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WIPP PART B PERMIT APPLICATION REVIEW 

GENERAL COMMENTS 

1. In the following comments for each chapter, specific page and line numbers are provided to direct 
attention to that portion of the application under discussion. While the specific lines identified in 
the comment indicate where the issue expressed in the comment was raised, this does not mean 
this is the only location in the chapter requiring revision to address the concern. 

RESPONSE 

Comment has been noted. 

* * * * * 

2. Many comments discuss the inconsistent use of terminology between sections and chapters in the 
application. The entire application would benefit greatly from an exhaustive glossary of terms 
and a list of acronyms, which could be inserted after the Regulatory Cross-Reference Table near 
the front of the application. 

RESPONSE 

A Glossary and Acronyms List have been added prior to the Regulatory Cross-Reference Table. 

* * * * * 

3. Throughout the application, a list of references at the conclusion of every chapter with citations 
would be invaluable. Presently, reference lists are used sporadically. 

RESPONSE 

Reference lists have been revised and/or added to sections of the permit application in response to 
this comment. 

***** 

4. NMED is concerned that the process described in DOE/WIPP DRAFT-2115, "Voluntary Release 
Assessment/Corrective Action Workplan for Solid Waste Management Units Located at the Waste 
Isolation Pilot Plant (WIPP)", may delay release of the draft permit. NMED needs clarification 
from DOE about the relative importance of continuing with this process, considering the short 
time remaining for the development of the draft permit. 

RESPONSE 

Comment has been noted. 

***** 
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5. Many comments identify general inconsistencies between text, tables, figures, appendices, and 
referenced documents. This indicates a generally poor editing process in revising previous 
applications to reflect currently proposed activities. Individual inconsistencies are identified in the 
specific comments for each chapter. 

RESPONSE 

Inconsistencies have been resolved throughout the permit application. 

* * * * * 

6. The use of forward referencing generally weakens the application by making it difficult to locate 
information in subsequent sections or chapters. NMED discourages the use of vague forward 
referencing, and instead suggests that any forward reference identify the specific section number 
and section title where the information is found. 

RESPONSE 

More specific forward referencing has been added throughout the permit application in response 
to this comment. 

* * * * * 

7. NMED recommends that DOE/WID examine the specific organization of chapters (especially 
Chapter C) to ensure consistent "sublevels" (e.g., sometimes a sublevel is underlined where 
elsewhere a similar level is given a numerical identifier). 

RESPONSE 

Comment has been noted. 
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40 CFR Part 261. Identification and Listing of Hazardous Waste-This part identifies those solid 
wastes which are subject to regulation as hazardous wastes under Parts 262-265, 268, 270, 271, 
and 124 of Title 40 of the Code of Federal Regulations. Codified in New Mexico as 
20 NMAC 4.1, Subpart II. 

40 CFR Part 264. Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities-this subpart establishes minimum national standards which 
define the acceptable management of hazardous waste. Codified in New Mexico as 
20 NMAC 4.1, Subpart V. 

2 

3 

4 

5 

6 

7 

8 

9 

40 CFR Part 264. Subpart G-This subpart of 40 CFR Part 264 defines closure and post- 10 

closure requirements pertaining to hazardous waste management units. Codified in New Mexico 11 

as 20 NMAC 4.1, Subpart V, §§264.110 to 264.120. 12 

40 CFR Part 264. Subpart X-This subpart specifies requirements that apply to owners and 13 

operators of facilities that treat, store, or dispose of hazardous waste in miscellaneous hazardous 14 

waste management unit. Codified in New Mexico as 20 NMAC 4.1, Subpart V, §§264.600 to 15 

264.604. 16 

40 CFR Part 268-This regulation restricts the land disposal of hazardous waste and specifies 17 

treatment standards and/or treatment technologies that must be met or applied before hazardous 18 

wastes may be land disposed. Section 268.6 provides for petitioning to allow land disposal of 19 

untreated hazardous waste if it can be demonstrated to a reasonable degree of certainty that 20 

there will be no migration of hazardous constituents from the disposal unit for as long as the 21 

waste remains hazardous. Codified in New Mexico as 20 NMAC 4.1, Subpart VIII. 22 

40 CFR Part 270-This regulation establishes provisions for the Hazardous Waste Permitting 23 

Program under Subtitle C of RCRA. This regulation and the associated State of New Mexico 24 

regulation require the permitting of the WIPP as a hazardous waste management unit. Codified 25 

in New Mexico as 20 NMAC 4.1, Subpart IX. 26 

Absolute Canister Pressure-Pressure measured relative to absolute zero pressure. It is 27 

calculated by the sum of the pressure indicated on the canister pressure gauge and the ambient 28 

barometric pressure. 29 

Acceptable Knowledge-An EPA term which includes process knowledge and results from 30 

previous testing, sampling, and analysis associated with the waste. Acceptable knowledge 31 

includes information regarding the raw materials used in a process or operation, process 32 

description, products, and associated wastes. Acceptable knowledge documentation includes 33 

the site history and mission, site-specific processes or operations, administrative building 34 

controls, and all previous and current activities that generate a specific waste. 35 
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Accuracy-The degree of agreement between a measured value and an accepted reference or 
2 the true value. Accuracy is determined as the percent recovery (%R) and may be expressed as 
3 relative percent accuracy (RPA). 
4 

5 Active Institutional Control-(1) Controlling access to a disposal site by any means other than 
6 passive institutional controls, (2) performing maintenance operations or remedial actions at a site, 
7 (3) controlling or cleaning up releases from a site, or (4) monitoring parameters related to 
8 disposal system performance (40 CFR § 191.12). 
9 

10 Air Dispersion Factor-The ratio of the maximum concentration at or beyond the site boundary 
11 to its average concentration of a hazardous constituent released into the atmosphere. 
12 

13 Air Lock-An intermediate chamber between zones of different static pressure. 
14 

15 ALARA-As Low As Reasonably Achievable; radiation protection program for minimizing 
16 personnel exposures. 
17 

10 Alpha Particle-A positively charged particle emitted in the radioactive decay of certain nuclides. 
19 Made up of two protons and two neutrons bound together, it is identical to the nucleus of a 
20 helium atom. It is the least penetrating of the three common types of radiation-alpha, beta, and 
21 gamma radiation. 
22 

23 Alpha Radiation-Radiation composed of positively-charged particles emitted in the radioactive 
24 decay of certain nuclides. Each alpha particle is made up of two protons and two neutrons 
25 bound together and is identical to the nucleus of a helium atom. 
26 

21 Analysis Date/Time-The date and military time (24-hour clock) of the introduction of the sample, 
20 standard, or blank into the analysis system.

1 
29 

30 Analyte-A substance or parameter for which a sample is analyzed. 
31 

32 Analytical Batch-A suite of samples of a similar matrix (i.e., gas or solid) processed as a unit, 
33 using the same analytical method, within a specific time period. An analytical batch can be up 
34 to 20 samples (excluding laboratory QC samples}, all of which must be received by the 
35 laboratory within 14 days of the validated time of sample receipt (VTSR) of the fist sample of the 
36 batch. 
37 

38 Analytical Method-The sample preparation and instrumentation procedures or steps that must 
39 be performed to estimate the quantity of analyte in a sample. 
40 

41 Analytical Sample-Any solution or media introduced into an instrument on which an analysis 
42 is performed excluding instrument calibration, initial calibration verification, initial calibration 
43 blank, continuing calibration verification and continuing calibration blank. Note the following are 
44 all defined as analytical sample: TRU waste samples, duplicate samples, laboratory control 
45 samples, and field and manifold blanks. 
46 
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Anhydrite-A mineral consisting of anhydrous calcium sulfate (CaS04). It is gypsum without 
water but is denser, harder, and less soluble. Anhydrite occurs as interbeds within the Salado 2 

Formation and in other formations in the vicinity of the WIPP. 3 

Anoxic Corrosion-Corrosion of metals in the absence of oxygen by anaerobic bacteria. 4 

Aquifer-A body of rock that contains enough saturated permeable material to transmit ground 5 

water and to yield significant quantities of ground water to wells and springs. The opposite of 6 

an aquiclude. 1 

Assessment-The evaluation process used to measure the performance or effectiveness of a 8 

system and its elements. Assessment is an all-inclusive term used to denote any of the 9 

following: audit, performance evaluation, management systems review, peer review, inspection, 10 

or surveillance. 11 

Audit-A planned and documented investigative evaluation of an item or process to determine 12 

the adequacy ad effectiveness as well as compliance with established procedures, instructions 13 

drawings, and /or other applicable documents. 14 

Backfill-Material placed around the waste containers, filling the open space in the disposal 15 

room. 16 

Baseline Inventory Report-Baseline waste inventory report for all nuclear wastes in the DOE 11 

complex. 18 

Bedded Salt-Consolidated layered salt separated from other layers by distinguishable planes 19 

of separation. 20 

Bell Canyon Formation-A sequence of rock strata that form the uppermost formation of the 21 

Delaware Mountain Group (Early Permian). It is immediately below the Castile Formation at 22 

about 4,000 feet below the surface. May contain some oil and gas. 23 

Berm-A mound or wall of earth or other similar material constructed to control surface water 24 

run-on or run-off. 25 

Beta Particle-A negatively charged particle emitted in the radioactive decay of certain nuclides; 26 

a free electron. 21 

Beta Radiation-Radiation made up of negatively charged particles emitted in the radioactive 28 

decay of certain nuclides; free electrons. 29 

Biodegradation-The process ofconsumption by microbial substances-usually organic materials 30 

such as cellulosics. 31 

Biological Half-Life-The time required for an organism to eliminate half the amount of a 32 

radionuclide ingested or inhaled. 33 
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Blind Audit Sample-A sample of known composition provided as a single-blind sample to the 
2 analytical laboratory. Used by DOE to evaluate analytical laboratory performance. Blind audit 
3 samples are distributed to participating laboratories as part of the Performance Demonstration 
4 Program. 
5 

6 Brine-Saline water containing calcium (Ca), sodium (Na), potassium (K), chlorides (Cl), and 
1 minor amounts of other elements located in deep sedimentary basins. 
8 

9 Calibration-The establishment of an analytical curve relating instrument response (signal) to 
10 analyte amount or concentration. 
11 

12 Calibration Blank-A sample volume containing undetectable quantities of analytes. 
13 

14 Canister-As used in this document, a container, usually cylindrical, for remotely handled TRU 
15 waste. The waste will remain in this canister during and after burial. A canister affords physical 
15 containment but not shielding; shielding is provided during shipment by a cask. 
17 

18 Carcinogenicity-The ability of a substance to cause the development of cancerous growths in 
19 living tissue. Such substances are usually grouped in two classifications: (1) those that are 
20 known to induce cancer in man or animals either by operational exposure in industry or by 
21 ingestion in feedstuffs and (2) those that have been found to cause cancer in animals under 
22 experimental conditions. 
23 
24 Carcinogen-A substance which may cause or induce cancer. 
25 

26 Carlsbad Potash District-The area east of Carlsbad and north and west of the Los Medanos 
21 site formally designated by the U.S. Geological Survey as having potentially economic grades 
28 of potash mineralization. 
29 

30 Cask-A massive shipping container providing shielding for highly radioactive materials and 
31 holding one or more canisters. 
32 
33 Castile Formation-A formation of evaporite rocks (mainly anhydrite with a few halite interbeds) 
34 of Permian age that immediately underlies the Salado Formation. 
35 

36 Central Monitoring Room (CMR)-A room at the WIPP facility equipped to monitor alarm 
37 functions and provide reliable communications. 
38 

39 Central Monitoring System (CMS)-A computer system that monitors the WIPP facility 
40 instrumentation; operated from the Central Monitoring Room. 
41 

42 Certification (employee)-ln this document, the process of verifying and denoting that specified 
43 employee qualification requirements have been satisfactorily completed for a specific job 
44 description. To become certified for a particular job description, an employee may be required 
45 to qualify at multiple tasks. 
46 
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Certification Card-A document specifying certification requirements for a particular job, and on 
which completion of the requirements is recorded. 

Certified Waste-Containers of waste that meet the WIPP Waste Acceptance Criteria. 

Chain-of-Custody Form-Form used to track control of a sample from the time of collection to 
analysis. 

Chemical Source Term-The fraction of the hazardous constituents inventory that can be 
mobilized for transport. 

Closure-The process of rendering a facility or a portion of a facility inactive with the exception 
of post closure care such as maintenance or monitoring. See also panel closure, final facility 
closure, partial closure, creep closure, and contingency closure. 

Code of Federal Regulations (CFR)-(1) A codification of the general and permanent rules 
published in the Federal Register by the department and agencies of the federal government. 
The CFR is divided into 50 titles that represent broad areas subject to federal regulation. It is 
issued quarterly and revised annually. (2) All federal regulations in force are published annually 
in codified form in the CFR. 

Comparability-A qualitative parameter expressing the confidence with which one data set can 
be compared with another. Sample data should be comparable with other measurement data 
for similar samples and sample conditions. 

Completeness-The percentage of measurements made which are judged to be valid 
measurements. The completeness goal is to generate a sufficient amount of valid data based 
on program needs. 

Condition Adverse to Quality-An all-inclusive term used in reference to any of the following: 
failures, malfunctions, deficiencies, defective items, and nonconformances. A significant 
condition adverse to quality is one which, if uncorrected, could have a serious effect on safety 
or operability. 

Conservative-As a term used with predictions or estimates, "conservative" means leaning 
toward over-protection. 

Consultation and Cooperation Agreement-An agreement that affirms the intent of the Secretary 
of Energy to consult and cooperate with the State of New Mexico with respect to State public 
health and safety concerns. The term "Agreement" means the July 1, 1981, Agreement for 
Consultation and Cooperation, as amended by the November 30, 1984, "First Modification," the 
August 4, 1987, "Second Modification," and the March 22, 1988, modification to the Working 
Agreement. 
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1 Contact-Handled (CH) Waste-Transuranic waste that has a measured radiation dose rate at 
2 the container surface of 200 millirem per hour or less and can be safely handled without special 
3 equipment when in closed containers. 
4 

5 Containment-The retention of radioactivity or hazardous constituents within a container. 
6 

7 Contamination-Undesirable radioactive material present on outside surfaces. This 
8 contamination can be either transferable or fixed. Radiation penetrating the walls of a waste 
9 package from within is not contamination. 

10 

11 Contingency Closure-In this document, closure of the hazardous waste management portions 
12 of the facility while maintaining the capability to manage non-hazardous TRU waste. 
13 

14 Contingency Plan-A document setting out an organized, planned, and coordinated course of 
15 action to be followed in case of a fire, explosion, or release of hazardous waste or hazardous 
16 constituents that could threaten human health or the environment. 
17 

18 Continuing Calibration Standards-Analytical standards run periodically to verify the calibration 
19 of the analytical system. 
20 

21 Control Limits-A range within which specified measurement results must fall to be compliant. 
22 Control limits may be mandatory, requiring corrective action if exceeded, or advisory, requiring 
23 that noncompliance data be flagged. 
24 
25 Corrective Action-Measures taken to rectify conditions adverse to quality and, where necessary, 
26 to preclude repetition of adverse conditions. 
27 

28 Correlation Coefficient-A number (r) that indicates the degree of dependence between two 
29 variables (e.g. concentration and absorbance). The more dependent they are the closer the 
30 value to one. Determined by least squares analysis. 
31 

32 Corrosive Materials-Corrosive materials are those defined as such by 20 NMAC 4.1 Subpart 
33 II §261.22. 
34 

35 Corrosivity-The tendency of a metal to deteriorate by chemical attack. 
36 

37 Creep Closure-Closure of underground openings, especially openings in salt, by plastic flow 
38 of the surrounding rock under lithostatic pressure. 
39 
40 Creep-A very slow, usually continuous, time-dependent movement of soil or rock; refers to the 
41 geologic phenomenon experienced as the gradual flow of salt under compressive loading. 
42 
43 Culebra Dolomite-The lower of two layers of dolomite within the Rustler Formation that are 
44 locally water bearing. 
45 
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Data Quality Objectives (DQO)-Qualitative and quantitative statements that clarify program 
technical and quality objectives, define the appropriate type of data, and specify tolerable levels 
of potential decision errors that will be used as the basis for establishing the quality and quantity 
of data needed to support decisions. 

Data Reduction-Operations necessary to correct data from the raw form to a final form as 
required by the customer. 

Day-Unless otherwise specified, day shall mean calendar day. 

Decommissioning Phase-The term "decommissioning phase" means the period of time 
beginning with the end of the disposal phase and ending when all shafts at the Waste Isolation 
Pilot Plant repository have been backfilled and sealed. 

Decommissioning-Actions taken upon abandonment of the repository to reduce potential 
environmental, health, and safety impacts, including repository sealing as well as activities to 
stabilize, reduce, or remove radioactive materials or demolish surface structures. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Decontamination-The removal of unwanted material (especially radioactive or hazardous 14 

materials). 15 

Decontamination and Decommissioning (D&D)-The process through which DOE facilities which 
are no longer operational are cleared of contamination and removed from service. In particular, 
a reference to D&D waste is a reference to the waste materials that are generated during D&D 
activities. 

Defense High-Level Waste (DHLW)-High-level radioactive waste generated as a result of DOE's 
national defense activities and programs. 

Defense Waste-(1) Radioactive waste from any activity performed in whole or in part in support 
of DOE atomic energy defense activities; excludes waste under purview of the Nuclear 
Regulatory Commissions or generated by the commercial nuclear power industry. (2) Nuclear 
waste derived mostly from the manufacture of nuclear weapons, weapons-related research 
programs, the operation of naval reactors, and the decontamination of weapons production 
facilities. 

Delaware Basin-An area in southeastern New Mexico and adjacent parts of Texas where a sea 
deposited large thicknesses of evaporites some 200 million years ago. It is partially surrounded 
by the Capitan Reef. 

Department of Energy Site-A DOE-owned or -controlled tract used for DOE operations. Either 
a tract owned by DOE or a tract leased or otherwise made available to the federal government 
under terms that afford to DOE rights of access and control substantially equal to those that DOE 
would possess if it were the holder of the fee (or pertinent interest therein) as agent of and on 
behalf of the government. One or more DOE operations/program activities are carried out within 
the boundaries of the described tract. 
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1 Derived Waste-Waste resulting from handling and management of the TRU mixed waste at the 
2 WIPP facility. 
3 

4 Design Basis Earthquake (DBE)-For the WIPP site area, defined as an event with maximum 
5 ground acceleration of 3.2 feet per second squared horizontally and vertically, with 10 maximum 
6 stress cycles, based on a 1,000-year recurrence interval. Pertinent facility structures are 
7 designed and built to withstand the stresses created by such an event. 
8 

9 Design Basis Tornado (DBT)-A tornado that is the most severe design basis accident of that 
10 type applicable to the area under consideration. 
11 

12 Design Capacity-The planned waste capacity of the Waste Isolation Pilot Plant of 6.2 million 
13 cubic feet. 
14 

15 Dewey Lake (Red beds) Formation-Geologic formation layered on top of the Rustler Formation. 
16 

11 Diffusion, Molecular-Movement of a contaminant due to the cumulative effect of the random 
18 motions of molecules. 
19 

20 Disposal-Emplacement of waste in a manner that assures isolation from the biosphere for the 
21 foreseeable future with no intent of retrieval and that requires deliberate action to regain access 
22 to the waste. 
23 

24 Disposal Facility-A facility or part of a facility into which hazardous waste is intentionally placed 
25 and in which hazardous waste will remain after closure. 
26 

21 Disposal Phase-The term "disposal phase" means the period of time during which transuranic 
28 waste is disposed of at the Waste Isolation Pilot Plant, beginning with the initial emplacement 
29 of transuranic waste underground for disposal and ending when the last container of transuranic 
30 waste is emplaced underground for disposal and the final emplacement panel is closed. 
31 

32 Disposal Room-An excavated cavity in the Waste Isolation Pilot Plant underground in which 
33 transuranic waste will be emplaced during disposal operations. 
34 

35 Disposal System-The disposal system is any combination of engineered and natural barriers 
36 that isolate transuranic waste after disposal. For the purposes of the Waste Isolation Pilot Plant, 
37 this will include the combination of the repository/shaft system and the controlled area. 
38 

39 Disturbed Rock Zone (DRZ)-That portion of the excavation of which the physical and/or 
40 chemical properties may have changed significantly as a result of localized stress relief. 
41 

42 DOE Field Office-The first line DOE field element that carries the organizational responsibility 
43 for: 1) managing and executing assigned programs, 2) directing contractors who conduct the 
44 programs, and 3) assuring that environment, safety, and health are integral parts of each 
45 program. 
46 
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Drum Equivalent-The amount of waste in a 55-gallon drum. For the purposes of calculating 2 

the health effects from waste management activities, the waste volume is converted to drum 3 

equivalents. 4 

Effluent-Wastewater or airborne emissions discharged into the environment. 5 

Emergency Coordinator (RCRA)-An employee at the WIPP facility or on call with responsibility 6 

for coordinating emergency response measures related to the facility Contingency Plan. The 1 

RCRA Emergency Coordinator is thoroughly familiar with all aspects of the facility's contingency 8 

plan, all operations and activities at the facility, the location and characteristics of waste handled, 9 

the location of all records within the facility, and the facility layout. The RCRA Emergency 10 

Coordinator has the authority to commit resources necessary to implement the contingency plan. 11 

Emergency Operations Center (EOC)-A .room at the WIPP facility equipped with primary and 12 

redundant communications systems and is the base of operations during emergency situations. 13 

Emplacement-At the Waste Isolation Pilot Plant, the placing of TRU wastes in the repository. 14 

Environmental Restoration (ER)-Those activities associated with the remediation of sites 15 

contaminated with hazardous and/or radioactive materials. In particular, a reference to 16 

remediation activities conducted under the auspices of the DOE Office of Environmental 11 

Restoration and Waste Management, Office of Environmental Restoration, EM-40. 18 

EPA Code-See Hazardous Waste Code 19 

Equipment Blanks-Samples of high purity gas or water used to clean sampling equipment. 20 

They are collected after the equipment has been cleaned and prior to sampling. These blanks 21 

are useful in documenting adequate cleaning of sampling equipment. 22 

Equipment Cleaning Batch-A number of sampling equipment items cleaned together at one 23 

time using the same cleaning method. 24 

Fault Tree-A tree-like cause-and-effect diagram of hypothetical events. Analysis of fault trees 25 

is used to investigate failures in a system or concept. 26 

Federal Facilities Compliance Act (FFC Act)-An amendment, promulgated in 1992, to the Solid 21 

Waste Disposal Act. Title I of the FFC Act grants the U.S. Environmental Protection Agency 28 

administrative enforcement authority against any department, agency, or instrumentality of the 29 

executive, legislative, or judicial branch of the federal government. In regard to mixed wastes, 30 

sovereign immunity for federal agencies is waived, consistent with a schedule provided in the 31 

act. In addition, the act requires that the DOE prepare an inventory of mixed wastes and mixed 32 

waste treatment capacities and technologies. For those mixed wastes for which treatment 33 

capacities or technologies do not exist, the DOE must prepare plans for the development of the 34 

capacities or technologies. 35 
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Field Blanks-Field blanks are headspace gas background samples that are collected in the field 
2 in the immediate vicinity of the sample collection location. They accompany the sample 
3 containers through collection, shipment to the analytical laboratory, and storage prior to analysis, 
4 and are used to identify any contamination from field conditions. 
5 

6 Field Duplicates-Two separate, independent samples collected from the same source, as close 
7 as possible to the same place and time, stored in separate containers, and analyzed 
8 independently. Field duplicates are used to document the precision of the sampling and analysis 
9 process. 

10 

11 Field Reference Standards-Standard headspace gas samples containing known concentrations 
12 of target analytes. They are used to identify any bias in the sampling process. 
13 

14 Filter Bank-An arrangement of air filters in series and/or parallel, through which ventilation air 
15 is passed. 
16 

17 Final Facility Closure-Closure of the WIPP facility that includes sealing all shafts. 
18 

19 Frequency (1 O percent)-A frequency specification during an analytical sequence allowing for 
20 no more than 10 analytical samples between required quality control measurements. 
21 

22 Floodplain-That portion of a river valley adjacent to the river that is potentially covered with 
23 water when the river reaches flood stages. 
24 

25 Formation (geologic)-The basic rock-stratigraphic unit in the local classification of rocks. It 
26 consists of a body of rock (usually sedimentary) generally characterized by some degree of 
27 internal lithologic homogeneity or distinctive features. 
28 
29 Forty-niner Member-Upper anhydrite and mudstone layer of Rustler Formation. 
30 

31 Free Liquid-Liquid that is not sorbed into a host material such that it is detectable using 
32 radiography or visual inspection. 
33 

34 Gamma Radiation-Short-wavelength electromagnetic radiation emitted in the radioactive decay 
35 of certain nuclides; high-energy photons. 
36 
37 Gas Generation Rate-The combined gas production rate for all species of gases produced as 
38 a result of transuranic waste transformations such as corrosion, microbial degradation, and/or 
39 radiolysis at any given time. The rate of gas production throughout the history of the repository 
40 is expected to vary depending on repository conditions with respect to humidity, total or partial 
41 brine inundation, competitive reactions that absorb specific gases, and the ability of the 
42 repository to retain the gases generated. 
43 

44 Gas Production-Three gas generation processes are expected to be a factor in the degradation 
45 of TRU wastes in the WIPP repository. The generation of gaseous species is expected to occur 
46 through chemical (i.e., corrosion), microbial, and radiolytic processes. 
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Gaturia Formation-A geologic formation covering the Dewey Lake Formation over a wide 1 

ranging area. It is basically Pleistocene in age and of medium to coarse brown soil. 2 

Gauge Pressure-The pressure that is measured by the canister pressure gauge. Zero gauge 3 

pressure is equal to ambient barometric pressure. 4 

Generator and/or Storage Sites-Refers to the sites nationwide where Department of Energy 5 

transuranic wastes are generated and/or stored as a result of nuclear weapons activities. 6 

Glove Box-A sealed box in which workers, remaining outside and using gloves attached to and 1 

passing through openings in the box, can safely handle and work with radioactive materials. 8 

Gravitational Force (g)-This is the acceleration due to gravity (32 ft/s2
) of a falling body. It is 9 

used in this text as a measure of ground motion caused by an earthquake and is taken as a 10 

percentage of g, i.e., 0.1g would be 10 percent of the velocity of gravitational force acting on a 11 

falling body. 12 

Groundwater-Water below the land surface in a zone of saturation (40 CFR §191.12). 13 

Grout-A mortar or cement slurry (of high water content) used to plug potential fluid-flow paths 14 

in geologic or engineered structures. 15 

Guadalupian-Geological group of rocks below the Castile about 4, 100 feet to about 8,000 feet 16 

below the surface. Contains the Bell Canyon, Brushy Canyon, and Cherry Canyon Formations. 11 , 

Guidance Material-Recommended practices to complete a given task and maintain reasonable 18 

assurance that the goals for that task will have been attained at completion. This type of 19 

material provides a means of accomplishing a task that has been found acceptable to the 20 

responsible agency. The word "should" is used to denote guidance material. 21 

Halite-A naturally occurring mineral of sodium chloride (rock salt). 22 

Hazardous Constituent-Those chemicals identified in Appendix VIII of 20 NMAC 4.1 Subpart II 23 

(40 CFR Part 261 ). 24 

Hazardous Material-Any material that has been determined to be capable of posing a risk to 25 

health, safety, or property. 26 

Hazardous Waste-Waste that, because of its quantity, concentration, or physical, chemical, or 21 

infectious characteristics, may cause or significantly contribute to an increase in mortality or an 28 

increase in serious irreversible, or incapacitating reversible illness, or pose a substantial present 29 

or potential hazard to human health or the environment when improperly treated, stored, 30 

transported, or disposed of, or otherwise managed. Hazardous wastes are listed in 31 

20 NMAC 4.1 Subpart II (40 CFR Part 261) and/or exhibit one of the four characteristics in 32 

20 NMAC 4.1 Subpart II (40 CFR Part 261) (i.e., ignitability, corrosivity, reactivity, and toxicity). 33 

ALJ11-95/WP/WIPPARTB/REV5CR:Glossary 11 of 28 760336.02 01/12/96 1:10pm 



WIPP RCRA Part B Permit Application 
DOEIVVIPP 91-005 
Revision 5.2 

1 Hazardous Waste Code-The number assigned by EPA to each hazardous waste listed in 
2 20 NMAC 4.1 Subpart II (40 CFR Part 261 ), Subpart D, and to each characteristic waste 
3 identified in 20 NMAC 4.1 Subpart II (40 CFR Part 261 ), Subpart D, and to each characteristic 
4 waste identified in 20 NMAC 4.1 Subpart II (40 CFR Part 261 ), Subpart C. 
5 

6 Hazardous Waste Management Unit-A contiguous area of land on or in which hazardous waste 
1 is placed, or the largest area in which there is significant likelihood of mixing hazardous waste 
8 constituents in the same area. Examples of hazardous waste management units include a 
9 surface impoundment, a waste pile, a land treatment area, a landfill cell, an incinerator, a tank 

10 and its associate piping and underlying containment system and a container storage area. A 
11 container alone does not constitute a unit; the unit includes containers and the land or pad upon 
12 which they are placed. 
13 

14 Headspace-That volume of any containment that is not occupied by the volume of waste 
15 material. "Headspace" is also used to refer to the gases contained in this volume. 
16 

11 Headspace Gases-The gas within the free volume at the top of a closed container (between 
18 the container lid and the waste inside the container) or containment, such as a drum or bin, 
19 containing TRU mixed or simulated waste. The gas may be generated from biological, chemical, 
20 or radiolytic processes; this would include contributions from volatile organic compounds (VOCs) 
21 present in the waste. 
22 
23 HEPA Filter-A high-efficiency particulate air filter usually capable of 99.7 percent efficiency as 
24 measured by a standard photometric test using 0.3-micron droplets (aerodynamic equivalent 
25 diameter) of dioctylphthalate (DOP). 
26 

21 High Purity Gas-Gas certified by the manufacturer to contain less than 1 ppm total VOCs. 
28 
29 Holding Time-The maximum permissible time allowed between time of sample collection and 
30 time of analysis. 
31 

32 Horizon-In geology, an interface indicative of a particular position in a stratigraphic sequence. 
33 For instance, the waste-emplacement horizon in the Salado Formation at the Waste Isolation 
34 Pilot Plant is the level 650 meters (2, 150 feet) deep where openings are mined for waste 
35 disposal. 
36 

37 Host Rock-The rock unit, in this case the Salado Formation, in which the radioactive waste is 
38 to be emplaced. 
39 

40 Hot Cell-A heavily shielded compartment in which highly radioactive material can be handled, 
41 generally by remote control. 
42 

43 Hundred-Year Storm-A storm that, on a statistical basis, is expected to recur only once every 
44 one hundred years. 
45 
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Independent Assessment-A quality assurance program assessment that is conducted by an 
independent group or organization, having authority and freedom from the line organization, to 
evaluate the scope, status, adequacy, programmatic compliance, and implementation 
effectiveness of the quality assurance program. 

Independent Standard-A laboratory-prepared standard solution that is composed of analytes 
from a different source than those used in the standards for the initial calibration. 

Innermost Layer of Confinement-Within a waste container, a plastic bag that is closest to waste 
that may be a source of voes and/or hydrogen and methane. 

Institutional Controls-Actions to control a waste management facility such as the WIPP. 
Institutional controls are described as "active" and "passive." Active institutional controls are 
defined in § 191.12 as: (1) controlling access to a disposal site by any means other than passive 
institutional controls, (2) performing maintenance operations or remedial actions at a site, (3) 
controlling or cleaning up releases from a site, or (4) monitoring parameters related to disposal 
system performance. Passive institutional controls are defined in § 191.12 as: ( 1) permanent 
markers placed at a disposal site, (2) public records and archives, (3) government ownership and 
regulations regarding land or resource use, and (4) other methods of preserving knowledge 
about the location, design, and contents of a disposal system. 

Instrument Calibration-Analysis of analytical standards for a series of different specified 
concentrations; used to define the quantitative response, linearity, and dynamic range of the 
instrument to target analytes. 

Instrument Detection Limit (IDL)-The minimum signal that an instrument can detect with 99 
percent confidence that the analyte concentration is greater than zero. 

lnterferents-Substances that affect the analysis for the element or compound of interest. 

Integrated Data Base (IDB)-The latest version of the IDB, the Integrated Data Base for 1993 
U.S. Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics (DOE, 
1994b). 

Integrated Risk Information System-An EPA on-line database containing health effects data for 
exposure to hazardous constituents. 

Intensity, Earthquake-A measure of the effects of an earthquake on humans and structures at 
a particular place. Not to be confused with magnitude. 

lnterbed-A bed, typically thin, of one kind of rock material occurring between or alternating with 
beds of another kind of rock material. 

Item Description Code (IDC)-A site-specific, internal numerical code applied to individual waste 
forms to provide identification that is used for physical segregation and computerized record 
keeping and tracking. 
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Kelvin-A unit of temperature equal to Centigrade degrees, whose scale begins at absolute zero. 
2 Abbreviated K. 1 K degree equals 1 centigrade degree. 
3 

4 Laboratory Blank-An analyte-free matrix to which all reagents are added in the same volumes 
5 or proportions as used in sample analysis. The laboratory blank is used to document 
6 contamination resulting from the laboratory sample preparation and analytical process. 
7 

8 Laboratory Control Sample-A control sample of known composition. Laboratory control 
9 samples are analyzed using the same analytical methods employed for the program samples 

10 received. 
11 

12 Laboratory Duplicate-A second aliquot of a sample that is treated the same as the original 
13 sample to determine the precision of the method. 
14 

15 Land Disposal Restrictions-Provision of The Hazardous and Solid Waste Amendments of 1984 
16 (HSWA) that prohibits the land disposal of untreated hazardous wastes in or on the land unless 
11 EPA finds that it will not endanger human health and the environment. 
18 

19 Land Withdrawal Act (LWA)-Public Law 102-579, which withdraws the land at the Waste 
20 Isolation Pilot Plant site from "entry, appropriation, and disposal"; transfers jurisdiction of the land 
21 from the Secretary of the Interior to the Secretary of Energy; reserves the land for activities 
22 associated with the development and operation of the Waste Isolation Pilot Plant; and includes 
23 many other requirements and provisions pertaining to the protection of public health and the 
24 environment. 
25 

26 Leachate-Means any liquid, including any suspended components in the liquid, that has 
21 percolated through or drained from hazardous waste. 
28 

29 Leaching-The process of extracting a soluble component from a solid by the percolation of a 
30 solvent (in this report, water) through the solid. 
31 

32 Level I Trainers-Technically knowledgeable members of the WIPP facility line organization who 
33 are qualified to provide training on operation of specified equipment. 
34 

35 Level II Trainers-Members of Technical Training and the WIPP facility line organizations who 
36 are qualified to conduct limited classroom training in their technical area of expertise. 
37 

38 Level Ill Trainers-Members of Technical Training who are qualified to conduct classroom 
39 training, skills evaluation, and training needs assessment. 
40 

41 Linear Range, Linear Dynamic Range-The concentration range over which the analytical curve 
42 remains linear. 
43 

44 Los Medalios-ln this report, the area in southeastern New Mexico surrounding the site 
45 proposed for the WIPP repository. In Spanish it means "the dunes." 
46 
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Low-Level Waste-Waste that contains radioactivity and is not classified as high-level waste, 
transuranic waste, spent nuclear fuel, or by product material. 

1 

2 

Lower Explosive Limit-The minimum concentration of gas or vapor in air below which a 3 

substance does not burn when exposed to an ignition source. 4 

Magenta Dolomite-The upper of two layers of dolomite within the Rustler Formation that are 5 

locally water-bearing. 6 

Magenta Member-The upper dolomite member that also contains some minor amounts of 1 

nonpotable water. 8 

Magnitude, Earthquake-A measure of the total energy released by an earthquake. Not to be 9 

confused with intensity. 10 

Management Assessment-A determination of managerial effectiveness in establishing and 11 

implementing QAPPs that conform to DOE policy requirements. It is based on an analysis of 12 

functional appraisals, internal audits, and other information, and ont he application of appropriate 13 

criteria. It is a review and evaluation of management performance covering all quality assurance 14 

and management responsibilities to assure proper quality assurance program balance. 15 

Marker Beds (MB)-MBs are well-defined layers of rock that mark distinct divisions in major 15 

geological strata or geological time frames. See interbeds. 11 

Master Records Center-WIPP project records retention center. 18 

Matrix Parameter Category-A collection of descriptive titles, definitions, and associated 19 

numerical codes used to classify mixed waste at DOE facilities. 20 

Mean-The average value. For a given set of n values, the mean is the sum of their values 21 

divided by n. 22 

Median-The median of a set of data is the value such that half of the observations are less than 23 

that value and half are greater than that value. 24 

Mescalero Caliche-An informal name for the layer of white calcium containing rock of varying 25 

thickness immediately beneath the soil layer in the WIPP area. 26 

Method Blank-An analyte-free matrix to which all reagents are added in the same volumes or 21 

proportions as used in sample processing. The method blank must be carried through the 28 

complete sample preparation and analytical procedure. The method blank is used to document 29 

contamination resulting from the analytical process. 30 
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Method Detection Limit (MDL)-The minimum concentration of a substance that can be 
2 measured and reported for a given method with 99 percent confidence that the analyte 
3 concentration is greater than zero. MDL is determined from analysis of a sample in a given 
4 matrix type containing the analyte of interest. 
5 

6 Migration-In the context of 20 NMAC 4.1 Subpart VIII §268.6, "migration" means the movement 
7 of hazardous constituents beyond the boundary of a hazardous waste management unit in 
8 concentrations exceeding applicable regulatory levels. 
9 

10 Milli-A prefix meaning one-thousandth (1 /1,000 or 10"3
). 

11 

12 Miscellaneous Unit-A hazardous waste management unit where hazardous waste is treated, 
13 stored, or disposed of and that is not a container, tank, surface impoundment, pile, land 
14 treatment unit, landfill, incinerator, boiler, industrial furnace, underground injection well with 
15 appropriate technical standards under 40 CFR Part 146, or unit eligible for a research, 
16 development, and demonstration permit under 20 NMAC 4.1 Subpart IX, §270.65. Miscellaneous 
17 units include salt bed formations in which hazardous wastes are managed. 
18 

19 Mixed Waste-see TRU mixed waste. 
20 

21 Mixed Waste Inventory Report (MWIR)-The latest release of information from the MWIR 
22 database that supports requirements under the FFCA of 1992 (Public Law 102-386). The latest 
23 version of the MWIR documentation/files is Distribute of Phase II Mixed Waste Inventory Report 
24 Data, dated May 17, 1994 (DOE, 1994a). This information replaces the Phase I MWIR release 
25 (DoE, 1994c). 
26 

27 Nano-A prefix meaning one-billionth (1/1,000,000,000 or 10"9
). 

28 

29 Narrative-Portion of the data package that includes descriptive documentation of any problems 
30 encountered in processing the samples, corrective actions taken, and problem resolution. 
31 

32 Natural Barriers-The repository host rock and surrounding geologic structures and formations. 
33 The natural barriers extend from the engineered barrier to the compliance boundary. 
34 

35 New Mexico Administrative Code (NMAC)-The NMAC Chapter 20, Section 4, Part 1 
36 (20 NMAC 4.1) implements the provisions of the New Mexico Hazardous Waste Act. 20 
37 NMAC 4.1 regulations are consistent with the Federal RCRA regulations, 40 CFR 
38 Parts 260 through 270. 20 NMAC 4.1 was previously (until September 23, 1994) published as 
39 Hazardous Waste Management Regulations (HWMR-7). 
40 

41 New Mexico Hazardous Waste Act-The New Mexico legislation which establishes the state 
42 hazardous waste management program. The state law is no less stringent than the federal law. 
43 

44 Newly Generated TRU Waste-Waste generated after the development, approval and 
45 implementation of a TRU waste characterization program that meets the requirements outlined 
46 in the TRU Waste Characterization QAPP. 
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No-migration-Adequate isolation of RCRA-regulated constituents such that "no-migration" of 
hazardous-waste constituents beyond the unit boundary occurs for as long as the wastes remain 
hazardous. 

No-Migration Variance Petition (NMVP)-Section 3004 of RCRA allows EPA to grant a variance 
from the land disposal restrictions when a determination can be made that, to a reasonable 
degree of certainty, there will be no migration of hazardous constituents from the disposal unit 
for as long as the waste remains hazardous. Specific requirements for making this 
demonstration are found in 40 CFR 268.6 and EPA has published a draft guidance document 
to assist petitioners in preparing a variance request. 

Non-Mixed TRU Waste-Transuranic waste that does not contain hazardous constituents or 
exhibit hazardous characteristics, as identified in 20 NMAC 4.1 Subpart II (40 CFR Part 261) 
Subparts C and D. 

Operational Variance-Approved and controlled changes to program-related plans or procedures. 
Operational variances affect operations but not the ability to achieve the performance standards 
or quality requirements specified. 

Order of Magnitude-A factor of ten. 

Out of Control-One or more of several conditions relating to the plotting of control data and 
indicating unacceptable results. 

Overpack-A container put around another container. In the WIPP, overpacks would be used 
on damaged or otherwise contaminated drums, boxes, and canisters that it would not be 
practical to decontaminate. 

Oxic Corrosion-Oxidation of metals by molecular oxygen (02). 

Packaging-The assembly of components necessary to ensure compliance with packaging 
requirements. It may consist of one or more receptacles, absorbent materials, spacing 
structures, thermal insulation, radiation shielding, and devices for cooling or absorbing 
mechanical shocks. The vehicle, tie-down system, and auxiliary equipment may be designated 
as part of the packaging. 

Packaging QA Program-A site-specific document which defines the quality assurance and 
quality control activities applicable to usage of the NRC approved packaging. This program shall 
meet the requirements of 10 CFR, Part 71, Subpart H. 

Panel-A group of several underground rooms connected by drifts. Within the Waste Isolation 
Pilot Plant, a panel consists of seven rooms connected by drifts at each end, or the disposal 
area access drifts. 
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Panel Closure-The emplacement of an engineered system to close a panel in the WIPP and 
2 remove it from an active waste management area. 
3 

4 Partial Closure-The process of closing a portion of a permitted facility. 
5 

6 Particulates-Fine liquid or solid particles such as dust, smoke, or fumes found in the air or 
7 emissions. 
8 

9 Passive Institutional Controls-"(1) [P]ermanent markers placed at a disposal site, (2) public 
10 records and archives, (3) government ownership and regulations regarding land or resource use, 
11 and (4) other methods of preserving knowledge about the location, design, and contents of a 
12 disposal system" (40 CFR § 191.12). 
13 

14 Percent Difference (%0)-The difference between the average initial calibration response factor 
15 and the continuing calibration response factors divided by the average initial calibration 
16 response. 
17 

18 Performance Assessment-A term used to denote quantitative activities carried out to evaluate 
19 the long-term ability of the Waste Isolation Pilot Plant to effectively isolate the waste, to ensure 
20 long-term health and safety of the public by complying with 40 CFR Part 191 and 40 CFR 268.6, 
21 and to supply data/information to the compliance analysis for demonstrating regulatory 
22 compliance. The final analysis of compliance will consist of a qualitative assessment of the 
23 quantitative results of the performance assessment. 
24 
25 Permeability-The property or capacity of a porous rock sediment or soil for transmitting a fluid: 
26 it is a measure of the relative ease of fluid flow under unequal pressure. 
27 

28 pH-A term used to describe the hydrogen-ion activity or concentration of a solution. 
29 

30 Point Source-A source of effluents that is small enough in dimensions that it can be treated as 
31 if it were a point. The converse (not used in this document) is a diffuse source. A point source 
32 can be either a continuous source or a source that emits effluents only in puffs or for a short 
33 time. 
34 

35 Porosity-The percentage of porous rock that consists of open space. 
36 

37 Post-Closure Period-A designated period of time beginning with the end of the 
38 Decommissioning Phase and extending through the end of the regulatory time frame of 10,000 
39 years. 
40 
41 Potable Water-Water that is safe and palatable for human use. 
42 

43 Potash-A potassium compound, especially as used in agriculture or industry. 
44 
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Precision-A measure of mutual agreement among individual measurements of the same 
property made under prescribed similar conditions; often expressed as a standard deviation or 2 

relative percent difference (RPO). 3 

Procedure-A detailed, step-by-step description of the sequence of actions to be followed in 4 

order to perform a given task. If followed in sequence, a procedure provides enough information 5 

that a trained person could complete the covered task without additional information. 6 

Process Batch-An amount of material subjected to a particular unit chemical process, unit 1 

physical mixing process or other short-term operation, resulting in a final product and/or waste a 
stream that is substantially uniform. 9 

Process Knowledge-The determination of waste container contents through the study of existing 1 o 
records on the production history of the waste. 11 

Program Required Detection Limit (PRDL)-The maximum values for instrument detection limits 12 

permissible for the Program. 13 

Program Required Quantitation Limit (PRQL)-Minimum level of analyte quantitation acceptable 14 

under the QAPP. An analyte PRQL should be a minimum of three times the MDL. 15 

Prohibited Wastes-Prohibited wastes are a subset of restricted wastes (under the LOR 16 

regulations) that have established treatment standards but do not meet the respective treatment 11 

standards, nor have a variance or waiver in effect and are, therefore, currently ineligible for land 1a 
disposal. 19 

Projected Inventory-That part of the inventory that has not been generated but is estimated to 20 

be generated at some time in the future by the TRU waste generator/storage sites. The 21 

estimated timeframe may vary, but is usually between 20 and 30 years. 22 

Protocol-Material that constitutes the absolute minimum requirements for compliance with a 23 

given program. The words "shall" or "must" are used to denote these requirements. Verbatim 24 

compliance with protocols is mandatory. 25 

Public Law 96-164-The U.S. Department of Energy National Security and Military Applications 26 

of Nuclear Energy Act of 1980. Public Law 96-164 directed the Department of Energy to 21 

proceed with the design and development of the Waste Isolation Pilot Plant. 2a 

Public Law 102-579-See Land Withdrawal Act. 29 

Purge and Trap-An analytical technique used to isolate volatile (purgeable) organics by 30 

stripping the compounds from water or soil with a stream of inert gas, trapping the compounds 31 

on a porous polymer trap, and thermally desorbing the trapped compounds onto the gas 32 

chromatographic column. 33 
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1 Qualification-The process of verifying that an individual possesses the knowledge and skills to 
2 properly accomplish a specified task. 
3 

4 Qualification Card-The document that specifies the knowledge and skill requirements for a 
s specified task and on which completion of the requirements is recorded. 
6 

7 Quality Assurance (QA)-The planned and systematic actions necessary to provide adequate 
8 confidence that a structure, system, or component will perform satisfactorily in service. 
9 

10 Quality Assurance Objectives (QAO)-The characteristics of data that are associated with its 
11 ability to satisfy a given purpose or objective. The characteristics of major importance are 
12 accuracy, precision, completeness, representativeness, and comparability. 
13 

14 Quality Assurance Program Plans (QAPP)-Documents that describe the overall program plans 
15 and activities to meet the project's quality assurance goals. 
16 

17 Quality Assurance Project Plans (QAPjP)-Documents that ensure site-specific waste 
18 characterization activities meet the data quality objectives. 
19 

20 Quality Control-Those quality assurance activities that provide a means to control and measure 
21 the characteristics of a structure, system, or component to established requirements. 
22 
23 Radioactive Material-Matter composed of or containing radionuclides, subject to the Atomic 
24 Energy Act of 1954, as amended. 
25 

26 Radiographic Examination-The nondestructive technique that enables a qualitative evaluation 
27 of the contents of a waste container. 
28 
29 Radiography-A nondestructive testing method that utilizes X-rays to inspect and determine the 
30 physical form of waste. 
31 

32 Radiolysis-Chemical decomposition by the action of radiation. 
33 

34 Radionuclide-(1) A species of atom having an unstable nucleus, that is subject to spontaneous 
35 decay or disintegration and usually accompanied by the emission of ionizing radiation. (2) Any 
36 nuclide that emits radiation. A nuclide is a species of atom characterized by the constitution of 
37 its nucleus and hence by the number of protons, the number of neutrons, and the energy 
38 content. 
39 
40 Real-Time Radiography (RTR)-A nondestructive, nonintrusive radiographic examination 
41 technique that enables a qualitative (and in some cases quantitative) evaluation of the contents 
42 of a waste container. Real-Time Radiography utilizes x-rays to inspect the contents of the waste 
43 container in real time. Real-Time Radiography is used to examine and verify the physical form 
44 of the waste for certain waste forms, identify individual waste components, and verify the 
45 absence of certain noncompliant items. 
46 
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Reasonable-(1) Not conflicting with reason, (2) not extreme or excessive, (3) having the faculty 
of reason, or (4) possessing sound judgment. 

Recovery-The numerical ratio of the amount of analyte measured by the laboratory method 
divided by the known amount of analyte added to the matrix (i.e., spiked sample) to be analyzed. 
Usually expressed as a percent (%R). 

Release-Movement of regulated substances into the accessible environment as defined in 
40 CFR Part 191 or beyond the unit boundary as defined for 20 NMAC 4.1 Subpart VIII §268.6. 

Remote-Handled (RH) Waste-Transuranic wastes that have a measured radiation dose rate at 
the container surface of between 200 millirem per hour and 1,000 REM per hour and, therefore, 
must be shielded for safe handling. 

Repository-The portion of the Waste Isolation Pilot Plant underground system within the Salado 
Formation, including the access drifts and waste panels, but excluding the shafts. 

Repository/Shaft System-The Waste Isolation Pilot Plant underground workings, including the 
shafts, all engineered and natural barriers, and the altered zones within the Salado Formation 
and overlying units resulting from construction of the underground workings. 

Representativeness-The degree to which sample data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, or an environmental 
condition. Representativeness is a qualitative parameter that concerns the proper design of the 
sampling program. 

Residual Liquid-Liquids in quantities of less than 1 volume percent of the waste container that 
result from liquid residues remaining in well-drained internal containers, condensation of 
moisture, and liquid separation resulting from sludge/resin setting. 

Residual Material-Anything not characterized as a waste item or packaging material. 

Resource Conservation and Recovery Act (RCRA)-(1) Establishes a system for controlling 
hazardous waste from generation to disposal. (2) A federal law passed in 1976, and amended 
under the HSWA of 1984, that established a structure to track and regulate hazardous wastes 
from the time of generation to disposal. The law requires safe and secure procedures to be 
used in treating, handling, transporting, storing, and disposing of hazardous substances. RCRA 
is designed to prevent new uncontrolled hazardous waste sites. The law also regulates the 
disposal of solid waste that may not be considered hazardous. (3) Specifically, Subtitle D of 
RCRA governs the management of solid waste. (Note: 20 NMAC 4.1 and 40 CFR Parts 260-
281 are the regulations for complying with RCRA with respect to hazardous waste and 
hazardous waste treatment, storage, and disposal facilities in New Mexico.) 

Restricted Wastes-Restricted wastes are those RCRA hazardous wastes that are subject to the 
LDR program. A waste is restricted if EPA has established a treatment standard for it, or if it has 
been specifically designated by Congress as ineligible for land disposal. While some restricted 
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wastes may be eligible for land disposal without meeting treatment standards, all restricted 
2 wastes are, at a minimum, subject to the waste analysis, notification, and recordkeeping 
3 requirements of 20 NMAC 4.1 Subpart VIII §268.7. 
4 

5 Retrievably Stored TRU Waste-Waste generated after 1970. 
6 

7 Review/Data Review-The process used to ensure the proper collection and reduction of raw 
8 data has been accomplished. 
9 

10 Rockbolts-ln this document, metal rods or pins emplaced in the roof, ribs, or floor of a waste 
11 disposal room for stabilization. 
12 

13 Roentgen-The international unit of x-radiation or gamma radiation equal to the amount of 
14 radiation that produces in 1 cubic centimeter of dry air at 0° and standard 
15 atmospheric pressure, ionization of either sign equal to 1 electrostatic unit charge. 
16 

11 Room-An excavated cavity within a panel in the underground. Within the Waste 
10 Isolation Pilot Plant, a room is about 10 meters wide, 4 meters high, and 91 meters 
19 long. 
20 

21 Run-A continuous analytical sequence consisting of prepared samples and all 
22 associated quality assurance measurements. 
23 

24 Rustler Formation-The evaporite beds, including mudstones, of probable Permian age 
25 that immediately overlie the Salado Formation. 
26 

21 Safety Analysis Report (SAR)-A safety document providing a concise but complete 
20 description and safety evaluation of the site, the design, normal and emergency 
29 operations, potential accidents, and predicted consequences of such accidents, and 
30 the means proposed to prevent such accidents or to mitigate the consequences of such 
31 accidents. A SAR documents the adequacy of safety analysis for a nuclear facility to 
32 ensure that the facility can be constructed, operated, maintained, shut down, and 
33 decommissioned safely and in compliance with applicable laws and regulations. 
34 

35 Salado Formation-A geologic formation of Late Permian age in southeastern New 
36 Mexico. At the Waste Isolation Pilot Plant site, it is composed of salt beds with 
37 minor amounts of anhydrite (45 numbered anhydrite marker beds: Marker Bed 101 through 
38 Marker Bed 145) and clay. 
39 

40 Sample-A portion of material to be analyzed that is contained in single or multiple 
41 containers and identified by a unique sample number. 
42 

43 Sample Number-A unique identification number that is designated for each sample. 
44 The sample number appears on all sample reports which document information on that 
45 sample. 
46 

AU11-95/WPiWIPPARTB/REV5CR:Glossary 22 of 28 760336.02 01/12/96 1:10pm 



WIPP RCRA Part B Permit Application 
DOEANIPP 91-005 

Revision 5.2 

Sampling Batch-A suite of samples of a similar matrix (i.e., gas or solid) collected 
consecutively using the same sampling equipment within a specific time period. A 
sampling batch can be up to 20 samples (excluding field QC samples), all of which must 
be collected within 14 days of the first sample in the batch. 

1 

2 

3 

4 

Seal-An engineered barrier designed to isolate the waste and to impede fluid flow in 5 

the shafts or drifts. 6 

Seismic Risk Zone-A designation of a geographic region expressing the maximum 1 

intensity of earthquakes that could be expected there. 8 

Shaft-A man-made hole, either vertical or steeply inclined, that connects the 9 

surface with the underground workings of a mine. 10 

Shaft Pillar-The cylindrical volume of rock around a shaft from which major 11 

underground openings are excluded in order that they not weaken the shaft. 12 

Shipper-A TRU Waste Generator/Storage Site which releases a TRUPACT-11 or RH-TRU 13 

72-B Cask to a carrier for shipment. 14 

Site Characterization-The process of making geologic and environmental studies to 15 

identify potential sites for mined geologic repositories. Detail site 16 

characterization goes further: additional data are collected that would be necessary 11 

if a license application were to be submitted. 18 

Site-Specific Waste Profile-Represents a WMCG at a particular DOE TRU waste 19 

generator/storage site. That is, one or more waste stream profiles, at a particular 20 

DOE TRU waste site that have been placed in the same WMCG are summarized in the site- 21 

specific waste profile. 22 

Sludge-Refers to de-watered contact-handled transuranic wastes containing both 23 

organic and inorganic constituents that must meet the Waste Acceptance Criteria for 24 

shipment and disposal at the Waste Isolation Pilot Plant repository. High sludges are 25 

contact-handled transuranic waste where the sludge component constitutes 50 percent 26 

or more of the waste volume; low sludges are the same type of waste containing less 21 

than 50 percent by volume of sludge. 28 

Solid Waste Management Unit (SWMU)-A discernible unit at which solid wastes have 29 

been placed at any time, irrespective of whether the unit was intended for the 30 

management of solid or hazardous waste as defined in 20 NMAC 4.1 Subpart V §264.501. 31 

Solubility-The ability or tendency of one substance to blend uniformly with another 32 

(e.g., solid in liquids, liquid in liquid, gas in liquid, and gas in gas). Solids vary 33 

from O to 100 percent in their degree of solubility in liquids depending on the 34 

chemical nature of the substance(s); to the extent that they are soluble, they lose 35 

their crystalline form and become molecularly or ionically dispersed in the solvent 36 
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to form a true solution. Liquids and gases are often said to be miscible in other 
2 liquids and gases rather than soluble. 
3 

4 Solute-A substance which is dissolved in another substance called the solvent. The 
5 solute is uniformly dispersed in the solvent either molecularly or ionically. 
6 

1 Solvent-A substance capable of dissolving another substance (solute) to form a 
8 uniform dispersed mixture (solution) at the molecular or ionic level. Solvents are, 
9 accordingly, characterized as either polar or non-polar. Water is strongly polar; 

10 hydrocarbon solvents are non-polar. 
11 

12 Sorption-The binding on a microscopic scale of one substance to another, such as by 
13 adsorption or ion exchange. 
14 

15 Standard Deviation-The square root of the variance of a set of values. 
16 

11 Standard Waste Box (SWB)-A waste container measuring approximately 6 by 4.5 by 3 feet 
18 high, with rounded ends and has a capacity of 64 cubic feet. 
19 

20 Storage Facility-A facility that holds hazardous waste for a temporary period, at 
21 the end of which the hazardous waste is treated, disposed of, or stored elsewhere. 
22 

23 Stratigraphic-Involves the science and study of the origin, composition, and proper 
24 sequence in which various rock strata were layered during various geological ages. 
25 Used in this text to describe geological layered formations above and below the WIPP 
26 repository and their physical characteristics. 
27 

28 Summa= Canister-A stainless steel pressure vessel with Summae passivated interior surfaces 
29 for the collection and storage of gas samples. The Summae passivation process involves the 
30 formation of chromium-nickel oxide on the interior surface of the canister. This type of canister 
31 is used for sample storage stability of many specific organic compounds. 
32 

33 Summary Category Group-A group of summary categories assigned to each waste stream 
34 identified by generators to facilitate RCRA waste characterization and reflect the physical form 
35 of the waste. 
36 

37 Supercompacted Waste-Supercompaction is a volume reduction process. 
38 

39 Swipe Samples-The presence of contaminants may be ascertained by applying a Kim-wipe TM 

40 or equivalent to the surface of the potentially contaminated item and measuring the amount of 
41 contaminant on the Kim-wipe™. 
42 

43 Tamarisk Member-Middle anhydrite layer of Rustler Formation. 
44 

45 Target Compounds-Those gases, VOCs, semi-VOCs, and metals identified by the Program as 
46 analytes. 
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Tentatively Identified Compounds (TICS)-Non-target compounds identified using GC/MS. 1 

These reported concentrations will have a higher uncertainty associated with them than the 2 

reported target analyte concentrations. 3 

Testing Batch-A suite of waste containers undergoing radioassay or radiography using the 4 

same testing equipment. A testing batch can be up to 20 waste containers without regard to 5 

waste matrix. 6 

Toxicity-The ability of a substance to cause damage to living tissue, impairment of the central 1 

nervous system, severe illness or, in extreme cases, death when ingested, inhaled, or absorbed 8 

by the skin. 9 

Toxicity Characteristic Leaching Procedure (TCLP)-The TCLP is designed to determine the 10 

mobility of both organic and inorganic contaminants in liquids, solids, and multiphasic wastes. 11 

Originally promulgated in the November 7, 1986 Solvents and Dioxins Rule, this testing 12 

procedure was initiated for evaluation of the solvent- and dioxin-containing wastes prior to land 13 

disposal. Effective September 25, 1990 (for large quantity generators), or March 29, 1991 (for 14 

small quantity generators), the TCLP replaced the EP Tax Test for determining if a waste 15 

exhibits the hazardous characteristic of toxicity. In addition, under the TCLP rule, 26 16 

contaminants were added to the original 14 contaminants subject to toxicity characteristic 11 

determination. 18 

Transuranic Package Transporter (TRUPACD-11-Package designed to transport contact- 19 

handled TRU mixed waste to the WIPP site-It is a cylinder with a flat bottom and a domed top 20 

that is transported in the upright position. 21 

Transuranic (TRU) Waste-The term "transuranic waste" means waste containing more than 22 

100 nanocuries of alpha-emitting transuranic isotopes per gram of waste, with half-lives greater 23 

than 20 years, except for: (1) high-level radioactive waste, (2) waste that the Secretary has 24 

determined, with the concurrence of the Administrator, does not need the degree of isolation 25 

required by the disposal regulations, or (3) waste that the Nuclear Regulatory Commission has 26 

approved for disposal on a case-by-case basis in accordance with 10 CFR 61. 21 

Treatment-Means any method, technique, or process, including neutralization, designed to 28 

change the physical, chemical, or biological character or composition of any hazardous waste 29 

so as to neutralize such waste, or so as to recover energy or material resources from the waste, 30 

or as to render such waste non-hazardous, or less hazardous; safe to transport, store, or dispose 31 

of; or amenable for recovery, amenable for storage, or reduced in volume. 32 

TR UCON Code-A type of shorthand representation of the chemical content and physical waste 33 

form of generator waste streams for use in the TRUPACT-11 transportation safety analysis. 34 

TRU Mixed Waste-TRU waste that is co-contaminated with hazardous constituents as identified 35 

in 20 NMAC 4.1 Subpart II (40 CFR 261 ), Subparts C and D. 36 

ALJ11-95/VVPJWIPPARTB/REV5CR:Glossary 25 of 28 760336.02 01/12/96 1:10pm 



WIPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 
Revision 5.2 

TRUPACT-11 Authorized Methods for Payload Control (TRAMPAC)-A site-specific document 
2 describing the activities applicable to the TRUPACT-11 methods for payload control compliance 
3 defined in the Certificate of Compliance for the TRUPACT-11 issued by the NRC. 
4 

5 TRUPACT-11 Content Codes (TRUCON)-A document containing a description of the waste 
6 stream, waste form, and package configuration for each waste content code authorized for 
7 shipment in TRUPACT-11. 
8 

9 Type A Packaging-Means a packaging designed to retain the integrity of containment and 
10 shielding required under normal conditions of transport as demonstrated by the tests set forth 
11 for Type A packaging in 49 CFR 173.465 or 173.466, as appropriate. 
12 

13 Uninterruptible Power Supply (UPS)-A power supply that provides automatic, instantaneous 
14 power, without delay or transients, on failure of normal power. It can consist of batteries or full-
15 time operating generators. It can be designated as standby or emergency power depending on 
16 the application. Emergency installations must meet the requirements specified for emergency. 
17 

18 Unit Boundary-In the context of 4Pn~mBH268.6, the unit boundary is that the point at which 
19 "migration" occurs if hazardous consHfue.n"fo pass that point in concentrations exceeding health-
20 based levels. 
21 

22 Unknown Waste Stream-Those waste streams for which there is insufficient process knowledge 
23 to assign a specific WasteMatrixCode. Unknown waste streams will not be shipped to WIPP. 
24 

25 Validation-An activity that demonstrates or confirms that a process, item, data set, or service 
26 satisfies the requirements defined by the user. 
27 

28 Validated Time of Sample Receipt (VTSR)-The documented date and time on which a sample 
29 is received at the analytical facility, as recorded on the chain-of-custody. 
30 

31 Variance-A measure of the dispersion of a series of results around their average. It is the sum 
32 of the squares of the individual deviations from the average of the results, divided by the number 
33 of results minus one. 
34 

35 Verification-The act of authenticating or formally asserting the truth that a process, item, data 
36 set or service is, in fact, that which is claimed. Data verification is the process used to confirm 
37 that all review and validation procedures have been completed. 
38 

39 Void Volume-The physically unoccupied volume of space within a container. 
40 

41 Volatile Organic Compounds (VOCs)-RCRA-regulated organic compounds which readily pass 
42 into the vapor state and are present in contact-handled transuranic mixed waste. 
43 

44 Waste Acceptance Criteria (WAC)-A set of conditions established for permitting transuranic 
45 wastes to be packaged, shipped, managed, and disposed of at the Waste Isolation Pilot Plant. 
46 
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Waste Analysis-Obtaining a detailed chemical and physical analysis of a representative sample 
of a waste. The analysis may include data developed using sampling and laboratory analysis, 
as well as existing published or documented data on the waste or on a waste generated from 
similar processes. 

Waste Analysis Plan (WAP)-Document describing the procedures that will be carried out at a 
facility to obtain chemical and physical analyses of each waste managed that contain all the 
information that must be known to treat, store, or dispose of the waste in accordance with 40 
CFR 264.13. 

Waste Characterization-Sampling, monitoring, and analysis activities to determine the nature 
of the waste. 

Waste Characterization Program-The processes of transuranic waste analysis to support the 
No-Migration Determination, Part B of the Resource Conservation and Recovery Act permit 
application, other permits, and transportation requirements. These analyses include 
documentation of waste generation processes, visual characterization of waste components, 
Real-Time Radiography analysis, and passive-active neutron waste assay for radionuclide 
content. Waste matrix and headspace gas chemical analyses are also part of the 
characterization program. 

Waste Container-A disposable containment vessel for waste materials including integral liner 
or shielding materials intended for emplacement at the WIPP (e.g., 55-gallon waste drums or 
waste boxes). 

Waste Form-The physical form of the waste such as sludges, combustibles, metals, etc. 

Waste Isolation Pilot Plant (WIPP)-(1) The project authorized under Section 213 of the DOE 
National Security and Military Applications of Nuclear Energy Authorization Act of 1980 (Public 
Law 96-164; 93 Stat. 1259, 1265) to demonstrate the safe, and environmentally sound, disposal 
of radioactive waste materials generated by atomic energy defense activities. (2) A research and 
development facility, located near Carlsbad, New Mexico, to be used for demonstrating a 
practical, long-term solution to a complex problem: the safe disposal in deep geologic 
repositories of TRU waste resulting from DOE activities. (3) The WIPP has two primary 
objectives. First, the WIPP is investigating the behavior of salt rock and interactions between 
the salt rock and radioactive wastes in a variety of forms. Second, the WiPP seeks to 
demonstrate the safe and efficient handling, transportation, and disposal of TRU waste in an 
actual facility. 

Waste Items-Easily identifiable discrete pieces/chunks of waste (e.g., raschig rings). 

Waste Matrix-The material that surrounds and contains the waste and to some extent protects 
it from being released into the surrounding rock and groundwater. Only material within the 
canister (or drum or box) that contains the waste is considered part of the waste matrix. 
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1 Waste Matrix Code (WMC)-A DOE-developed coding system for organizing waste streams by 
2 their physical and chemical properties. A WMC is assigned to each waste stream by the DOE 
3 TRU waste generator/storage site. The WMC for each waste stream can be found in the Mixed 
4 Waste Inventory Report (DOE, 1994a). This coding system allows waste streams within the DOE 
5 TRU waste system that have similar physical and chemical waste form properties to be 
6 categorized together. WMCs also have been called "waste treatability codes" in other DOE 
7 documents. 
8 

9 Waste Matrix Code Group (WMCG)-Consists of a series of WMCs that for SP or PA purposes 
10 has similar physical and chemical properties. 
11 

12 Waste Shipment Irregularities-Anything considered out of the ordinary with respect to shipping 
13 papers or the physical condition of a shipment. 
14 

15 Waste Stream-Waste material generated from a single process or from an activity that is similar 
16 in material, physical form, isotopic make-up, and hazardous constituents. 
17 

18 Waste Stream Lot-A portion of a waste stream identified for the purpose of facilitating random 
19 sampling. 
20 

21 Waste Stream Profile-A description of a CH-TRU or RH-TRU waste stream destined for 
22 shipment to and disposal in WIPP, if authorized under permits and certifications by appropriate 
23 regulatory agencies for disposal in the WIPP repository. The waste stream profile is presented 
24 in tabular format and is intended to provide a summary of the important information about a 
25 particular waste stream. 
26 
27 Waste Stream Site ID-A site-specific alphanumeric identification code which provides a unique 
28 identifier for an individual TRU waste stream. 
29 

30 Waste Stream Unique Identifier-Identifiers assigned to a specific waste stream at a specific 
31 facility. 
32 

33 Waste Type-A numerical designator ranging from one to four that indicates if the waste is a 
34 solidifed inorganic, solid inorganic, solid organic, or solidifed organic. 
35 
36 WIPP Waste Information System (WWIS)-The system tracking content and location of 
37 transuranic waste at WIPP. 
38 

39 WIPP Waste Profile-Represents a summary of TRU waste at all DOE TRU waste generator/ 
40 storage sites that have an identical WMCG. 
41 

42 Working Agreement-Appendix B of the Agreement of Consultation and Cooperation, which sets 
43 forth the working details of that Agreement. 
44 

45 

46 
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AAMS 
AASHTO 
AC 
ACOW 
ac 
ACFM 
ADF 
AEC 
AMS 
ANL 
ANSI 
AR 
ASER 
ASME 
ASTM 
BECR 
BGS 
BLM 
BSEP 
oc 
CA 
CAO 
CAR 
CEO 
CE RC LA 
CFR 
CH 
cm 
CMR 
CMRO 
coc 
cow 
CV 
CWA 
D 
DA 
D&D 
DOE 
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ABBREVIATIONS AND ACRONYMS 

ambient air-monitoring station 
American Association of State Highway and Transportation Officials 
alternating current 
Assistant Chief Office Warden 
acre(s) 
actual cubic feet per minute 
Air Dispersion Factor 
Atomic Energy Commission 
atmospheric monitoring station 
Argonne National Laboratory 
American National Standards Institute 
Action Request 
Annual Site Environmental Report 
American Society of Mechanical Engineers 
American Society for Testing and Materials 
(WIPP) Biennial Environmental Compliance Report 
below ground surface 
(U.S. Department of the Interior) Bureau of Land Management 
Brine Sampling and Evaluation Program 
degrees Celsius 
controlled area 
Carlsbad Area Office 
Corrective Action Report 
Council on Environmental Quality 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
contact-handled 
centimeter(s) 
Central Monitoring Room 
Central Monitoring Room Operator 
Chain of Custody 
Chief Office Warden 
Coefficient of Variation 
Clean Water Act 
Dominant 
Data Administrator 
Decommissioning and Decontamination 
U.S. Department of Energy 
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DOI 
DOL 
DOT 
dpm 
DQO 
DRZ 
EEG 
EMP 
EOC 
EPA 
ERT 
ES&H 
EST 
OF 

FLIRT 
FR 
FSM 
ft 
gal 
GC/MS 
GET 
H&RMB 
ha 
HAZMAT 
HAZOPS 
HEAST 
HEPA 
HPCL 
hr 
HVAC 
HWA 
HWMR 
HWMU 
IDL 
in. 
IDC 
INEL 
IRIS 

ABBREVIATIONS AND ACRONYMS 
(CONTINUED) 

U.S. Department of the Interior 
U.S. Department of Labor 
U.S. Department of Transportation 
disintegrations per minute 
Data Quality Objective 
Disturbed Rock Zone 
Environmental Evaluation Group 
Environmental Monitoring Plan 
Emergency Operations Center 
U.S. Environmental Protection Agency 
Emergency Response Team 
Environment, Safety, and Health Department 
Emergency Services Technician 
degrees Fahrenheit 
First Line Initial Response Team 
Federal Register 
Facility Shift Manager 
foot (feet) 
gallon(s) 
gas chromatography/mass spectrometry 
General Employee Training 
(NMED) Hazardous and Radioactive Materials Bureau 
hectare(s) 
Hazardous Material 
Hazard Operability Study 
Health Effects Assessment Summary Tables 
high efficiency particulate air (filter) 
High Pressure Liquid Chromotrogrphy 
hour(s) 
heating, ventilation (and) air-conditioning (systems) 
Hazardous Waste Act 
(New Mexico) Hazardous Waste Management Regulations 
hazardous waste management unit 
Instrument Detection Limits 
inch(es) 
Item Description Code 
Idaho National Engineering Laboratory 
Integrated Risk Information System 
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ISC 
kg 
km 
kPa 
kmph 
L 
lb 
LWA 
m 
mi 
min 
mm 
M 
MDL 
MOC 
MOU 
mph 
MRT 
MSDS 
MSHA 
NAS 
NEPA 
NES 
NESHAPs 
NFPA 
NIST 
NM 
NMAC 
NMD 
NMED 
NMSHD 
NMVP 
NRC 
NTP 
NWS 
OJT 
OPRR 
ORNL 
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ABBREVIATIONS AND ACRONYMS 
(CONTINUED) 

Industrial Source Complex 
kilogram(s) 
kilometer(s) 
kilopascal(s) 
kilometers per hour 
liter(s) 
pound(s) 
Land Withdrawal Act 
meter(s) 
mile(s) 
minute(s) 
millimeter(s) 
Minor 
Method Detection Limit 
Management and Operating Contractor 
Memorandum of Understanding 
mile(s) per hour 
Mine Rescue Team 
Material Safety Data Sheet 
Mine Safety and Health Administration 
National Academy of Science 
National Environmental Policy Act 
nonradiological environmental surveillance 
National Emission Standards for Hazardous Air Pollutants 
National Fire Protection Association 
National Institute of Standards and Technology 
New Mexico 
New Mexico Administrative Code 
No-Migration Determination 
New Mexico Environment Department 
New Mexico State Highway Department 
No-Migration Variance Petition 
U.S. Nuclear Regulatory Commission 
National Transuranic Programs 
National Weather Service 
On the Job Training 
Overpack and Repair Room 
Oak Ridge National Laboratory 
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OSHA 
OVA 
oz 
Pa 
PA 
PCB 
PDP 
PMP 
PMS 
POD 
PPA 
PPE 
ppm 
ppmv 
PRDL 
PRQL 
PRS 
psig 
PVC 
QA 
QAO 
QAPjP 
QAPD 
QAPP 
QC 
R 
RADCON 
RC 
RCRA 
RFA 
RFETS 
RH 
RIDS 
RPD 
RSD 
RTR 
RTL 
RWP 

ABBREVIATIONS AND ACRONYMS 
(CONTINUED) 

Occupational Safety and Health Administration 
Organic Vapor Analyzer 
Ounces 
Pascal 
performance assessment 
polychlorinated biphenyl 
Performance Demonstration Program 
probable maximum precipitation 
permanent marker system 
Plan of the Day 
Property Protection Area 
personal protective equipment 
part(s) per million 
part(s) per million by volume 
Program Required Detection Limits 
Program Required Quantitation Limit 
Project Records Services 
Pounds per Square Inch 
polyvinylchloride 
Quality Assurance 
Quality Assurance Objectives 
Quality Assurance Project Plan 
Quality Assurance Program Description 
Quality Assurance Program Plan 
Quality Control 
Recovery 
Radiological Control 
Radiological Control 
Resource Conservation and Recovery Act 
RCRA Facility Assessment 
Rocky Flats Environmental Technology Site 
remote-handled 
Records Inventory Disposition Schedule 
Relative Percent Difference 
Relative Standard Deviation 
real-time radiography 
Regulatory Toxicity Levels 
radiological work permit 
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SAR 
SARA 
SAT 
SCFM 
sos 
SH 
SME 
SNL 
SNS 
SPDV 
SQL 
SWB 
SWP 
T 
TC 
TCLP 
TOOP 
TIC 
TRAMPAC 
TRANSCOM 
TRU 
TR UCON 
TRUDOCK 
TRUPACT-11 
TSCA 
TWA 
UCL90 

UPS 
v 
VHS 
voe 
WAC 
WAP 
WCIWG 
WHB 
WID 
WIPP 
WMCG 

WIPP RCRA Part B Permit Application 
DOE!WIPP 91-005 

Revision 5 

ABBREVIATIONS AND ACRONYMS 
(CONTINUED) 

Safety Analysis Report 
Superfund Amendments and Reauthorization Act 
Systematic Approach to Training 
standard cubic foot (feet) per minute 
Subsidence Data Study 
salt handling 
Subject Matter Expert 
Sandia National Laboratories 
Site Notification System 
site and preliminary design validation 
Sample Quantitation Limit 
standard waste box 
safe work permit 
Trace 
Toxicity Characteristic 
toxicity characteristic leaching procedure 
ten-drum overpack 
tentatively identified compound 
TRUPACT-11 Authorized Methods for Payload Control 
Transportation Tracking and Communications System 
transuranic 
TRUPACT-11 Content Codes 
TRUPACT-11 Unloading Dock 
Transuranic Package Transporter 
Toxic Substances Control Act 
Time-Weighted Average 
upper 90-percent confidence limit 
uninterruptible power supply 
volt(s) 
vent-hood system 
volatile organic compound 
waste acceptance criteria 
waste analysis plan 
TRU Waste Characterization Interface Working Group 
Waste Handling Building 
Waste Isolation Division 
Waste Isolation Pilot Plant 
Waste Matrix Code Group 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

WQSP 
2 WTWBIR 
3 WVVIS 

ABBREVIATIONS AND ACRONYMS 
(CONTINUED) 

Water Quality Sampling Program 
WIPP Transuranic Waste Baseline Inventory Report 
WIPP Waste Information System 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, 
PART 1 REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

A PART A PERMIT APPLICATION Subpart IX, §270.10 
Subpart IX, §270.11 
Subpart IX, §270.13 

B FACILITY DESCRIPTION Subpart IX, §270.14(b)(1) 

B-1 General Description Subpart IX, §270.14(b)(1) 

B-1a Waste Description Subpart IX, §270.14(b)(1) 

B-1b The Disposal Phase Subpart I, §260.10 
Subpart IX, §270.14(b)(1) 

B-1b(1) Surface Hazardous Waste Management Units Subpart I, §260.10 
Subpart IX, §270.14(b)(8) 
Subpart IX, §270.14(d)(1) 

B-1b(2) Underground Hazardous Waste Management Units Subpart I, §260.1 o 
Subpart IX, §270.14(b)(8) 
Subpart IX, §270.14(d)(1) 

B-1 b(3) Description of Containers Subpart §260.10 
Subpart §270.14(b)(8) 

B-1c The WIPP Site Subpart IX, §270.14(b)(1) 
Subpart IX, §270.14(b)(19)(x) 

B-2 Topographic Map Subpart IX, §270.14(b)(19) 
Subpart IX, §270.14(c)(3) 

B-2a General Requirements Subpart IX, §270.14(b)(19) 
Subpart IX, §270.14(c)(3) 

B-2b Additional Requirements for Land Disposal Subpart V, §264, Subpart CC 
Facilities Subpart V, §264.90(b)(2) 

Subpart V, §264.95 
Subpart IX, §270.14(b)(19)(vii) 
Subpart IX, §270.14(c)(3) 

B-3 Location Information Subpart IX, §270.14(b)(11) 

B-3a Seismic Standard Subpart V, §264.1 S(a) 
Subpart V, Appendix VI 
Subpart IX, §270.14(b)(11)(i) 
Subpart IX, §270.14(b)(11)(ii) 

B-3b Floodplain Standard Subpart V, §264.1 S(b) 
Subpart IX, §270.14(b)(11 )(iii) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

8-3b(1) Demonstration of Compliance Subpart V, §264.18(b)(1) 
Subpart V, §264.18(b)(2)(i) 
Subpart IX, §270.14(b)(11)(iii) 

8-3b(2) Plan for Future Compliance with Floodplain Subpart V, §264.18(b)(1) 
Standard Subpart V, §264.18(b)(2)(i) 

Subpart IX, §270.14(b)(11)(iii) 

B-3b(3) Waiver for Land Storage and Disposal Facilities Subpart V, §264.18 (b)(1) 
Subpart V, §264.18(b)(2)(i) 
Subpart IX, §270.14(b)(11)(iii) 

8-4 Traffic Information Subpart IX, §270.14(b)(10) 
Subpart IX, §270.14(b)(19)(viii) 
Subpart IX, §270.14(b)(19)(x) 

c WASTE ANALYSIS PLAN Subpart II, Appendix I 
Subpart Ill, §262.11 
Subpart V, §264.13 
Subpart VIII, §268.35(d) 
Subpart VIII, §268.7 
Subpart X, §270.14(b)(2) 
Subpart X, §270.14(b)(3) 
Subpart V, §264.71 
Subpart V, §264. 72 

C-1 Facility Description Subpart IX, §270.14(b)(1) 

C-1a Description of Processes and Activities at the Subpart V, §264.71 
WIPP Subpart V, §264. 72 

Subpart IX, §270.14(b)(2) 
Subpart IX, §270.14(b)(3) 

C-1b Identification of TRU Mixed Waste Managed at the Subpart I, §260.10 
WIPP Facility Subpart II, §261, Subpart C 

Subpart II, §261, Appendix VIII 
Subpart II, §261.24 
Subpart II, §261.31 
Subpart V, §264. 75 
Subpart V, Appendix V 
Subpart VIII, §268, Subpart D 
Subpart VIII, §268.2 
Subpart VIII, §268.2(g) 
Subpart VIII, §268.2(h) 
Subpart VIII, §268.45 
Subpart IX, §270.14(b)(2) 
Subpart IX, §270.14(b)(3) 

C-1c Waste-Generating Processes Subpart Ill, §262 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

C-1d Description of HWMUs Subpart IX, §270.14(b}(1) 

C-2 Waste Parameters Subpart V, §264.13(b}(1) 
Subpart X, §270.14(b}(2) 

C-2a Selecting Waste Analysis Parameters Subpart I, §261.31 
Subpart II, §261, Appendix VIII 
Subpart II, 261.24 
Subpart V, §264.13(b}(1) 

C-2b Criteria and Rationale for Parameter Selection Subpart II, §261 
Subpart V, §264.13(b) 
Subpart IX, §270.14(b)(2) 

C-3 Characterization Techniques and Frequency Subpart V, §264.13 
Subpart V, §264, Appendix IX 
Subpart IX, §270.14(b)(3) 
40 CFR, §268.7 

C-3a Newly Generated Waste Subpart V, §264.13 
Subpart V, §264, Appendix IX 
Subpart IX, §270.14(b)(3) 
40 CFR §268. 7 

C-3b Retrievably Stored Waste Subpart V, §264.13 . 
Subpart V, §264, Appendix IX 
Subpart IX, §270.14(b}(3) 
40 CFR §268. 7 

C-4 Characterization Methods Subpart V, §264.13 (b)(1) 
Subpart V, §264.13(b)(2) 
Subpart V, §264.13(b)(3) 
Subpart IX, §270.14(b}(3) 

C-4a Sampling and Analytical Methods Subpart V, §264.13(b)(1) 
Subpart V, §264.13(b}(2) 
Subpart V, §264.13(b}(3) 
Subpart IX, §270.14.(b)(3) 

C-4b Acceptable Knowledge Subpart V, §264.13(b}(1) 
Subpart V, §264.13(b}(2) 
Subpart V, §264.13(b)(3) 
Subpart IX, §270.14.(b}(3) 

C-4c RTR Subpart V, §264.13(b)(1) 
Subpart V, §264.13(b}(2) 
Subpart V, §264.13(b}(3) 
Subpart IX, §270.14.(b}(3) 

•Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

C-4d Quality Assurance Sampling and Analysis Subpart II, §261, Appendix VIII 
Requirements Subpart V, §264.13(a)(1) 

Subpart V, §264.13(a)(4) 
Subpart V, §264.13(c) 

C-5 Verification for TRU Mixed Waste Subpart V, §264.13(a)(1) 
Subpart V, §264.13(a)(4) 
Subpart V, §264.13( c) 
Subpart IX, §270.14(b){3) 

C-5a Phase I Waste Stream Screening and Verification Subpart V, §264.13(a)(1) 
Subpart V, §264.13(a)(4) 
Subpart V, §264.13( c) 
Subpart IX, §270.14(b){3) 

C-5b Phase II Waste Shipment Screening and Subpart V, §264.13(a)(1) 
Verification Subpart V, §264.13(a)(4) 

Subpart V, §264.13(c) 
Subpart IX, §270.14(b)(3) 

D FACILITY AND PROCESS INFORMATION Subpart IX, §270.14 
Subpart IX, §270.23 

D-1 Containers Subpart V, §264, Subpart I 
Subpart IX, §270.15 

' 
D-1a Containers with Free Liquids Subpart V, §264.175 

Subpart IX, §270.15(a) 

D-1a(1) Description of Containers Subpart V, §264.171 
Subpart IX, §270.15(a) 

D-1a(2) Container Management Practices Subpart V, §264.173 
Subpart IX, §270.15(a) 

D-1a(3) Inspections Subpart V, §264.174 
Subpart IX, §270.15(a) 

D-1a(4) Containment Subpart V, §264.174 
Subpart IX, §270.15(a) 

D-1a(5) Special Requirements for Ignitable or Reactive Subpart V, §264.176 
Waste and special Requirements for Incompatible Subpart V, §264.177 
Waste Subpart IX, §270.15(c) 

Subpart IX, §270.15(d) 

D-1a(6) Closure Subpart V, §264.178 
Subpart IX, §270.14(b)(13) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

D-1a(7) Control of Run On Subpart V, §264.175(b)(4) 
Subpart IX, §270.15(a)(2) 

D-1b Closure Subpart V, §264.178 
Subpart IX, §270.14(b)(13) 

D-2 Tank Systems Subpart V, §264, Subpart J 
Subpart IX, 270.16 

D-3 Waste Piles Subpart V, §264, Subpart L 
Subpart IX, §270.18 

D-4 Surface Impoundments Subpart V, §264, Subpart K 
Subpart IX, §270.17 

D-5 Incinerators Subpart V, §264, Subpart 0 
Subpart IX, §270.19 

D-6 Landfills Subpart V, §264, Subpart N 
Subpart IX, §270.21 

D-7 Land Treatment Subpart V, §264, Subpart M 
Subpart IX, §270.20 

D-8 Drip Pads Subpart V, §264, Subpart W 
Subpart IX, §270.26 

D-9 Miscellaneous Unit Subpart V, §264, Subpart X 
Subpart V, §264.601 
Subpart V, §264.602 
Subpart IX, §270.23(a)(1) 
Subpart IX, §270.23(a)(2) 

D-9a Description of the Miscellaneous Unit Subpart V, §264.601 
Subpart V, §264.602 
Subpart IX, §270.23(b) 

D-9a(1) Site Characteristics Subpart V, §264.601 
Subpart IX, §270.23 

D-9b Environmental Performance Standards for the Subpart V, §264.601 
Miscellaneous Unit Subpart V, §264.602 

Subpart IX, §270.23(c) 

D-9b(1) Potential for Releases Subpart V, §264.601 
Subpart IX, §270.23(b) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOEAVIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

D-9b(2) Protection of Groundwater Subpart V, §264.601 (a) 
Subpart V, §264.92 
Subpart V, §264.93 
Subpart V, §264.94 
Subpart V, §264.95 
Subpart V, §264.96 
Subpart V, §264.97 
Subpart V, §264.98 
Subpart V, §264.99 
Subpart V, §264.100 
Subpart V, §264.101 
Subpart IX, §270.23 
Subpart IX, §270.14(c) 

D-9b(3) Protection of Surface Water, Wetlands, and Soil Subpart V, §264.601 (b) 
Surface Subpart IX, §270.23 

D-9b(4) Protection of the Atmosphere Subpart V, §264.601 (c) 
Subpart IX, §270.23 

D-10 Facility Design and Process Description Subpart V, §264.601 (a)(2) 
Subpart V, §264.601 (b)(4) 
Subpart V, §264.601(c)(4) 
Subpart IX,§270.14(b)(1) 
Subpart IX, §270.15 
Subpart IX, §270.23(a) 

D-10a Process Description Subpart V, §264.601(c)(4) 
Subpart IX,§270.14(b)(1) 
Subpart IX, §270.15 
Subpart IX, §270.23(a) 

D-10a(1) Description of Waste and Containment Subpart V, §264.601 (a)(2) 
Subpart V, §264.601 (b)(4) 
Subpart V, §264.601 (c)(4) 
Subpart IX,§270.14(b)(2) 
Subpart IX, §270.15 
Subpart IX, §270.23(a) 

D-10a(2) Facility Design and Construction Subpart V, §264.601 (a)(2) 
Subpart V, §264.601 (b)(4) 
Subpart IX,§270.14(b)(1) 
Subpart IX, §270.15 
Subpart IX, §270.23 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

D-10a(3) TRU Mixed Waste Management Operations Subpart V, §264.601 {a)(2) 
Subpart V, §264.601 {b)(4) 
Subpart IX,§270.14(b}(1) 
Subpart IX, §270.15 
Subpart IX, §270.23 

D-10b Waste Characterization Subpart V, 13 
Subpart VIII, §268.7 
Subpart IX,§270.14(b}(2) 

D-10c Treatment Effectiveness Subpart I, §260.10 

D-10d ·Monitoring, Inspection, and Reporting Subpart V, §264.602 
Subpart VIII, §268.6 
Subpart IX, §270.23 
Subpart IX, §270.31 

D-10d(1) Monitoring Subpart V, §264.90(b}(4) 
Subpart V, §264.117 
Subpart VIII, §268.6 

D-10d(2) Inspection Subpart V, §264.15 
Subpart V, §264.33 

D-10d(3) Reporting Subpart V, §264. 75 
Subpart V, §264. 76 
Subpart V, §264.56U) 
Subpart V, §264.101 
Subpart V, §264.115 
Subpart VIII, §268.6 

E GROUNDWATER MONITORING Subpart V, §264, Subpart F 

E-1 Compliance with Groundwater Protection Subpart V, §264.90(b}(4) 
Requirements Subpart IX, §270.14{c) 

E-1a Waste Piles Subpart V, §264, Subpart L 
Subpart IX, §270.18 

E-1b Landfill Subpart V, §264, Subpart N 
Subpart IX, §270.21 

E-1c No Migration Subpart V, §264, Subpart F 
Subpart V, §264.601 
Subpart V, §264.602 
Subpart IX, §270.23 

E-2 Interim-Status Groundwater Monitoring Data Subpart VI, §265.90{c) 

E-3 General Hydrogeologic Information Subpart IX, §270.14{b)(11) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOEM/IPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

E-3a Topic 1-Climatology Subpart IX, §270.14(b)(11) 

E-3b Topic 2-Surface Hydrology and Water Balance Subpart IX, §270.14(b)(11) 

E-3c Topic 3-Castile Hydrology Subpart IX, §270.14(b)(11) 

E-3d Topic 4-Salado Hydrology Subpart IX, §270.14(b)(11) 

E-3e Topic 5-Rustler Hydrology Subpart IX, §270.14(b)(11) 

E-4 Topographic Map Requirements Subpart IX, §270.14(b)(19) 

E-5 Contaminant Plume Description Subpart IX, §270.14(c)(4) 

E-6 General Monitoring Program Requirements Subpart V, §264.97 
Subpart V, §264.602 

E-7 Detection Monitoring Program Subpart V, §264.94 
Subpart V, §264.95 
Subpart V, §264.97 
Subpart V, §264.99 
Subpart V, §264.98 
Subpart V, §264.602 
Subpart IX, 270.23 

E-8 Compliance Monitoring Program Subpart V, §264.601 (a) 
Subpart V, §264.602 
Subpart IX, §270.23 

E-9 Corrective Action Program Subpart V, §264.100 
Subpart V, §264.101 

Appendix E1 RCRA Groundwater Protection Information, Subpart V, Subpart 1 
Waste Isolation Pilot Plant Subpart V, §264.601 

Subpart V, §264.602 
Subpart V, §264.603 
Subpart IX, §270.23 

F PROCEDURES TO PREVENT HAZARDS Subpart IX, §270.14(b)(4) 
Subpart IX, §270.14(b)(5) 
Subpart IX, §270.14(b)(6) 
Subpart IX, §270.14(b)(8) 
Subpart IX, §270.14(b)(9) 
Subpart IX, §270.15(c) 

F-1 Security Subpart V, §264.14 
Subpart IX, §270.14(b)(4) 

F-1a Security Procedures and Equipment Subpart V, §264.14(b) 
Subpart V, §264.14(c) 
Subpart IX, §270.14(b)(4) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 19~. 
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WIPP RCRA Part B Permit Application 
DOE!WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

F-1a(1) 24-Hour Surveillance System Subpart V, §264.14(b)(1) 
Subpart IX, §270.14(b)(4) 

F-1a(2) Barrier and Means to Control Entry Subpart V, §264.14(b)(2) 
Subpart IX, §270.14(b)(4) 
Subpart IX, §270.14(b)(19)(viii) 

F-1a(3) Warning Signs Subpart V, §264.14(c) 
Subpart IX, §270.14(b)(4) 
Subpart IX, §270.14(b)(19)(viii) 

F-1b Waiver Subpart V, §264.14(a) 

F-2 Inspection Schedule Subpart V, §264.15 
Subpart V, §264.33 
Subpart V, §264.174 
Subpart V, §264.193(i) 
Subpart V, §264.195 
Subpart V, §264.226 
Subpart V, §264.254 
Subpart V, §264.273 
Subpart V, §264.303 
Subpart V, §264.347 
Subpart V, §264.602 
Subpart IX, §270.14(b)(5) 

F-2a General Inspection Requirements Subpart V, §264.15(b)(4) 
Subpart V, §264.33 
Subpart V, §264. 17 4 
Subpart V, §264.602 
Subpart IX, §270.14(b)(5) 

F-2a(1) Types of Problems Subpart V, §264.15(b)(3) 
Subpart IX, §270.14(b)(5) 

F-2a(2) Frequency of Inspections Subpart V, §264.15(b)(4) 
Subpart V, §264.174 
Subpart V, §264.602 
Subpart IX, §270.14(b)(5) 

F-2a(3) Monitoring Systems Subpart V, §264.15 
Subpart V, §264.602 
Subpart IX, §270.14(b)(2) 
Subpart IX, §270.14(c) 
Subpart IX, §270.23(a)(2) 

F-2b Specific Process Inspection Requirements Subpart V, §264.15(b)(4) 
Subpart IX, §270.14(b)(5) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

F-2b(1) Container Inspection Subpart V, §264.13 
Subpart V, §264.15 
Subpart V, §264.17 4 
Subpart IX, §270.14(b)(5) 

F-2b(2) Tank System Inspection Subpart V, §264.193(i) 
Subpart V, §264.195 

F-2b(3) Waste Pile Inspection Subpart V, §264.254 

F-2b(4) Surface lmpoundment Inspection Subpart V, §264.226 

F-2b(5) Incinerator Inspection Subpart V, §264.347 

F-2b(6) Landfill Inspection Subpart V, §264.303 

F-2b(7) Land Treatment Facility Inspection Subpart V, §264.273 

F-2b(8) Drip Pad Inspection Subpart V, §264.574 

F-2b(9) Miscellaneous Unit Inspection Subpart V, §264.602 

F-3 Waiver or Documentation of Preparedness and Subpart V, §264.32 
Prevention Requirements Subpart V, §264.34 

Subpart V, §264.35 
Subpart IX, §270.14(b}(6) 

F-3a Equipment Requirements Subpart V, §264.32 
Subpart V, §264.34 
Subpart IX, §270.14(b)(6) 

F-3a(1) Internal Communications Subpart V, §264.32(a) 
Subpart V, §264.34(a) 
Subpart IX, §270.14(b)(6) 

F-3a(2) External Communications Subpart V, §264.32(b) 
Subpart V, §264.34(b) 
Subpart IX, §270.14(b}(6) 

F-3a(3) Emergency Equipment Subpart V, §264.32(c) 
Subpart IX, §270.14(b)(6) 

F-3a(4) Water for Fire Control Subpart V, §264.32(d) 
Subpart IX, §270.14(b)(6) 
Subpart IX, §270.14(b)(19)(x) 

F-3b Aisle Space Requirement Subpart V, §264.35 

F-4 Preventive Procedures, Structures, and Equipment Subpart IX, §270.14(b)(8) 

F-4a Unloading Operations Subpart IX, §270.14(b)(8)(i) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

F-4b Runoff Subpart IX, §270.14(b)(8)(ii) 
Subpart IX, §270.14(b)(19)(x) 
Subpart IX, §270.14(b)(19)(xi) 

F-4c Water Supplies Subpart IX, §270.14(b)(8)(iii) 

F-4d Equipment and Power Failure Subpart IX, §270.14(b)(8)(iv) 

F-4e Personnel Protection Subpart IX, §270.14(b)(8)(v) 

F-4f Releases to Atmosphere Subpart IX, §270.14(b)(8)(vi) 

F-4g Flammable Gas Concentration Control Subpart V, §264.17 
Subpart IX, §270.14(b)(9) 

F-5 Prevention of Reaction of Ignitable, Reactive, and Subpart V, §264.17 
Incompatible Waste Subpart IX, §270.14(b)(9) 

Subpart IX, §270.15(c) 

G RCRA CONTINGENCY PLAN Subpart V, §264.51 
Subpart IX, §270.14(b)(7) 

G-1 General Information Subpart V, §264.51 
Subpart V, §264.52 
Subpart IX, §270.14(b)(7) 

G-2 Response Personnel Subpart V, §264.52(d) 
Subpart V, §264.55 
Subpart IX, §270.14(b)(7) 

G-3 Implementation Subpart V, §264.51 (b) 
Subpart V, §264.52(a) 
Subpart IX, §270.14(b)(7) 

G-4 Emergency Response Method Subpart V, §264.52(a) 
Subpart IX, §270.14(b)(7) 

G-4a Notification Subpart V, §264.56(a) 
Subpart V, §264.56(d) 
Subpart V, §264.56(i) 
Subpart V, §264.56(j) 
Subpart IX, §270.14(b)(7) 

G-4b Identification of Hazardous Materials Subpart V, §264.56(b) 
Subpart IX, §270.14(b)(7) 

G-4c Assessment of the Nature and Extent of the Subpart V, §264.56(c) 
Emergency Subpart IX, §270.14(b)(7) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

G-4d Control, Containment, and Correction of the Subpart V, §264.51 
Emergency Subpart V, §264.56(e) 

Subpart V, §264.56(f) 
Subpart IX, §270.14(b)(7) 

G-4e Prevention of Recurrence or Spread of Fires, Subpart V, §264.56(e) 
Explosions, or Releases Subpart V, §264.56(f) 

Subpart IX, §270.14(b)(7) 

G-4f Management and Containment of Released Subpart V, §264.56(g) 
Material and Waste Subpart IX, §270.14(b)(7) 

G-4g Incompatible Waste Subpart V, §264.56(h)(1) 
Subpart IX, §270.14(b)(7) 

G-4h Post-Emergency Facility and Equipment Subpart V, §264.56(h)(2) 
Maintenance and Reporting Subpart V, §264.56(i) 

Subpart IX, §270.14(b)(7) 

G-4i C '.)ntainer Spills and Leakage Subpart V, §264.171 
Subpart IX, §270.14(b)(7) -. 

G-4j Tank Spills and Leakage Subpart V, §264.196 
Subpart IX, §270.14(b)(7) 

G-4k Surface lmpoundment Spills and Leakage Subpart V, §264.227 
Subpart IX, §270.14(b)(7) 

G-5 Emergency Equipment Subpart V, §264.52(e) 

G-6 Coordination Agreements Subpart V, §264.52(c) 

G-7 Evacuation Plan Subpart V, §264.52(f) 

G-7a Surface Evacuation One-site and Off-site Staging Subpart V, §264.52(f) 
Areas 

G-7b Underground Assembly Areas and Egress Hoist Subpart V, §264.52(f) 
Stations 

G-7c Plan for Surface Evacuation Subpart V, §264.52(f) 

G-7d Plan for Underground Evacuation Subpart V, §264.52(f) 

G-7e Further Site Evacuation Subpart V, §264.52(f) 

G-8 Required Reports Subpart V, §264.560) 

G-9 Location of the Contingency Plan and Plan Subpart V, §264.53 
Revision Subpart V, §264.54 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

H PERSONNEL TRAINING Subpart V, §264.16 
Subpart IX, §270.14(b)(12) 

H-1 Outline of the Training Program Subpart V, §264.16(a)(1) 
Subpart IX, §270.14(b)(12) 

H-1a Job Title/Job Description Subpart V, §264.16(d)(1) 
Subpart V, §264.16(d)(2) 
Subpart IX, §270.14(b)(12) 

H-1b Training Content, Frequency, and Techniques Subpart V, §264.16(a) 
Subpart V, §264.16(b) 
Subpart V, §264.16(c) 
Subpart V, §264.16(d)(3) 
Subpart IX, §270.14(b)(12) 

H-1 b(1) Training Content Subpart V, §264.16(a) 
Subpart V, §264.16(d)(3) 
Subpart IX, §270.14(b)(12) 

H-1b(2) Training Frequency Subpart V, §264.16(b) 
Subpart V, §264.16(c) 
Subpart IX, §270.14(b)(12) 

H-1 b(3) Training Techniques Subpart V, §264.16(d)(3) 
Subpart IX, §270.14(b)(12) 

H-1c Training Manager Subpart V, §264.16(a)(2) 
Subpart IX, §270.14(b)(12) 

H-1d Relevance of Training to Job Position Subpart V, §264.16(a)(2) 
Subpart IX, §270.14(b)(12) 

H-1e Training for Emergency Response Subpart V, §264.16(a)(2) 
Subpart V, §264.16(a)(3) 
Subpart IX, §270.14(b)(12) 

H-2 Implementation of Training Program Subpart V, §264.16(b) 
Subpart V, §264.16(d)(4) 
Subpart V, §264.16(e) 
Subpart IX, §270.14(b)(12) 

I CLOSURE PLANS, POST-CLOSURE PLANS, Subpart V, §264, Subpart G 
AND FINANCIAL REQUIREMENTS Subpart IX, §270.14(b)(13) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 19a4. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

1-1 Closure Plan Subpart V, §264.111 
Subpart V, §264.178 
Subpart V, §264.601 
Subpart IX, §270.14(b) 
Subpart IX, §270.23(a)(2), (3) 
Subpart IX, §270.14(b)(13) 

l-1a Closure Performance Standard Subpart V, §264.111 
Subpart V, §264.178 
Subpart V, §264.601 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(2), (3) 

1-1 a(1) Container Storage Units Subpart V, §264.111 
Subpart V, §264.178 
Subpart IX, §270.14(b)(13) 

1-1 a(2) Miscellaneous Unit Subpart V, §264.111 
Subpart V, §264.601 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(2), (3) 

1-1 a(3) Contingency Closure Subpart V, §264.111 
Subpart V, §264.178 
Subpart IX, §270.14(b)(13) 

- Subpart IX, §270.23(a)(2) 
Subpart IX, §270.23(a)(3) 

1-1 a(4) Post-Closure Subpart V, §264.117 
Subpart V, §264.601 
Subpart IX, §270.23(a)(3) 

l-1b Requirements Subpart V, §264.112(b)(2) 
Subpart IX, §270.14(b)(13) 

l-1c Maximum Waste Inventory Subpart V, §264.112(b)(3) 
Subpart IX, §270.14(b)(13) 

l-1d Schedule for Closure Subpart V, §264.112(b)(6) 
Subpart V, §264.113 
Subpart IX, §270.14(b)(13) 

l-1d(1) Schedule for Panel Closure Subpart V, §264.112(b)(60 
Subpart V, §264.113(b) 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(2) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 19~. 
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WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

1-1 d(2) Schedule for Final Facility Closure Subpart V, §264.112(c) 
Subpart V, §264.113(b) 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(2) 

1-1 d(3) Schedule for Contingency Closure Subpart V, §264.112(b)(6) 
Subpart V, §264.113(b) 
Subpart IX, §270.14(b)(13) 

1-1 d(4) Extension of Time for Closure Subpart V, §264.113(b) 
Subpart IX, §270.14(b)(13) 

1-1 d(S) Amendment of the Closure Plan Subpart V, §264.112(c) 
Subpart IX, §270.14(b)(13) 

l-1e Closure Activities Subpart V, §264.112(b)(1) 
Subpart IX, §270.14(b)(13) 

l-1e(1) Panel Closure Subpart V, §264.112(b)(1) 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(2) 

1-1 e(2) Decontamination and Decommissioning Subpart V, §264.112(b)(4) 
Subpart V, §264.114 
Subpart V, §264.178 
Subpart IX, §270.14(b)(13) 

1-1 e(3) Closure, Monuments, and Records Subpart V, §264.228(c)(1) 
Subpart V, §264.258(c)(1)(i) 
Subpart IX, §270.14(b)(13) 

1-1 e(4) Performance of the Closed Facility Subpart V, §264.111 
Subpart V, §264.601 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(2) 

1-2 Post-Closure Plan Subpart V, §264.117 
Subpart V, §264.118 
Subpart V, §264.603 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(3) 

1-2a Post-Closure Plan after Final Facility Closure Subpart V, §264.117 
Subpart V, §264.118 
Subpart V, §264.603 
Subpart IX, §270.14(b)(13) 
Subpart IX, §270.23(a)(3) 

1-3 Notices Required for Disposal Facilities Subpart V, §264.112(d) 
Subpart IX, §270.14(b)(13) 

•Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLE8 (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

l-3a Certification of Closure Subpart V, §264.115 
Subpart IX, §270.14(b)(13) 

l-3b Survey Plat Subpart V, §264.116 
Subpart IX, §270.14(b)(13) 

l-3c Post-Closure Certification Subpart V, §264.120 
Subpart IX, §270.14(b)(13) 

l-3d Post-Closure Notices Subpart V, §264.119 
Subpart IX, §270.14(b)(14) 

1-4 Closure Cost Estimates Subpart V, §264.142 
Subpart IX, §270.14(b)(13) 

1-5 Financial Assurance Mechanism for Closure Subpart V, §264.143 
Subpart IX, §270.14(b)(13) 

1-6 Post-Closure Cost Estimate Subpart V, §264.144 
Subpart IX, §270.14(b)(13) 

1-7 Financial Assurance Mechanism for Post-Closure Subpart V, §264.145 
Care Subpart IX, §270.14(b)(13) 

1-8 Liability Requirement Subpart V, §264.147 
Subpart IX, §270.14(b)(13) 

J CORRECTIVE ACTION FOR SOLID WASTE Subpart V, §264.90 
MANAGEMENT UNITS Subpart V, §264.100 

Subpart V, §264.101 
Subpart IX, §270.14(d) 

J-1 Solid Waste Management Units Subpart IX, §270.14(d) 

J-1a Characterization of the SWMUs Subpart IX, §270.14(d) 

J-2 Releases Subpart V, §264.90 

J-2a Assessment of Potential Releases Subpart V, §264.90 

J-2b Corrective Actions Subpart V, §264.101 (a) 

K OTHER FEDERAL LAWS Subpart IX, §270.3 
Subpart IX, §270.14(b)(20) 

K-1 Wild and Scenic Rivers Act Subpart IX, §270.3 
Subpart IX, §270.14(b)(20) 

K-2 National Historic Preservation Act Subpart IX, §270.3 
Subpart IX, §270.14(b)(20) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part B Permit Application 
DOEM!IPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

K-3 Endangered Species Act Subpart IX, §270.3 
Subpart IX, §270.14(b)(20) 

K-4 Coastal Zone Management Act Subpart IX, §270.3 
Subpart IX, §270.14(b)(20) 

K-5 Fish and Wildlife Coordination Act Subpart IX, §270.3 
Subpart IX, §270.14(b)(20) 

K-6 Federal Mine Safety and Health Act of 1977 Guidance in EPA 530-SW-88-001 
(1988) 

K-7 The Wilderness Act Guidance in EPA 530-SW-88-001 
(1988) 

K-8 OSHA Regulations Guidance in EPA 530-SW-88-001 
(1988) 

K-9 National Defense Authorization Act-Fiscal Year Guidance in EPA 530-SW-88-001 
1989 (1988) 

K-10 Federal Facilities Compliance Act of 1992 Guidance in EPA 530-SW-88-001 
(1988) 

K-11 Executive Order 12548-Grazing Fees Guidance in EPA 530-SW-88-001 
(1988) 

K-12 Protection and Enhancement of Environmental Guidance in EPA 530-SW-88-001 
Quality (1988) 

K-13 Protection and Enhancement of the Cultural Guidance in EPA 530-SW-88-001 
Environment (1988) 

K-14 Exotic Organisms Guidance in EPA 530-SW-88-001 
(1988) 

K-15 Floodplain Management Guidance in EPA 530-SW-88-001 
(1988) 

K-16 Off-Road Vehicles on Public Lands Guidance in EPA 530-SW-88-001 
(1988) 

K-17 Protection of Wetlands Guidance in EPA 530-SW-88-001 
(1988) 

K-18 Federal Compliance with Pollution Control Guidance in EPA 530-SW-88-001 
Standards (1988) 

K-19 Management of Federal Legal Resources Guidance in EPA 530-SW-88-001 
(1988) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 1994. 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

NEW MEXICO ADMINISTRATIVE CODE, TITLE 20 CHAPTER 4, PART 1 
REGULATIONS (20 NMAC 4.1) CROSS-REFERENCE TABLEa (CONTINUED) 

20 NMAC 4.1, Subpart or Section, or 
Chapter Title Appendix 

K-20 Environmental Safeguards on Activities for Animal Guidance in EPA 530-SW-88-001 
Damage Control on Federal Lands (1988) 

K-21 Naval Nuclear Propulsion Program Guidance in EPA 530-SW-88-001 
(1988) 

K-22 Superfund Implementation Guidance in EPA 530-SW-88-001 
(1988) 

L NO-MIGRATION DETERMINATION Subpart VIII, Part §268 
Subpart IX, §270.14(b)(21) 

Appendix L 1 DOE WIPP No-Migration Determination for the Subpart VI 11, Part §268 
Proposed Test Phase 

M CERTIFICATION Subpart IX, §270.11 
Subpart IX, §270.30(k) 

"Regulatory citations are made using New Mexico Administrative Code RCRA regulations current through September 23, 19514. 
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WIPP PART B PERMIT APPLICATION REVIEW 
RCRA PART A APPLICATION 

CHAPTER A 

GENERAL COMMENTS 

1. It is not clear whether many of the hazardous constituents listed on the tables of the 
appendices and the WAP are present within wastes shown on the Part A. For example 
the following compounds are listed in Table C6-7 of the WAP Appendix C6, but are not 
included in wastes presented in the Part A: 

SVOCs: 2,4-dinitrophenol (P048), 2,4-dinitrotoluene (0030), hexachlorobenzene (0032), 
hexachloroethane (0034) and pentachlorophenol (0037). 

Likewise, in Table C-1 on page C-69, Waste Stream KA-W016 lists EPA code 0039, yet it 
is not on the Part A. 

Determine whether these and other constituents not included upon the Part A should be 
identified as being within other listed hazardous waste, and revise the Part A and Chapter 
C (and associated tables and appendices) accordingly. 

RESPONSE 

The tables in Chapter C have been revised to include all the constituents listed as target 
analytes in the QAPP. The revised Table C-2 lists the EPA hazardous waste codes 
associated with these constituents. 

The Part A (Section XIV) has been revised to include additional codes. 

* * * * * 

2. A New Mexico Hazardous Waste Management Facility Permit is issued for a maximum 
period of ten years. Revise the Part A application to reflect the number of units (i.e., 
panels) and the corresponding capacity of those units to reflect the expected activity 
occurring during the life of the permit. 

RESPONSE 

Operations will be conducted in three panels (Panels 1 to 3), containing up to 
52, 11 O m3 of CH waste and 1954 m3 of RH waste, within the 1 O year permit period. In 
addition, Panel 4 and disposal area access drifts (Panels 9 and 10) will be constructed 
during this period, although these areas are not expected to receive waste during the first 
ten years. Chapter I has been revised to address contingent closure. 

Section XII has been revised to include this information. 

***** 
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SPECIFIC COMMENTS 

1. DOE states, on page A-5 lines 26 through 28, the Waste Handling Building (WHB) has 
been designated as a miscellaneous unit (X99) also known as an "Other Subpart X Unit". 
However, the regulation states (20 NMAC 4.1 Subpart I, §260.10) a unit can only be 
considered a miscellaneous unit if it does not fit the description of any other unit type. 
The WHB fits the description of a storage unit. Therefore, the WHB must be identified as 
a storage unit, not a miscellaneous unit. Revise the Part A and Chapter A to identify the 
WHB as a storage unit. 

RESPONSE 

The code X99 has been revised to S01, reflecting the status of portions of the WHB as a 
container storage unit with a design capacity of 76.0 m3

. Also the parking area has been 
added as a container storage unit with a design capacity of 47.1 m3

. 

Section XI I has been· revised to reflect these changes. 

***** 

2. The Part A application, in Figure A3-3 indicates that the overpack and repair room and 
overpack enclosure are not included in the portion of the Waste Handling Building to be 

. considered as part of the Hazardous Waste Management Unit of this building. However, 
chapters B and D indicate that activities, which could include greater than 90 day storage, 
could occur within these areas. Also, these areas were considered part of the HWMU 
during the test phase, during which similar activities as those proposed for the test phase 
were to be conducted in these areas. Revise the permit application in all appropriate 
areas to include these portions of the WHB within the HWMU (area). 

RESPONSE 

The overpack and repair room, and the overpack enclosure have been deleted from 
discussions of TRU mixed waste management. The WAC provides a high degree of 
confidence that waste containers will be free of large area surface contamination. In the 
unlikely event of large area contamination, the TRUPACT-lls will be returned to the 
generator site. The enclosure will be dismantled and removed, and the room will be 
restricted to non-radiological use only. 

For the above reasons, the permit application has not been revised to include the subject 
rooms. 

* * * * * 

3. Figure A2-3 does not identify what the locations designated by 'WQSP" are. Revise the 
figure to include this information. 

2 



RESPONSE 

WQSP stands for Water Quality Sampling Program. 

The figure has been revised to add the above information to the legend and to clarify that 
these are not production wells. 

* * * * * 

4. Appendix A4 does not contain any photographs of the interior or exterior of the WHB. 
Submit sufficient photographs of the WHB to satisfy Part A requirements to clearly 
delineate all existing structures and treatment, storage, and disposal areas (e.g., CH Bay, 
RH Waste Area and Hot Cell, Overpack and Repair Room, Facility Cask Loading Room, 
Waste Shaft Entry Room). 

RESPONSE 

Photographs of the WHB, inside and outside in both CH and RH areas have been added 
to Appendix A4 for clarity. 

***** 
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The Waste Isolation Pilot Plant (WIPP) is a U.S. Department of Energy facility intended 
to demonstrate the technical and operational principles involved in the permanent 
isolation and disposal of defense-generated transuranic waste. WIPP operations entail 

. receiving, unloading, and transferring radioactive-mixed waste from the surface of the 
site to the underground hazardous waste management units. Waste will be emplaced in 
an underground geologic repository horizon located in a deep-bedded salt formation 
approximately 2,150 feet beneath the surface • 

.. Pflll l HI Codl9 ... o.lglt cas-:-
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XD.ProceU CodM end Design c., 111 •• tc.• • 

EXAMPLE FOR~ lf"Ell D ,.._,.Ill.,_ nutnb« X·f fJMnrl: A facility ha•_,.,. lank, rdtlt:ll c:st hold 533.188 _.... 
u,. A. l'roce# & """'8S KS#iJN CAPACITY C. l'roce# 

xi 

' , 
, 
f 

Cod9 .... ------------------------------------..-L-Unlt---Ol-1 TOUI ,,.......... .. ........ ~ ...... = 
1 s a I .r • ~ ~ T ' ' a 0 0 1 

f x 0 4 175 600 TOTAL c 0 0 1 

z ta hed a e for additiona 

~ on 

" s 0 76.0 c 0 0 I 

' WHB Container Storage Unit 

• See attached a e 

T s 0 47. I G 0 0 I 

I Parkin Area Container Stora e nit 

• See attached a e 

' 
' 
2 

~ 

NOTE: •rou_.,, • .., .... ..., ~,. 11 ....,.....,..,.,,.....,.....,..,, .. ~nin ,,....,.tormet• 
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WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 

Revision 5.2 

XII. PROCESS-CODES AND DESIGN CAPACITIES (continued) 2 

The Waste Isolation Pilot Plant (WIPP) g~!P.9~~iMti19$.l§.i!Y is defined as a "miscellaneous unit" 3 

under 40 CFR §260.10. "Miscellaneous unit;; means a h'azardous waste management unit where 4 

hazardous waste is treated, stored, or disposed of and that is not a container, tank, surface 5 

impoundment, waste pile, land treatment unit, landfill, incinerator, containment building, boiler, 6 

industrial furnace, or underground injection well with appropriate technical standards under 40 1 

CFR Part 146, corrective action management unit, or unit eligible for research, development, and 8 

demonstration permit under 40 CFR §270.65. The WIPP is a geologic repositor-Y designed for 9 

the disposal of defense-generated transuranic waste. Some of the transuranic wastes disposed 10 

of at the WIPP contain hazardous wastes as co-contaminants. More than half the waste to be 11 

disposed of at the WIPP also meets the definition of debris waste. The debris categories include 12 

manufactured goods, biological materials, and naturally occurring geological materials. 13 

Approximately 4, 117,700 c1:1bic feet (120,000 cubic meters} of the €l.2 million c1:1bic feet (175,600 14 

iit'=i:i.,ii:~!i~i~~tii~~:;iiit-t"i~]=ii.B:iBiii@iiii::::::l~11•1•i1lll,!llll~I ~: 
~tm!li!~NIPP will be permitted as a "miscellaneo1:1s 1:1nit". under 40 CFR Part 264, Subpart X. 11 

18 

During the Disposal Phase of the facility, which is expected to last 25 years, the total amount of 19 

waste received from off-site generators and any derived waste will be limited to €l.2 million c1:1bic 20 

feet-f 175,600 cubic meters} of transuranic waste of which up to 250,000 c1:1bic feet (7 ,080 cubic 21 

meters} may be remote-handled (RH) transuranic mixed waste. For purposes of this application, 22 

all transuranic waste is managed as though it were mixed. The estimated annual quantities in 23 

Section XIV 8. are for the Disposal Phase. 24 

The process design capacity for the miscellaneous unit (composed of ~rj underground 25 

HWMUs in the geologic repository) shown in Section XII 8, is for the maximum·a·mount of waste 25 

that may be received from off-site generators plus the maximum expected amount of derived 21 

wastes that may be generated at the WIPP facility. In addition, a Ff'JVMU has been designated 28 

as a miscellaneo1:1s 1:1nit (XQQ) in the \l\laste Handling Q1:1ilding (\IVMQ) in Section XIII. This Ff\IVMU 29 

will be 1:1sed solely f.or ¥.'aste receipt and handling prior to emplacement in the 1:1ndergro1:1nd 30 

geologic repository. No treatment, storage, or disposal will occ1:1r in the WMQ Ff'IVMU XQQ 1:1nit. 31 

The capacity of this 1:1nit is based on the potential f.or three shipping containers of contact 32 

handled waste and one truckload of RM trans1:1ranic waste being recei11ed and handled in the 33 

WMQ at any one time. The Ff\IVMUs are shown in Appendix A3 and in Fig1:1res A3 2 and A3 34 

~n:::1a11::::h1¥1::::91~n::::ui~lnmi::::1~::::9in~1~n~M:itiriiit:ini!i::::~11:1:i::::m::::1111eo:::1'=~:;::::::::1~1::::~i 35 

~m1~tli::::~l~M::!l~1~1::::::H1n1!~n1::::::1a1M~m~::::::•1):]:1:p,91:iinii!t:]9u:~m111Rm1~111m~!l!:::::::(11~::::::!1*;: 36 

~mm,::::1~st11itsn!;m:::~9::::@me11;1n1m::]nJ~ti!ta1mammYmt::::;191s~1::::me1m11i::::::r¥2::::11B1a~=:::=9t 39 

~ 
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EPA LD. Number (Ent#' tram ,_,,.1} 

N M 4 8 9 0 1 3 9 0 

XIV. Description of Haurdous W.._ 

A. EPA.HAZARDOUS WAS1£ NUMBER· Etrmr .. #ouNlltllt,.,,,,,_,trom«JCM,IWtat SUbpal'I Oot#Jdf~,..,,,._ ..... 
you wlR hMdl& F111 hamdow _,_ wlrlcll .. not ~In 40 CFJt, ,,_., 2Sf ...,,_, 0. ....... fouNllf/lt ~•J lrom 40 
CFR, Part 291 ~C ,,_, dllC,,_. .. clmlldllmlm ___. .. adcwww ... 1•--of._. ft -.--. 

8. ESTIMATED ANNUAL QUANTITY· ,._.,,.,.,,_...,,..,..In-.... A ...,,_ flt9,,.,.,,,,,, of IUd _.,,,.,,, f/1111 ,_ 
,_,died on 1111.,,,,,., ......_ FOl'Mdr m..a ~twfUC ....,,,., • ._, Mtlted In column A..,,,, ... flW follll .,.,._, ,,.,.,,,,, 

of all,,.,,,,,,..,_, rraefa(•J IUd,,.,,. ~ "'*" por 111 ,,_ ~ °' oontamlmnt. 

C UNIT Of MEASURE· FtN..:h .... .,,.,.,lncalulan•.,..,.,,_.,.,,of,,_...cod9. Unllsof ,,_,,.whk:li mutlt,_,..,, 
and .. .,,,,,,,,.,...,.....,.: 

ENGLISH UNIT OF MEASURE CODE I METRIC UNIT OF MEASURE CODE 

POUNDS p KILOGRAMS K 

TONS T METRIC TONS M 

ltfat:l/ltytet:«d9 ,_.atlY""-unltofWlar ... ..,, .. ....,.,_......,,.ODftNtmlnlJOWolfha,.,,,._unlla 
otw laldnf ,,,,.,_. ... , ..,.......,,.,,.,..,_,,_,,,., ... _,., .. 

·X .. ·. >' .. :.··"~ 
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• . .. <.·_.':.:·< .:, ; ,·::' •. · , ..... .<'.. : ...... 

' . ,,. :~:.::..;:~'7>:· .. ,,· .. -~~···: .. 
1. PROCESS CODES: . . .. > ''.'./ . ; ::; ; . . 'C::Ci;:'§ 

. ··.. . . ::: . ~~- . -:~ .. · .~/~;:(,,;_:.:.<:: . ,.,,...,..._rdo .. .-:-tw.-....,lt .. At ........ .,,..,..,,,._ .. ...., ..... .,,,,,,,, .. ..,.,,,,_ 
--.oot*llwlln ... DA.M,...~·· ....... llow .......... .,..,,, ............. Dlt; HJdol•a. ...., • 

. . , .. : ' .. ' <.": :·:·' ,,,, ...... : .. ·: .. ·: ,.: ... >:~~'.~~~;'.::. :/.~:::,: ... ': ... ::~~:'.:)~~-~--~;..;. ·:~:'··/"··~:/~~;;::·;·~· .. ';: ·.... .... .. -.-:·:~ ... , ' .. _. .. _,, ... """°" .... dt ....... ,,., ... ,,... kt •. ............. ......., ....... A, ...... ODdl(., ... 
,,...,.,,,_ ... .....,..,,.. .... A..,...s • ......,.. ..... ,.. ,,.., .. ._ __ ,.,...,,,_.ml 
ordlllpoaeofall .. ...,, .... dh ........ 811Ftpn11 Ff,,.,,,.,., Jt iJl!o•1111*.....,.,,...,_ 

Nam: THREE PACl!SARal'JIOMmOl'Qff&iLLJGHIGCUSQXlll!&-. l'_,,.AM N&Ol!D: 

;: :::~-:::::::s:=~~~::.--'-c;~:_::r\~:, .· ·.·· ... : . 
3. Entar"',,.. ... ,,,,,,.,,.,, .,.... T,-.:W-4 ................ adllllltlMICOW{•). 

. .~.-· .. :... . .. ,; .. ,. :::" :·····; ;:-·:-;-.~. ·:.>.>:'.·· . 

2. PROCESS DESCRIP'TION:l'••lr•-.d,..._,._e;.,..wf,9:- dl1e1 ..... ,,_1n ._.,,_,_,ldad 

on ,,. 1ann (D.(2JJ. ·-·~· · ... ·~··, ;;,~ :;:~~~:~i,<t:i'i~t;~>:<.~::Kr~Y' j ;;~-;Ji],~.}::,;2, .... ·. < :., .. 
NC1'tE: H.vAllDOUSWASJ& ms.: d:ll.w · _....,c.t,.111 'laldby,.....,_IPAI' to•IMlllt'*-'...,,. tut ,., .. ....,..~ 
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c ·,· ' ·- • ·::·· •• :"/·".' ·: 

2. lncatumnAat .. mith ..... ..,.._.,AI' md .. .,.,....,.,....,..,._....,., 1artm .. -. 
lnoo#ultwl1(1fl·•,lhllt ..... l"lr 'Uded ......... .,,,, .................. ..,lnei::•r:·.:. 

. :·:~;J(::·:.,. .. ·-··. ·<~·.: .·,= .. , .. ~·::~:~;-~:~,~-~~..,..·'f-:?· ·.,.: ,,-_ --' ·.,·._._,.; ;.\~ . . ···~·:·< . "':':": :~:·~~M~::=fi\/7( ::~·-.-":·/·;' .'. '·'··: ::<.f \::, - · .. ·.•: .. 
s. ,,.,_,,,.,.~,,,,._.IPA"'. ,., • ...,.. ........ ...,.,.._....,.,.,c ... ,.,., dam....._ 

~--~-<~t:~~~=~~(r .. _ .-:·- -~: ._:· , .. :::· :~:(f:?·:.r ... _<·Ji:;{rt··.A· ;:<>~~:;-::;<tt;·~,~~·~ ~-·::-~-;f :. --·. --~'' <:~·: ::·--:-- :.,, .. 
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""*'-lwMll - 0111 .. -~~.""! .. AJl&~i!•~?-;:tz'.:'f:3';i~'-:"::);'~2:?;j;,~Ff~i;t.g+ > ;; '<?ft)\{ +£F <<·:'·· ····. · 
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HAZAllD , ........ 
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x ' IC 0 • ... ..;.):; 0 • 
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,. :~_:·:· '• I'·':: .. ;~ 0 

x " 
... ·.·· .. 

'·"· 
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. __________ ... ____ . ------ .,, .. _ ·---- ·--·-·M ·---M .. --···-----··--~-.~ ... -~ 
EPA LD .......... (Entlr nm,.._ fJ · , .J, ·- •• ~IO~ i;:t111W:r.;.":-.,,.ge i; 

NM 4 8 9 lo ll3l9lolsl 8 

~ XIV. o.crtplon of HllZMloua w .... (ConflnwdJ 

A.BIA &STMllTED C..UNITOF O.~ES 
HAZARDOUS ANNUAL M£ASURE 

a. WA.STENO. ------.. Of (Enllt (1) l'ROCESS CODES {EnlW coc»J t!lJ PROCESS DESCRIPTION 
NUl'IJber ~--' WASTE ,,.,., "'. OOde ,. not.,..,.."' D(f}} , 

F ' 0 0 1 1,891 M x i 0 4 i 
I 

2 Flo n ? l 860 M x ! n 4 I 

3 FI 0 0 3 1,593 M x I o 4 I 
I 

x I o I 4 F ! 0 0 4 26 M 4 

F I 0 
I 

5 0 5 1.829 M x 0 4 
' 

xi o • n 0 n I.. qn-:t M 4 

1 D 0 0 5 484 M x 0 4 

• D 0 0 6 1.819 M x 0 4 

• D 0 0 7 1,248 M x 0 4 , 0 D 0 0 8 3. 2G.6 M x 0 ti , , 
D 0 0 9 1,727 M x 0 4 

1 2 D 0 1 0 lRI\ M x 0 4 

1 3 D 0 1 1 1,090 M x 0 4 , 4 D 0 1 8 749 M x 0 4 
1 5 D 0 1 9 761 M x 0 4 

1 • D 0 2 1 26 M x 0 4 

1 1 D 0 2 2 1,098 M x 0 4 , • D 0 2 6 609 M x 0 4 

1 • D 0 2 7 26 M x 0 4 

2 0 D () ? R 449 M x 0 4 

2 1 D 0 2 9 478 M x 0 4 

2 2 D 0 3 0 26 M x 0 4 

2 s D 0 3 2 26 M y 0 I.. 

2 4 D 0 3 4 26 M x 0 4 

2 5 D 0 3 5 139 M x 0 4 

2 • D 0 3 6 26 M y 0 4 

2 1 D 0 3 7 26 M x 0 4 

2 • D 0 3 8 26 M 'Y 0 I/,_ 

2 • n 0 1 q 26 M 'Y () /, 

s 0 D 0 4 0 140 M x 0 4 

3 1 n 0 6. ':! 26 M x 0 4 

s 2 p 0 1 5 945 M x 0 4 

3 s 
!PA Form 1700-23 (Rn. 11-»13) Pmto• ecltlon .. obeol9lll. 
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EPA LO. Number (Enl# nm ,_..1) 

N M 4 8 9 0 l 3 9 0 8 8 

XV.Mllp 

Attllch to thl• •Ppllcatlon • topographic fMP, or other equiv.lent tMp, of,,,. .,.. extending to «least OM mlM t»yond P'Operfy 
IHHlndllrl... TM IMP must .,.ow ,,,. outllM at ,,,. taclllty, the location of •.ch of Its existing •nd propo#d lntalc• •nd dlacMrge 
•tructut .. , •ch of Its haardou• wuht trNtment, mrage, or di•poul fllcllltlH, •nd ..ch wll .,,.,. It Jnj«:m nuld• underground. 
Include •II •prlng., rlvw. •nd other~ waw bodln In thl• tn11p .,... S.. ln.tructtoM for ptet:/ .. IWqultwmenta. 

XVI. F9Cfllty Dnlwlng 

All •xi•tlng facllltlN must Include photograph• ,_,,. or ground-level) that clMrly dell,,..,. •II •xi.ting strueturn: •111.tlng ncnge, 
fNatment •nd dl•poul •,....:~.,_of Min ftOrllge, fNatment or dl•poul .,... ( .. lnnuctlOM tor mo,. detall). 

XVllL certlftcatlon(a} 

I certify under peMlty of law that thla document •nd •II •tt.:hmentll ..,. pre,,.twd under my direction or •u,,.rvl•lon In 
.:cord•m:e with• •Ptem de•lgn«I to •Nure that qualified personMI properly pther •nd enlu•te the lntonmtlon •ubmltted. 
S.•ed on my Inquiry of the penon or person• rrllo ,,,.Ml• the •ystem, °' tltoN penon• directly re•pon•lbl• tor g•therlng 
the lnfornvtlon, the lnfornvtlon •ubmltted I•, fO the,,_, of my lcnowlad,. •nd belief, true, .:curate, •nd complete. I •m •w•re 
that there •re •lgnlflc•nt peMltle• ftN 8Ubm/tllng ,.I .. Information, lncludl"fl the poalblllty of ftM •nd lmprl•onment tor 
knowing vlol•tlon•. 

Owner Signature 

Name and Official iitle {Type or pmt) 
Mana er, DOE/Carlsbad Area Office 

Owner Signature 

Name and Official iltle {Type or print) 

Operator Signaiure 

Name and Official iltle {Type or print) 
Mana er DOE/Carlsbad Area Office 

Operator Signalure 

Section XVIII 0 erator Si nature - *See attached "RCRA Part A A lication 

Certification" 

** Date of submittal of clarifying information as requested by NMED. 

Additional data were submitted on July 9, 1991; November 12, 1992; January 29, 1993; 

March 2, 1995; and May 26, 1995~ Part A originally signed on January 18, 1991, and 

submitted on January 22, 1991. 

EPA Form 170N3 (Rev. 11·3043) Prnloua edition la ob8olet8. 
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NM4890139088 

WIPP RCRA PART B PERMIT APPLICATION 
DOEIWIPP 91-005 

Revision 5.2 

RCRA PART A APPLICATION CERTIFICATION 

6 The U.S. Department of Energy {DOE), through its Carlsbad Area Office, has signed as "owner and 
7 operator," and Westinghouse Electric Corporation, acting through its Waste Isolation Division 
8 {WID), has signed this application for the permitted facility as "co-operator." 
9 

10 The DOE has determined that dual signatures best reflect the actual apportionment of Resource 
11 Conservation and Recovery Act (RCRA) responsibilities as follows: 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

3 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

'5 

The DOE's RCRA responsibilities are for policy, programmatic directives, funding and 
scheduling decisions, Waste Isolation Pilot Plant {WIPP) requirements of DOE generator 
sites, auditing, and oversight of all other parties engaged in work at the WIPP, as well 
as general oversight. 

The WID's RCRA responsibilities are for certain day-to-day operations (in accordance 
with general directions given by the DOE and in the Management and Operating 
Contract as part of its general oversight responsibility), including, but not limited to, the 
following: certain waste handling, monitoring, record keeping, certain data collection, 
reporting, technical advice, and contingency planning. 

For purposes of the certification required by Title 20 of the New Mexico Administrative 
Code, Chapter 4, Part 1 (20 NMAC 4.1 ), Subpart IX, §270.11 (d), the DOE's and the 
WID's representatives certify, under penalty of law that this document and all 
attachments were prepared under their direction or supervision in accordance with a 
system designed to assure that qualified personnel properly gather and evaluate the 
information submitted. Based on their inquiry of the person or persons who manage 
the system, or those persons directly responsible for gathering the information, the 
information submitted is, to the best of their knowledge and belief, true, accurate, and 
complete for their respective areas of responsibility. We are aware that there are 
significant penalties for submitting false information, including the possibility of fine 
and imprisonment for knowing violations. 

Owner and Operator Signature: 
Title: Manager. Carlsbad Area Office 

for: U.S. Department of Energy 
Date: 

Co-Operator Signature: 
Title: General Manager 

for: Westinghouse Electric Corporation 

A-9 01/08/96 2:11pm 
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Granting Agency 

Department of Interior, 
Bureau of Land Management 

Department of Interior, 
Bureau of Land Management 

Department of Interior, 
Bureau of Land Management 

Department of Interior, 
Bureau of Land Management 

Department of Interior, 
Bureau of Land Management 

Department of Interior, 
Bureau of Land Management 

Department of Interior, 
Bureau of Land Management 

Department of the Interior, Bureau of 
Land Management 

Department of Interior, 
Bureau of Lan~ Management 

New Mexico Environment Department 

New Mexico Environment Department 

New Mexico Environment Department 

New Mexico Environment Department 

New Mexico Department of Game and 
Fish 

New Mexico Department of Game and 
Fish 

New Mexico Department of Game and 
Fish 

TABLE A1-1 
ACTIVE ENVIRONMENTAL PERMITS/APPROVALS AS OF 5/1/95 

Type of Permit Number Granted/Submitted Expiration 

Right-of-Way for Water Pipeline NMM53809 8/17/83 None 

Right-of-Way for the North Access Road NM55676 8/24/83 None 

Right-of-Way for Railroad NM55699 9/27/83 None 

Right-of-Way for Dosimetry and Aerosol Sampling NNM63136 7/3/86 None 
Sites 

Right-of-Way for Seven Subsidence Monuments NM65801 1117/86 None 

Right-of-Way for Aerosol Sampling Site NM77921 8/18/89 8/18/2019 

Right-of-Way for Ten Raptor Nesting Platforms NM82212 9/12/89 12/13/2019 

Right-of-Way for Survey Monument Installation NM82245 12/13/89 12/13/2019 

Approval to Drill Two Additional Test Wells on None 9/18/86 None 
Existing Pads at P-1 and P-2 

Open Burning Permit to Train Fire Control c.;rews None 2/10/95 311/96 

Operating Permit for two Backup Generators 310-M-2 12n/93 None 

Discharge Plan Approval DP-831 1/16/92 1116/97 

Acknowledgement of Notification of Hazardous Waste NM48901 1/88 None 
Activity (WIPP) 39088 

Individual 1961 4/1/95 3/1/96 

Master Collecting 1894 3/1/95 3/1/97 

Concurrence that WIPP construction activities will None 5/26/89 None 
have no significant impact on State-listed threatened 
or endangered Species 

A1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

Permit Status 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active1 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

01/08/96 1:31pm 



TABLE A 1-1 (CONTINUED) 
ACTIVE ENVIRONMENTAL PERMITS/APPROVALS AS OF 511/95 

Granting Agency Type of Permit Number Granted/Submitted Expiration 

New Mexico State Engineer Office H-19b1 well, permit to appropriate the underground C-2420 11/10/94 1/31/98 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office H-19b2 well, permit to appropriate the underground C-2421 11/10/94 1/31/98 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office H-19b3 well, permit to appropriate the underground C-2422 11/10/94 1/31/98 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office H-19b4 well, permit to appropriate the underground C-2423 11110/94 1/31/98 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office H-19b5 well, permit to appropriate the underground C-2424 11/10/94 1/31/98 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office H-19b6 well, permit to appropriate the underground C-2425 11/10/94 1/31/98 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office WQSP-1 well, permit to appropriate the underground C-2413 11/10/94 1/31/96 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office WQSP-2 well, permit to appropriate the underground C-2414 11/10/94 1/31/96 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office WQSP-3 well, permit to appropriate the underground C-2415 11/10/94 1/31/96 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office WQSP-4 well, permit to appropriate the underground C-2416 11/10/94 1/31/96 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office WQSP-5 well, permit to appropriate the underground C-2417 11/10/94 1/31/96 
waters of New Mexico for monitoring and 
characterization 

A1-2 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

Permit Status 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

01/08/96 1:31pm 



TABLE A1-1 (CONTINUED) 
ACTIVE ENVIRONMENTAL PERMITS/APPROVALS AS OF 5/1/95 

Granting Agency Type of Permit Number Granted/Submitted Expiration 

New Mexico State Engineer Office WQSP-6 well, permit to appropriate the underground C-2418 11/10/94 1131/96 
waters of New Mexico for monitoring and 
characterization 

New Mexico State Engineer Office WQSP-6a well, permit to appropriate the underground C-2419 11/10/94 1/31/96 
waters of New Mexico for monitoring and 
characterization 

U.S. Department of the Interior, Fish Master Personal Banding 22478 5/19/93 6/30/98 
and Wildlife Service 

U.S. Department of the Interior, Fish Concurrence that WIPP construction activities will None 5129180 None 
and Wildlife Service have no significant impact on Federally-listed 

threatened or endangered species 

New Mexico Commissioner of Public Right-of-Way for High Volume Air Sampler RW-22789 10/3/85 10/3/2000 
Lands 

New Mexico Department of Finance and Concurrence that the DOE Archaeological Resources None 7/25/83 None 
Administrative Planning Division, Protection Plan is adequate to mitigate any adverse 
Historic Preservation Bureau impacts upon cultural resources resulting from 

construction of the WIPP facility 

New Mexico Environment Department Notification of the presence of Two Underground None 4/15/86 None 
Storage Tanks 

U.S. Environmental Protection Agency Conditional No-Migration Determination for the Test None 11114/90 11/14/2000 
Phase 

U.S. Environmental Protection Agency NESHAPS (Radionuclides) None 2/19/91 Data package 
submitted to the EPA 

U.S. Environmental Protection Agency NPDES Storm Water General Permit NMROOA021 12/31/92 12/31/97 

'Existing pads P-1 and P-2, as of October 1992, belong to the U.S. Department of Energy (DOE). Therefore this permit is no longer needed through the granting agency. 

A1-3 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

Permit Status 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

Active 

01/08/96 1:31pm 
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LEGEND 

WIPP Site Boundary 10,240 Acres. 

U.S. DOE Right of Way Number NM-53809. For Waterline, 50 Feet Wide. 
The DOE had Agreed with the City of Csrlsbad to Allow the Individuals 
to Tap this Line Located within the North Access Road Right of Way. 

Stock Water Tanks and Tap Lines Connected to the Main WIPP Waterline. 

Southwestern Public Service Company Right of Way Number NM-43203 for 
Power 60 Feet Wide. 

General Telephone of the Southwest Right of Way for Telephone Line, 30 Feet Wide, 
Located within the North access Road Right of Way. 

General Telephone of the Southwest Right of Way Number NM-60174 for 
Telephone Line, 30 Feet Wide, Located within the Railroad Right of Way. 

U.S. DOE Right of Way Number NM-55675 for North Access Road, 170 Feet Wide. 

El Paso Natural Gas company Right of Way for Gas Pipeline, 30 Feet Wide in 
Section 16, 50 Feet Wide Elsewhere. 

U.S. DOE Right of Way Number NM-55699 for Access Railroad, 150 Feet Wide. 

- . - Eddy County Right of Way for Access Roads Includes Right of Way Number 
NM-4130 for the South Access Road Which is 150 Feet Wide. 

NOTES 

1 . The Property Protection Area is a fenced area of approximately 35 acres. It contains all surface 
facilities with the exception of salt storage piles, parking lot, landfill and waste water 
stabilization lagoons. 

2. Zone II overlies the maximum extent of the Area available for underground development 

3. WIPP site boundary (WSB) provides a one mile buffer area around the area available 
for underground development. 

Figure A2-2a 
Legend to Figure A2-2 

A2-2a 
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Figure A4-10 
Transfer Cell-Under RH Unloading Room 
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WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY DESCRIPTION 

CHAPTER B 

GENERAL COMMENTS 

1. Chapter B of the application is unacceptably vague, poorly organized, and difficult to 
follow. While the majority of the information is discussed in the following chapters of the 
application, Chapter B is supposed to acquaint the reader with waste management 
activities and units that require permitting in sufficient detail to understand what is 
proposed for the facility (20 NMAC 4.1 Subpart IX, §270.14(b)(1)). The following must 
be addressed: 

• Chapter B uses undefined terminology that readers unfamiliar with the facility would 
not understand. 

• There is no clear identification of waste generators who may ship wastes to the 
facility. Because verification of waste characteristics by WIPP is dependent upon 
generator sites' ability to receive certification by DOE, and because no site has yet 
been certified, DOE must describe the procedure whereby NMED will be notified of 
generator certification status. The procedure for certification should be addressed in 
Chapter C. 

• The description of wastes is incomplete and inconsistent with Chapters A and C. 

• The description of the waste management activities (i.e., those for hazardous non
radioactive wastes covered by 20 NMAC 4.1 Subpart Ill, §262) are poorly described, 
and there is no mention of the numerous other support buildings and areas that are 
essential to operations (including emergency response) at the RCRA permitted units. 

• Much of the topographic map information is not discussed, and the reader is referred 
with vague references to Section D for much of the required map information. 

• Overall, the discussion of traffic information is incomplete and lacking in detail. No 
discussion of rail traffic is provided and a description of underground traffic patterns 
and controls are missing. 

Revise Chapter B to include a more complete and consistent overview of the WIPP 
facility in general and the RCRA units requiring permitting in particular. 

RESPONSE 

• A glossary has been developed and added to the application after the Regulatory 
Cross-Reference Table. Section 8-1 a has been deleted, and these terms have been 
added to the glossary. 

1 



• The ten major generator/storage sites planning to ship waste to the WIPP facility for 
disposal are: , "' 1 

Argonne National Laboratories (East) 
Idaho National Engineering Laboratory 
Los Alamos National Laboratory 
Lawrence Livermore National Laboratory 
Mound Facility 
Nevada Test Site 
Oak Ridge National Laboratory 
Richland (Hanford) Site 
Rocky Flats Environmental Technology Site 
Savannah River Site 

The procedure for notifying the NMED of generator certification status is described in 
the revised Chapter C. 

The ten sites listed have been added to§ 8-lntroduction. (See response to Specific 
Comment 8-1.) 

• Waste descriptions have been amplified and checked for consistency with Chapters A 
and C. (See response to Specific Comment 8-4.) 

• This is a permit application for disposal of TRU mixed waste. The "Hazardous Waste 
Storage and Disposal in Geologic Repositories Permit Guidance Under the Resource 
Conservation and Recovery Act" EPA/530-SW-88-001 (OSWER Directive 9523.00-13) 
dated September 1988, Section 3.2.2 Facility Description, does not mention the need 
to address other activities that are not germane to the disposal activities which are the 
subject of this permit application. These subjects are described in Chapters D, F, and 
G of the permit application, as appropriate. 

A statement was added to§ 8-1 that permitting for such activities is not required. 

• Several specific comments support this general comment. See the responses to 
those individual comments. 

• The traffic information requested has been added to § 8-4. (See responses to 
Specific Comments 8-16 through B-20 and 8-22.) 

The chapter has been revised to provide the requested information that is appropriate 
to the subject of the application. 

* * * * * 
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2. The description of activities conducted at the Waste Handling Building (WHB} are also 
unacceptably vague. Moreover, the WHB must be classified as a container storage unit, 
because the unit is used for the receipt, verification, and subsequent management of 
waste containers that arrive at the facility for disposal (20 NMAC 4.1 Subpart I, §260.10). 
Chapter B must be revised to address the following: 

• The length of time the containers are staged in the WHB does not affect its 
classification as a storage unit. 

• The extent of the building proposed to be permitted omits, without explanation, areas 
that appear to include essential waste management activities. 

• The reader is given no idea of typical waste handling practices conducted at the 
facility, including waste volumes arriving, being processed, and being emplaced on a 
daily basis. 

• Chapter 8 provides no indication of the maximum storage capacity for contact-handled 
and remote-handled wastes, including where these wastes will be stored while 
awaiting characterization, paperwork verification, transportation to the underground, or 
resolution of mechanical problems related to waste handling equipment. 

• The types and groupings of shipping and disposal containers managed in the WHB is 
incomplete and poorly described in Chapter B. 

• The requirements for secondary containment of any free liquids. 

Overall, Chapter 8 must be revised to provide the application reader with a more 
complete and comprehensive overview of WH8 activities. Forward referencing of other 
sections of the application (e.g., Chapter D} is acceptable in some cases, but should be 
minimized. Where forward referencing is used, the specific subsection must be 
identified, rather than vague references to the entire chapter. 

RESPONSE 

• Appropriate portions of the WH8 have been reclassified as a container storage unit 
and the appropriate revisions have been incorporated. (See response to Specific 
Comment 8-3.) 

• The areas in the WH8 designated as a container storage unit include those that are 
part of the waste-management process line during normal operations. (See response 
to Specific Comments 8-8 and 8-12.) 

• (See response to Specific Comment B-7.) 

• (See response to Specific Comment 8-7.) 

• (See response to Specific Comment B-9.) 

3 



• This chapter has been revised to address secondary containment. 

Much of the requested information has been added to this chapter and forward 
referencing (where still necessary) has been made much more explicit. 

Chapter B has been revised to provide a more complete overview of all waste handling 
activities and to improve forward referencing. 

***** 

4 



WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY DESCRIPTION 

CHAPTER B 

SPECIFIC COMMENTS 

1. Chapter B, Introduction, Page B-1, Lines 6-9. 

Chapter B does not clearly identify the generators that will be eligible to ship waste to 
WJPP. The first paragraph of the Introduction section should clearly and explicitly state 
that the WIPP facility is to be used to dispose of waste generated at DOE sites across 
the country. A list of the DOE facilities that will be allowed to ship to WIPP must be 
included in Chapter B. Revise the application to clearly state that off-site generated 
waste will be disposed at the facility and to identify the generators that are approved for 
shipping wastes to the facility. Alternatively, revise the permit application to reference 
where in the permit application information of sufficient detail is included. 

RESPONSE 

The ten major generator/storage sites planning to ship waste to the WIPP facility for 
disposal are: 

Argonne National Laboratories (East) 
Idaho National Engineering Laboratory 
Los Alamos National Laboratory 
Lawrence Livermore National Laboratory 
Mound Facility 
Nevada Test Site 
Oak Ridge National Laboratory 
Richland (Hanford) Site 
Rocky Flats Environmental Technology Site 
Savannah River Site 

These sites will be subjected to the certification program described in Chapter C and will 
not ship waste to WIPP until their certifications are granted. There are several other 
small generator/storage sites that will either ship their waste to the WIPP facility or to 
one of the major generator/storage sites listed above for certification to meet WIPP 
requirements. Those sites will be identified to the NMED as they are certified and prior 
to initiating any shipments to the WIPP facility. 

Section B-lntroduction has been revised to include the above information. 

***** 
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2. Chapter 8, Introduction, Page 8-1, Lines 7-9 and 16-17. 

Use of the term "Hazardous Waste Management Unit" (HWMU) is inconsistently applied. 
The Part A indicates that HWMU is used to refer to one of the individual eight panels that 
form part of the geologic repository, with the WIPP considered a single Subpart X unit 
(comprised of HWMUs) requiring permitting. The term, HWMU is also used to refer to 
the Waste Handling Building (WHB), which is also considered a single separate 
permitted unit in the Part A. In contrast, in other portions of the application, the term 
HWMU is sometimes used to describe the entire subsurface area (all eight panels). 
Also, the application is not consistent when describing the WHB, implying that it is not 
considered a separate permitted unit. The term HWMU should either refer to a single 
panel, the entire repository, or the WHB, but not all three. Revise the application to use 
consistent terminology. 

RESPONSE 

The text has been modified such that the term HWMU is now applied to the individual 
underground disposal panels, the WHB container storage unit, and the parking area 
container storage unit. The context in which the term is used each time has been 
carefully reviewed to remove any potential confusion as to which HWMU is being 
discussed. · 

The entire application has been revised to make this clarification. 

***** 

3. Chapter 8, Introduction, Page 8-1, Lines 16-17. 

A miscellaneous unit is classified as a unit that does not meet the definition of any other 
unit for which EPA has promulgated specific performance and design standards. The 
Waste Handling Building (WHB) must be classified as a container storage unit, because 
the unit is used for the receipt, verification, and subsequent management of off-site 
generators or waste containers that arrive at the facility for disposal. The length of time 
the containers are staged in the WHB does not affect its classification as a storage unit. 
Furthermore, as described in Chapter C, waste containers that have paperwork 
discrepancies may be stored at the WHB (although the location of this storage is not 
identified) for up to 30 days. This clearly requires that the WHB be classified as a RCRA 
container storage unit. Revise all applicable portions of the application to correctly refer 
to the WHB as a container storage unit, rather than a miscellaneous unit. 

RESPONSE 

The appropriate areas within the WHB have been designated as a container storage unit. 
The parking area south of the WHB is also described as a container storage unit. 

The entire application has been revised to make this clarification. 

***** 
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4. Chapter B, Section B-1, General Description, Page B-8, Lines 6-13. 

The description of the types of wastes that may be shipped to WIPP is vague, fails to 
identify major waste categories, and is generally inconsistent with the waste descriptions 
in Chapter C. At a minimum, the four waste summary categories from Chapter C should 
be incorporated into Chapter 8. Additionally, some indication of the types of 
contaminants that may be present in the wastes (i.e., some tie-in to the waste codes in 
the Part A application) should be briefly presented in Chapter 8. Revise the application 
to be consistent with the waste description information in Chapter A and Chapter C. 

RESPONSE 

A description of waste types and contaminants has been added to this chapter in § 8-1 . 

Section 8-1a has been revised to add the waste descriptions. 

***** 

5. Chapter B, Section B-1, General Description, Page B-8, Lines 26-27. 

The discussion of management of RCRA hazardous (i.e., non-radioaCtive) waste should 
be expanded in Chapter 8 to describe the types of activities that generate hazardous
only waste, the location of the storage facility for these wastes, the time these wastes are 
stored (i.e., more than 90-days, less than 90-days), and identification of any on-site 
waste treatment conducted prior to shipment off-site. Even if the hazardous-only waste 
storage rooms do not require RCRA permitting, some acknowledgement of applicable 
regulations would be appropriate in Chapter 8. Revise Chapter 8 to more clearly 
describe the management of derived hazardous-only wastes at the WIPP facility. 

RESPONSE 

This is a permit application for disposal of TRU mixed waste. The "Hazardous Waste 
Storage and Disposal in Geologic Repositories Permit Guidance Under the Resource 
Conservation and Recovery Act" EPA/530-SW-88-001 (OSWER Directive 9523.00-13) 
dated September 1988, Section 3.2.2 Facility Description, does not mention the need to 
address other activities that are not germane to the disposal activities which are the 
subject of this permit application. Non-radioactive hazardous waste management at the 
WIPP facility, in which waste is stored for less than 90 days, is not required to be 
permitted. A statement that all hazardous waste management operations are conducted 
in accordance with RCRA regulations is sufficient information to be included in this 
chapter. These subjects are described in other parts of the permit application, as 
appropriate, and can be reviewed in Chapters D, F, and G. 

A statement was added to § 8-1 a to state that non-radioactive hazardous waste 
operations conducted at the WIPP facility meet RCRA regulations and are not part of this 
permit application. 

***** 
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6. Chapter B, Section B-1 a, Definitions, Pages B-8 through B-9. 

Chapter 8 introduces many new terms that readers who are not familiar with the facility 
would not know. Such terms as low-level radioactive waste, contact handled waste, 
remote handled waste, transuranic waste, TRU mixed waste, TRUPACT, etc. should be 
defined early in application to acquaint the reader with these terms. Revise Section 8-1 
of the application to define additional WIPP-specific and DOE-specific terms that are 
used, or alternatively, provide a glossary to the application and reference the glossary 
definitions in the text of Chapter B. 

RESPONSE 

Definitions of contact handled waste, remote handled waste, transuranic waste, TRU 
mixed waste, and TRUPACT-lls have been added to the glossary. 

***** 

7. Chapter B, Section B-1, General Description, Section B-1b, Surface Hazardous 
Waste Management Unit, Page B-10, Lines 3-31; and Underground Hazardous 
Waste Management Units, Page B-11, Lines 6-9. 

Activities related to container storage and management practices in the WH8 are 
unacceptably vague in Chapter B. While this information may be presented later in 
Chapter D, Chapter 8 must acquaint the reader with overall activities at the WIPP facility 
requiring permitting. Chapter B must be revised to provide information on the typical 
waste handling practices conducted at the facility, including: typical and maximum waste 
volumes that may arrive per day, typical time it takes to emplace a waste container once 
it arrives on site (i.e., typical aboveground storage times), typical and maximum 
aboveground waste storage capacity, and typical and maximum waste emplacement 
rates (i.e., how many and what types of contact handled and remote handled containers 
can be moved underground in a typical day). If waste management activities take place 
24 hours per day, then this should be explicitly stated. Revise Section B-1 b of the 
application to provide this information. Note that cross-references to Chapter D will not 
be acceptable in this instance. 

RESPONSE 

Waste management activities descriptions have been expanded in § 8-1 b under new 
subheadings. Detailed information from Chapter D has been added regarding typical 
waste handling practices, volumes, rates of through-put, storage times, and work shifts· 
employed during normal operations. Both CH and RH waste operations are included. 

§ B-1 b has been revised extensively. 

***** 
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8. Chapter B, Section B-1, General Description, Section B-1 b, Surface Hazardous 
Waste Management Unit, Page B-10, Line 3. 

The extent of the building housing the WH8 that is to be permitted requires clarification. 
Figure 8-3 in the application indicate that the overpack and repair room and the site 
derived waste room are not part of the WH8. It is not clear why these are excluded. 
Activities that are conducted in these other rooms that excludes them from RCRA 
permitting should be explicitly described in Chapter 8. Revise Section 8-1 b and other 
applicable portions of the permit application to clearly indicate why the WH8 includes 
only a portion of the floor space of the building in which it is located. Alternatively, revise 
the permit application to include the overpack and repair room in the permitted portion of 
the WH8. 

RESPONSE 

Activities occurring in the WH8 Container Storage Unit are now appropriately described. 
The appropriate portions of the WH8 have been designated as a container storage unit 
during normal waste management operations or activities. The overpack and repair 
room will no longer be used for waste management activities. Severe contamination will 
not be cleaned. The waste will be returned to the TRUPACT-11 and shipped back to the 
generator site. Activities not relevant to the WIPP facility waste management operations 
are not described in the application. 

§ 8-1 b(1) Surface Hazardous Waste Management Unit now contains the specific 
information required. 

***** 

9. Chapter B, Section B-1, General Description, Section B-1 b, Surface Hazardous 
Waste Management Unit, Page B-10, Line 12-26; and Underground Hazardous 
Waste Management Unit, Page B-10, Line 35-36. 

The types of containers managed at the WIPP is poorly described throughout Chapter 8. 
This chapter must include a thorough summary of shipping containers and disposal 
containers to be handled at WIPP. The description of the shipping containers should 
clearly identify the types, volumes, and numbers of interior packaged containers they can 
contain, and whether they are used for contact-handled or remote-handled waste. The 
description of the disposal containers and subsequent groupings of containers for 
disposal (i.e., four packs, seven packs, standard waste boxes) should clearly identify the 
container types, volumes, and types of wastes they can contain. While this information 
may be presented in Chapter D, since container information is introduced in Chapter 8, it 
must be presented in a complete and understandable manner. Revise Chapter 8 
accordingly. 
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RESPONSE 

The waste container descriptions from Chapter D have been included in Chapter B. 
Shipping containers for CH and RH are described, as well as the various waste 
containers that are used for disposal. 

§ B-1 b(1) Surface Hazardous Waste Management Unit now contains the specific 
information required. · 

***** 

10. Chapter 8, Section 8-1, General Description, Section 8-1 b, Underground 
Hazardous Waste Management Units, Page 8-10, Lines 35-42 and Page 8-11, Lines 
1-9. 

The application indicates that each disposal panel has the capacity to hold an average of 
612,795 cubic feet of CH TRU mixed waste and 23,000 cubic feet of RH TRU mixed 
waste. When multiplied by the proposed number of disposal panels (8) the total capacity 
of the underground HWMU would be 5,086,360 cubic feet. This is less than the 
6,200,000 cubic feet capacity listed on page 8-8 (Lines 1-3). Revise the permit 
application to correct this discrepancy and to identify the location of additional disposal 
capacity. Based on the ultimate design capacity of the disposal facility, indicate what 
portion will be used during the ten year permit time frame. 

In addition, revise the permit application to include the maximum volume of waste that 
may be awaiting underground disposal at any one time. Also, revise Section B-1 b to 
clearly identify where each of the container types mentioned on page B-11 will be stored 
while awaiting underground transfer. 

RESPONSE 

The volume data has been updated to account for the entire capacity of the disposal 
facility and the first ten years under the initial permit. In addition, details on volumes of 
waste and container types have been added to Sections B-1b(2) and B-1c. 

§ B-1 b(2) Underground Hazardous Waste Management Unit now contains the specific 
information required. 

***** 

11. Chapter 8, Section 8-1, General Description, Section 8-1c, The WIPP Site, Page 8-
12, Lines 1-2. 

The additional areas of the facility that support waste management activities must be 
explicitly identified and described in Chapter B of the application. These other areas are 
referenced in other sections of the application, but are not described elsewhere in the 
application. Describe the location, purpose, and support activities and support 
equipment and personnel that are located at the following: Support Building, Exhaust 
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Filter Building, Central Monitoring Room, Guard and Security Services Building, 
Emergency Operations Center, Safety and Emergency Services Building, Transuranic 
Package Transporter Maintenance Facility, Engineering Building, Pumphouse, Training 
Building, and other unspecified warehouse and maintenance buildings mentioned on 
page F-11 (line 23), as applicable. Revise Section B-1 c to clearly describe the additional 
areas of the facility that support operations in the permitted areas of the facility. 

RESPONSE 

Descriptions of some surface facilities shown on Figure B-6 appear in § B-1 c. Not all the 
facilities mentioned in the NMED comment are relevant to normal waste management 
operations (e.g., Engineering Building, Training Building). The reference to. page F-11, 
line 23 is inappropriate, as it merely identifies other buildings connected to the same 
firewater supply system. 

§ B-1 c has been revised to add descriptions of the support facilities. 

***** 

12. Chapter 8, Section 8-1, General Description, Section 8-1c, The WIPP Site, Page 8-
12, Lines 4-5. 

The text of Section B-1 c states that areas of the WHB used for contingency response are 
part of the WIPP facility requiring permitting. Explain, therefore, why the contact handled 
overpack and repair room is not shown as part of the WHB on Figure B-3. Revise 
Chapter B to justify the extent of the WHB that is proposed to be included in the facility 
permit. 

RESPONSE 

The overpack and repair room will no longer be used for TRU mixed waste management 
activities. See response to specific comment B-8 above. The portions of the WHB that 
have been designated as a container storage unit are described in the response to 
specific comment B-3 above. 

***** 

13. Chapter 8, Section 8-2, Topographic Maps, Section 8-2a, General Requirements, 
Page 8-13. 

The location of the closest environmental and human receptors used for compliance with 
the environmental performance standards of 20 NMAC 4.1, Subpart V, Subpart X must 
be identified on the appropriate facility map. Revise Chapter B figures to identify these 
additional site features. 
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RESPONSE 

The text in Chapter D better defines the nearest receptors. The boundary defined by the . ,,, • 
Land Withdrawal Act (where the closest receptor could possibly be) is used in the risk 
assessment calculations (§ D-9d(3)), although there is no public resident at that location. 
This is consistent with the way DOE assesses the potential for radiological exposure to 
the public. That boundary is shown on the topographic maps in this chapter, but there is 
no specified receptor. 

Topographic maps have been clarified. 

***** 

14. Chapter B, Section B-2, Topographic Maps, Section B-2a, General Requirements, 
Page B-13, Lines 14-15. 

The text of Section 8-2a states that there are no hydrocarbon production wells within the 
land withdrawal boundaries. Figure 8-17, however, shows what appears to be a number 
of producing oil and/or gas wells within the WIPP site boundary (e.g., WQSP). Revise 
Chapter 8 or this figure to address this discrepancy. 

RESPONSE 

The symbol used to denote the WQSP wells in Figure 8-17 is incorrect, making them 
appear to be petroleum producing wells. WQSP stands for Water Quality Sampling 
Program, and the symbol shape has been changed on the figure. 

Figure 8-17 has been revised. 

***** 

15. Chapter B, Section B-2, Topographic Maps, Section B-2a, General Requirements, 
Page B-13, Lines 19-25. 

Merely referencing the reader to Chapter D for information on hazardous waste 
management areas, buildings, structures, sewers, loading and unloading areas, fire
control facilities, flood-control and drainage barriers, runoff control systems and TRU 
mixed waste handling areas does not fulfill the requirements of 20 NMAC 4.1, Subpart V. 
This information is required to be provided on a topographic map(s) of the facility. Either 
revise Section B-2a to include figures showing this additional information, or identify the 
specific text sections and specific Figures in Chapter D that provide this information. 
Cross-references to Chapter D will not be acceptable. 

RESPONSE 

The specific text areas in Chapter D have been added to Chapter 8 for the various 
facilities identified. Some, however, have no relationship to the TRU mixed waste 
management mission of the WIPP. The sewer is not a stormwater drainage facility and 

... 
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does not communicate with any TRU mixed waste management activities. Runoff control 
is covered in§ D-9d(2) and is shown to have no connection with either the WH8 
container storage unit or the miscellaneous unit underground. 

§§ 8-2a and 8-2b have been revised with specific Chapter D forward references. 

***** 

16. Chapter B, Section 8-4, Traffic Information, Pages B-16 through B-18. 

The traffic information section of Chapter 8 is not sufficiently detailed to meet the 
requirements of 20 NMAC 4.1 Subpart IX, §270.14(b)(10). The section should clearly 
describe the types of traffic at the facility, including not only the waste handling trucks, 
but also the movement of other vehicles on shared roadways at the facility. Indicate 
what traffic is expected in the active portions of the facility, including types of vehicles, 
number of vehicles, and transportation routes. The location of signs, traffic signals and 
established speed limits must be explicitly discussed. Additionally, procedures to ensure 
safe passage of pedestrians should be discussed. Describe how speed limits and other 
traffic safety requirements will be. enforced. Revise Section 8-4 of the application to 
provide additional details on expected traffic of all types at the facility and procedures in 
place to ensure safe movement of all vehicles, trains, and people atthe facility. 

RESPONSE 

Traffic information has been expanded to include other vehicular traffic on shared roads, 
pedestrian crosswalks, alternate routes on site, return routes, rail traffic, and 
underground separation for mine construction traffic. 

§ 8-4 has been revised to expand traffic information. 

***** 

17. Chapter B, Section B-4, Traffic Information, Page B-17, Lines 2-3. 

Traffic patterns that involve rail transport are not discussed. Describe how rail transport 
of waste at the facility will take place, with respect to traffic patterns, use of various rail 
spurs, access control, signs, lights or barriers at roadway crossings, transport speeds, 
volume of rail transport expected, load bearing capacities of the rail lines, typical and 
maximum time from arrival to unloading, procedures to move the waste from the rail cars 
to the WH8, etc. Revise Section 8-4 to describe in detail traffic patterns that involve rail 
transport of wastes. 

RESPONSE 

Rail traffic details have been added as requested. 

§ 8-4 has been revised to expand traffic information. 
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18. Chapter B, Section B-4, Traffic Information, Page B-17, Lines 8-9. 

The alternate route that waste transport trucks may use to reach the WHB is not clear. It 
appears that the alternate route will require crossing railroad tracks. Provide a diagram 
clearly showing this alternate route, and describe when the alternate route may be used 
and when it will not be used. Revise Section B-4 to describe what safety measures are 
in place to ensure that transportation accidents will not occur where truck and rail traffic 
cross. 

RESPONSE 

The alternate truck route and on-site rail crossing have been addressed in new text 
added to the existing discussion. 

§ B-4 has been revised to expand traffic information. 

***** 

19. Chapter B, Section B-4, Traffic Information, Page B-18, Lines 1-3. 

Issues such as speed limits, traffic signs, number and types of vehicles, road surfaces 
and load-bearing requirements for roads inside the mine need to be addressed. Revise 
Section B-4 of the application to discuss underground traffic patterns in greater detail. 

RESPONSE 

MSHA regulations apply to the types of information requested in this comment. The 
WIPP facility complies with MSHA and is inspected quarterly. Furthermore, since waste 
emplacement activity is performed under a radiological work permit, traffic type, direction, 
and frequency is strictly controlled by operating personnel. 

§ B-4 has been revised to include MSHA oversight of these issues. 

* * * * * 

20. Chapter B, Figure B-19, WIPP Traffic Flow Diagram. 

The traffic flow diagram shows only part of the transport route to the WHB. The diagram 
should also show the transport route empty trucks will take when leaving the facility. 
Revise Section B-4 to describe transport routes to and from the waste management 
units. 

RESPONSE 

Return routes are the same as the loaded routes. 

Figure B-19 has been revised to show alternate and return routes. 
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21. Chapter B, Figure B-6, WIPP Surface Structures. 

Explain why a description of the hazardous waste activities that take place at Buildings 
474, 474A and4748 are not described in the text of the application. Revise the general 
description section of Chapter B to identify other activities related to hazardous waste 
management at the WIPP facility, and explain why a permit to conduct these activities is 
not necessary. 

RESPONSE 

Hazardous waste activities not associated with TRU mixed waste management do not 
need to be permitted and are discussed in this application in great detail. These 
activities are regulated under the RCRA generator standards in 40 CFR 262. A 
statement that these operations do not need to be permitted has been added to Chapter 
B. (See response to Specific Comment 8-5.) 

Text has been revised to indicate RCRA regulations are being met for hazardous waste 
operations. (Ref. comment 8-5.) 

***** 

22. Chapter B, Figure B-8, Underground Waste Transport Route. 

Figure 8-8 provides transportation to the panel but not from the panel. Since the 
narrative on page 8-18 states that underground traffic will travel on separate paths, the 
application should identify all transport routes. Revise Section 8-4 and Figure 8-8 of the 
application to describe underground transportation in greater detail. 

RESPONSE 

The figure has been revised to show return routes for waste transportation underground 
and both routes for construction traffic. 

Figure B-8 has been revised. 

***** 

23. Chapter B, Figure B-15, 1995 Average Yearly Cattle Density Within SO-Mile Radius 
of the WIPP Facility. 

Figure 8-15 includes a statement indicating that only 62,852 cattle are allowed within a 
50-mile radius of the WIPP facility. Please explain why this information is included in the 
application. 

RESPONSE 

40 CFR §270.14(b)(19)(1V) requires information on agriculture i.n the vicinity. 
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24. Topographic Maps, Map B-10. 

The key for Map B-10 indicates that the fire control facilities are addressed in Chapter G. 
This information should be provided in the narrative in Section B. While referencing 
another system is often acceptable, the reference must be specific enough so that the 
information can be readily located. Provide a specific reference in Chapter G, including 
tables, figures, or section number(s). 

RESPONSE 

Forward reference to Chapter G has been properly specified, both in§ B-1c and Figure 
B-10. 

§ B-1c and Figure B-10 have been revised. 

***** 

25. Topographic Maps: General 

None of the topographic maps address the requirement to include the location of the 
sewer system and wastewater control units. Revise the permit application to provide the 
location of underground pipes which transport sewage. Address where stormwater is 
separated from the sewage system if only one process system manages this type of 
waste. 

RESPONSE 

Neither the sewer or stormwater drainage facility communicate with any TRU mixed 
waste management activities that could lead to contamination of the environment. There 
are no sewers in any of the waste management areas. Only sealed TRUPACT-lls or 
road casks will be exposed to rainfall. Since these must have contamination free 
surfaces, runoff from them will not be contaminated. Nonetheless, NPDES stormwater 
discharge basins exist to capture all stormwater discharges from the vicinity of the WHB. 
These basins are on the topographic map in Figure B-10. Runoff control is covered in § 
D-9d(2) and is shown to have no connection with either the container storage unit or the 
miscellaneous unit underground. 

No revision has been made to the application. 

***** 

26. Topographic Maps: General 

The application must address drainage barriers. The topographic map must provide the 
location of drainage carriers used to divert surface water. Page F-16 specifies that 
Appendix D-3 of this permit application displays the water diversion system that has been 
constructed. Provide this information in Section B. 
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RESPONSE 

Drainage is covered by the site paving and grading drawing in Appendix 03. 

§ B-2b has been revised to reference the drawing in Appendix 03. 

***** 
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Introduction 

CHAPTER B 
FACILITY DESCRIPTION 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

2 

3 

This permit application describes the activities at the Waste Isolation Pilot Plant (WIPP) facility 4 

that are subject to permitting under the Resource Conservation and Recovery Act (RCRA) and 5 

the New Mexico Hazardous Waste Act (HWA). An aerial photograph of the facility is provided 6 

as Figure B-1. Specifically, this appli~tion addresses the lilll!lil~*!:!i:!§fiHii::::111 disposal 1 

of mixtures of radioactive transuranic (TRU) and hazardous wastes (referred to as TRU mixed 8 

waste) into undeF§FOUnd!i hazardous waste management units (HWMU). The subject of this 9 

permit application is TRU mixed waste disposal at the WIPP. For this permit application, diiaiti: 10 

~=~~~~~ ~~·:.~e~~~;~,:·;~~~~ :; 
~~nm1:::1M!m~t:::1:l*HiliHMl!Bl- These units will be appropriately permitted as missellaneous 13 

~under Title 20 of the New Mexico Administrative Code Chapter 4, Part 1 (20 NMAC 4.1), 14 

Subpart IX, §270.~1:§. The U.S. Department of Energy (DOE) is also seeking to permit a 15 

portion of the Waste Handling Building (WHB) ilU!~liiUill!l!.!:::iilli!il!i\119f:::mn21MI as a 16 

missellaneous 99illl!!II919.I unit! for waste handling activities under 20 NMAC 4.1, Subpart 11 

IX, §270.23. It should ee noted that the \AJM8 M'.'VMU is net a tFeatment, steFase, eF dispesal 18 

~The WHB ilm!!Mt:!1!t!9.! HWMU is shown on Figure B-3, !ll!!~!!!:@@l!IJ'':@r~UUl§~IJ.l@r 19 
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1::m1:::11t:::11g111:::11m1nm:::Bt11m1mRtt111.u1~t•1:::1r1:B1m111@~M:::rmeu1:]am11 
2 1m1:::mm1.1m1:::'="::::m::g11::1t.!!!!W~ 
3 

4 The Disposal Phase, projected to last 25 years, includes receiving, handling, and emplacing TRU 
5 and TRU mixed wastes in the WIPP geologic repository. Disposal operations may commence 
6 once compliance with applicable federal and state laws and regulations has been demonstrated 
1 and the certification and approval requirements of the WIPP Land Withdrawal Act (LWA) of 1992 
8 (Public Law 102-579) (U.S. Congress, 1992)1 are met. The DOE originally proposed a Test 
g Phase using TRU and TRU mixed waste testing at the WIPP facility. The Test Phase has since 

10 been abandoned as a result of reevaluation. The DOE has decided that radioactive waste tests 
11 can be conducted more efficiently at ether locations llltll'f!!l1::m::11ggi.:Jii!!!I· 
12 

13 Background 
14 

15 The WIPP Project was authorized by the National Security and Military Applications of Nuclear 
16 Energy Authorization Act of 1980 (Public Law 96-164). Its legislative mandate is to provide a 
11 research and development facility to demonstrate the safe disposal of radioactive waste resulting 
18 from United States defense activities and programs. The DOE is developing the WIPP facility 
19 to demonstrate the efficacy of an underground geologic repository for the safe disposal of TRU 
20 mixed waste currently stored at or generated by DOE defense installations. The LWA (P1::1talis 
21 Law 102 57Q) transferred jurisdiction of the land used for the WIPP Project from the Bureau of 
22 Land Management (SLM) to the DOE and provided additional authorization to continue the 
23 activities, including the phased implementation of the WIPP Project, initiated by Public Law 
24 "96-164. The LWA requirements focus on the criteria for certification of compliance with the long-
25 term disposal regulations developed by the U.S. Environmental Protection Agency (EPA). 
26 

21 Once the WIPP facility has obtained a hazardous waste permit, the facility will be used for the 
28 permanent disposal ofTRU waste, including TRU mixed waste containing hazardous constituents 
29 regulated under the HWA. Prior to initiating I! disposal eperatiens!f:iBil at the WIPP facility, 
30 however, the DOE must also demonstrate compliance with the requirements for Performance 

31 
1U.S. Congress, 1992, Public Law 102-579, Waste Isolation Pilot Plant Land Withdrawal Act, 102nd 

32 Congress, Washington, DC, October, 1992. The purpose of Public Law 102-579 is to withdraw certain 
33 public lands from the jurisdiction of the Bureau of Land Management (BLM) for the operation of the 
34 WIPP Project. The law provides for the transfer of the WIPP site lands from the Secretary of the 
35 Interior to the Secretary of Energy and withdraws the lands from entry, sale, or disposition; 
36 appropriation under mining laws; and operation of the mineral and geothermal leasing laws. The 
37 Secretary of Energy is directed to produce a management plan to provide for grazing, hunting and 
38 trapping; wildlife habitat; the disposal of salt tailings; and mining. The law provides prerequisites for 
39 the DOE and the Environmental Protection Agency (EPA) prior to initiating the Disposal Phase, 
40 including EPA review and approval of key WIPP programmatic documents. Roles and responsibilities 
41 for the U.S. Department of Interior, the U.S. Department of Labor, the Environmental Evaluation Group 
42 {EEG), the National Academy of Science (NAS), and the State of New Mexico are defined. 
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Assessment ~in Title 40 of the Code of Federal Regulations (CFR), Part 191 (EPA, 1993)2 
1 

and the requirements of the land disposal restrictions in 40 CFR Part 268. 2 

The rationale for preferring salt as the disposal medium for nuclear waste, in general, and for 3 

the WIPP facility, in particular, resulted from two decades of repository program activities. In 4 

1955, the National Academy of Sciences (NAS)-National Research Council was asked by the 5 

Atomic Energy Commission (AEC) to examine the issue of permanent disposal of radioactive 6 

waste. In a report published in 1957, the committee stated that it was convinced that radioactive 1 

waste could be disposed of safely and concluded that the most promising method of disposal 8 

of radioactive waste was placement in salt deposits. 9 

Salt was determined to be the most promising disposal medium because of its unique thermal 10 

and physical properties. It has a relatively high thermal conductivity, which serves to rapidly 11 

conduct heat away from the waste, and has favorable plastic, or creep, properties that permit 12 

sizeable strains to be absorbed without fractures. The existence of large salt deposits 13 

demonstrates isolation from circulating groundwaters for long periods of geologic time; the 14 

depositional nature and preservation of large salt deposits demonstrate regional stability for long 15 

periods of geologic time. 16 

Conclusions made from studies that took place from 1963 to 1970 were favorable, and in 1970, 11 

a site near Lyons, Kansas, was selected by the AEC as a potential location for a radioactive 18 

waste repository. The NAS endorsed this recommendation. Studies at Lyons further confirmed 19 

that salt is a good disposal medium. 20 

The site-selection process for the WIPP was initiated in 1973, with a review of available 21 

information on potential disposal sites. This work was directed toward salt beds and salt domes. 22 

The tentative selection criteria used in the initial stage of the process were geological and 23 

logistical in nature and stressed radiation and mine safety, hydrologic isolation, and ease of 24 

construction. The criteria specified the following conditions: a 1,000- to 2,500-foot (ft) (305- to 25 

762-meter [m]) depth to salt; a 200-ft (61-m) minimum salt thickness; a lateral extent of salt 26 

sufficient to protect against dissolution; favorable tectonics (low historical seismicity and no 21 

salt-flow structures nearby); minimal groundwater; low resource potential; a minimum number 28 

of boreholes; low population density; and maximum involvement of federal lands. From the 29 

bedded-salt regions surveyed in this stage, the U.S. Geological Survey and the Oak Ridge 30 

National Laboratory (ORNL) selected eastern New Mexico as the area that best satisfied the 31 

tentative selection criteria. 32 

2EPA, 1993. This regulation, which implements portions of the Nuclear Waste Policy Act, provides for 33 
generally applicable environmental standards for the protection of human health and the environment 34 
from radioactivity. The regulation includes standards for the management and storage of radioactive 35 
waste and spent nuclear fuel (Subpart A) and for the long-term disposal of these wastes (Subparts B 36 
and C). In 1987 a federal court vacated the standard and remanded it back to the EPA for 37 
reconsideration. The EPA published a final standard in the Federal Register. 38 
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During the second stage of the selection process, two of three New Mexico locations were 
2 determined to be inadequate: the Clovis-Portales site, because the shallow salt was very clayey 
3 and the purer salt was too deep, and the Mescalero Plains area, because of extensive oil-field 
4 development. After ORNL selected a site in the Delaware Basin for extensive characterization, 
5 the site was shifted twice in order to avoid drillhole penetrations through the salt within 2 miles 
6 (mi) (3.2 kilometers [km]) of the repository border. 
7 

8 In the final stage of the selection process, eight areas in the Delaware Basin in Eddy and Lea 
g Counties were evaluated. Eight additional selection criteria were used in this analysis: 

10 

11 1. The site should be at least 6 mi (10 km) from the Capitan Reef, a major aquifer, 
12 to avoid any possible dissolution hazard related to the nearness of the reef. 
13 
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2. To minimize potential conflicts with mineral resources, the central 4 square mi 
(10 square km) designated for the repository itself should not be in the known 
Potash District, and as little as possible of the surrounding buffer zone should be 
in the district. 

3. No part of the central area should be less than one mi (1.6 km) away from holes 
drilled through the Castile Formation into underlying rocks to avoid potential 
dissolution by water flowing upward through an inadequately plugged borehole. 

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

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

6. Bedding should be nearly flat, so far as can be determined by surface geophysical 
investigations, to ensure mine safety and ease of construction and to avoid the 
need for numerous exploratory holes with a subsequent risk to the integrity of the 
repository. 

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

8. The use of state and private land should be minimized, especially in the central 
area, to simplify land acquisition and to make residential relocation unnecessary. 

40 The WIPP site was selected as the best of the available areas considered, because the salt 
41 possessed the favorable characteristics of size, homogeneity, and depth, and because seismic 
42 data indicated that the site was in a syncline, making the accumulation of oil, gas, and 
43 geopressurized brines less favorable. Subsequent site-validation and facility-construction 
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activities have confirmed that site features are favorable for the long-term isolation of radioactive 
and hazardous waste constituents. 2 

Since Public Law 96-164 was enacted establishing the mission of the WIPP Project, program 3 

activities have focused on completion of major segments or phases of the project, thereby 4 

allowing significant progress to be made toward demonstrating the safety of the WIPP facility. 5 

Each major phase has provided an opportunity to study and evaluate the most recent 6 

information, individually and collectively, prior to proceeding with the next phase. The major .7 

phases of the WIPP Project began with the Preliminary Design (Title I) in October 1979, followed 8 

by Detail Design (Title II), which started in September 1981. Following the successful completion 9 

of the Site and Preliminary Design Validation (SPDV) program in July 1983, the Construction 10 

Phase was initiated during which surface structures for receiving waste were built and 11 

underground excavations were completed for one panel of rooms designed for permanent waste 12 

emplacement. The end of the construction phase was marked by a decision by the DOE Energy 13 

Systems Acquisition Advisory Board that all prerequisites for ending construction were met and 14 

documented to the satisfaction of the DOE's executives. 15 

Because the TRU mixed waste is subject to the RCRA Land Disposal Restrictions, the WIPP 16 

Project submitted a petition for a variance from m@ treatment Feq1:1iFemeRts@f.!ll:I!' based on 11 

a demonstration that the waste would not migrate beyond the unit boundary during a proposed 18 

Test Phase. On April 6, 1990, the EPA published a public notice of the agency's intent to grant 19 

a "conditional" No Migration Determination (NMD). The EPA's decision to grant the conditional 20 

determination was published on November 14, 1990. The EPA's approval of the conditional 21 

NMD for the WIPP facility would have allowed the facility to accept for placement in the 22 

underground a limited quantity of untreated TRU mixed waste for test purposes that would 23 

otherwise have been prohibited from land disposal during the proposed Test Phase. The DOE 24 

has since determined not to conduct the Test Phase activities with TRU mixed waste at the 25 

WIPP facility. The DOE is seeking an NMD for the Disposal Phase. Chapter L of this RCRA 26 

permit application describes the current DOE activities relative to no migration. 21 

The LWA (Public ba•.v 1Q2 57Q) established a framework by which the DOE can proceed with 28 

the phased implementation of the WIPP Project, including the initiation of the Disposal Phase. 29 

The LWA mandates certain prerequisites, however, that must be completed prior to the initiation 30 

of the Disposal Phase and that require the ongoing participation of several federal and state 31 

agencies in the review, inspection, and approval of the WIPP facility. Some prerequisites were 32 

applied to the Test Phase and no longer apply. Specifically, the prerequisites that are still 33 

applicable are: 34 

• The EPA must publish final repository disposal standards (40 CFR 191). 35 

(Completed in December, 1993) 36 
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• The EPA must issue criteria for determining whether the WIPP complies with 
environmental protection standards for the disposal of TRU wastes. (60 FR 5760 
Proposed Rule issued January 30, 1995) 

• The federal Occupational Safety and Health Administration (OSHA) must certify that 
it has reviewed the DOE emergency response training programs and has concurred 
that such programs are in compliance with 29 CFR 1910.120. (Completed July 
1993) 

• The EPA Administrator must certify that the WIPP facility is in compliance with final 
repository disposal standards. (40 CFR 191) 

• The DOE must submit decommissioning and post-decommissioning management 
plans to the U.S. Congress. 

• The DOE must notify the U.S. Congress that the WIPP facility is in compliance with 
all applicable federal laws pertaining to public health and safety of the environment, 
the attendant regulations, and permit requirements. 

• The DOE issued a Land Management Plan (October ~1:111> for the use of the 
land until the end of the decommissioning phase. 

• The DOE must acquire Federal Oil and Gas Leases No. NMNM02953 and No. 
NMNM02953C, 1::1nlessff the EPA determines that such acquisition is Ret-required. 

• The DOE must submit comprehensive recommendations to the U.S. Congress for 
the disposal of all TRU waste under DOE control, including a timetable for the 
disposal of such waste. 

• The DOE must complete, with notice and an opportunity for public comment, a 
survey identifying all TRU waste types at all sites from which wastes are to be 
shipped to the WIPP facility. 

34 In addition, the LWA places requirements on the DOE, the EPA, the Mine Safety and Health 
35 Administration (MSHA), the Bureau of Mines, and the State of New Mexico (NM) during Disposal 
36 Phase operations. Specifically, these are: 
37 

38 • The DOE must comply with all applicable federal laws pertaining to public health 
39 or safety of the environment, the attendant regulations, and permit requirements. 
40 
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• The DOE submitted in October 1994 to the EPA and the NM, and will submit every 
two years hereafter, documentation of compliance with these laws and regulations 2 

(to the extent appropriate). Determination and consequences of noncompliance are 3 

established in the statute. 4 

• The WIPP facility will not accept for emplacement high-level radioactive waste or 5 

spent nuclear fuel. 6 

• No TRU waste received at the WIPP facility may have a surface dose rate in 1 

excess of 1,000 rems per hr (rems/hr), and no more than 5 percent by volume of 8 

the remote-handled (RH) TRU waste received at the WIPP facility may have a 9 

surface dose rate in excess of 100 rems/hr. 10 

• RH TRU waste received at the WIPP facility shall not exceed an activity level of 11 

23 curies per liter (averaged over the volume of the canister), and the total curies 12 

of the RH TRU waste received by the WIPP facility shall not exceed 5, 100,000 13 

curies. 14 

• The total capacity by volume of the WIPP facility is 6.2 million cubic ft 15 

(175,600 cubic m) of TRU waste. 16 

• No TRU waste may be transported to or from the WIPP facility except in packages 11 

the design of which was certified by the Nuclear Regulatory Commission (NRC) and 18 

which satisfied the NRC's quality assurance requirements. 19 

• Prior to the transport of TRU waste to or from the WIPP facility, the DOE must 20 

provide advance notification to states and to Indian tribes through whose 21 

jurisdiction the DOE plans to transport the TRU waste. 22 

• The DOE shall provide technical assistance and funds to train public safety officials 23 

and other emergency responders in any state or to any Indian tribe through whose 24 

jurisdiction the DOE plans to transport waste to or from the WIPP facility. 25 

• The DOE shall periodically review the training provided in consultation with affected 26 

states and Indian tribes, the OSHA, and the National Institute for Occupational 21 

Safety and Health. 28 

• The DOE shall submit a study reviewing the technologies that are available and 29 

that are being developed for the processing and reduction of volumes of radioactive 30 

wastes. 31 

• The MSHA is required to inspect the WIPP facility four times per year. 32 
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• The U.S. Bureau of Mines is required to prepare an annual evaluation of the safety 
of the WIPP facility. 

• The DOE is required to provide the NM, the NAS, and the Environmental 
Evaluation Group (EEG) free and timely access to data relating to health, safety, 
and environmental issues at the WIPP facility. 

• The DOE is required to consult and cooperate with the EEG in the performance of 
its responsibility to conduct an independent technical review and evaluation of the 
WIPP Project. 

12 • The DOE is required to use both engineered and natural barriers and waste 
13 modifications at the WIPP' facility to isolate TRU waste after disposal to the extent 
14 necessary to comply with the final disposal regulations. 
15 

16 • The statute does not affect either the Consultation and Cooperation Agreement or 
11 the Supplemental Stipulated Agreement between the DOE and the NM except as 
18 explicitly stated in the statute. 
19 

20 In addition, the statute contains requirements related to the transportation of radioactive waste 
21 to the WIPP facility and instructions for the EPA with regard to establishing economic assistance, 
22 waste limitations, and decommissioning. 
23 

24 B-1 General Description 
25 

26 In this application the DOE is seeking a permit for the disposal of TRU mixed waste at the WIPP 
21 facility. Waste disposal will occur in the underground portion of the WIPP facility in areas 
28 designated as Panels 1 through 8. Each panel consists of seven rooms and two access drifts 
29 mined in a salt bed 2, 150 ft (655 m) below the surface. The precise locations and descriptions 
30 of the TRU mixed waste units are given in Section B-1 b. The underground disposal design 
31 capacity is for 6,200,000 cubic ft (175,600 cubic m) of waste, ef •.vhish up te 25Q,QQQ sueis ft 

32 (7,Q8Q sueis ~) ~ay ee RM waste. mw•~~Hl~Mnll:::1.11111.::111tHl.l!lilll::11n11::tti!::11::11111 
33 ~n~·,!t~n~~·:·~!i.ima1•11~·::~11:::ggg:::m1.1:::mn11:::~t:':Ml.!:::111::1111::11111.1!!:1:11.:::a.tm::g1111f!r 
34 s11m1~~~··n•¥m:~:::~n1::11m:::wJ?n!i:!!!mn1:1:::M:!m1::~1!::B-!mn:::11:1m::1.1ar1:111::11mf:: 
35 1:::arrnrn::m1e1~111a::11::111:::am::wa!1e•11::!11111111f!111rt1::t11::a1111a1:111a1::1111 
36 101::~§@:::¢,tnim1::111rm1;t:11::1111nm1!:·1111::111:•:1111111111:::11111111Ia~1::11ma:::11 
37 waste::inaHeietareasI 
38 

39 

40 

41 

42 

43 

:-:-:-:-:-:-:-:-:·:·:·:·:·:·:·:·:·:·:::<·.:::-:-.:::::::::::·.:·.:-.:'.:::'.:'.:::::::::::::::::·.:::'.:'.:'.:'.:'.:::::::::· 
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~fl.ii~ Qgescriptions of the container design to be used and !ii§aJ.11. operations during the 1 

bisi»os.a1 Phase are presented mii!!,nllli:Ili1!!{J:!IIIBIE1.!P:•tt.l~ftt.!HB!Y~ to support this 2 

permit application. The TRU mixed waste that will be disposed at the WIPP facility results 3 

primarily from activities related to the reprocessing of plutonium-bearing reactor fuel and 4 

fabrication of plutonium-bearing weapons, as well as from research and development. This TRU 5 

mixed waste consists largely of such items as paper, cloth, and other organic material; laboratory 6 

glassware and utensils; tools; scrap metal; shielding; and solidified sludges from the treatment 1 

of wastewater. Much of this TRU mixed waste is also contaminated with substances that are 8 

defined as hazardous under 20 NMAC 4.1, Subpart II, Subparts C and D, and subject to the land 9 

disposal restrictions of 20 NMAC 4.1, Subpart VIII. 10 

B-9 01110/96 4:02pm 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

WIPP RCRA Part B Pennit Application 
DOENVIPP 91-005 
Revision 5.2 

~111111:::111m1i1110111it!lunmm::::1111.11:::1.r1:::111E1111m11.t'-::11111111 

11111r•1111m1111•t11\1111•1~1111 
1m111ig:::1111t~um:::1111:::1t:1: 

!!lllJ!lmif::a1!Mlli!illlll'=Im!l.!!1::;1at1IllQP!:::w1.11:::1mm@IIB!HI 
11::::::111m-1nm:::::11m1.:::::111i~au1:101t11::::::111m1::111~1:i1r11:::::!mJ.111!1n1 
211rum111i1111::::::1!111~11::::::111111~::::::::::::1n1Im1111tu:::m::::::mm1111:•:i:1111 
a11mm1:::111mnum111l::1911~:::m11=M:111:::111111~::::n1:::§mmiieJ~:m1!1!111f:: 
•1111n:l:1t:I:11111::mnm:i:111:::ia111ia1:K11mirEI1r1::t::111111i~::::::::11111~ 
MmBn1rn1H1:::1!11:::111111J,: 

13 111111::1amtmt1:11m1::11.m1::111:::11::19111::11:::1m.a:::s11:1:*::::::11.11::11:::!111::11:::n1111911 
14 •1~~fimt1!!::::2t::!nttti111: 
15 

16 Wastes may be generated at the WIPP facility as a direct result of managing the TRU and TRU 
11 mixed wastes received from the off-site generators. Such generated waste may occur in either 
18 the WHB or the underground. For example, when TRU mixed wastes are received at the WHB, 
19 the shipping containers (the Transuranic Package Transporter II [TRUPACT-11) and the RH cask) 
20 and the TRU mixed waste containers are checked for surface contamination. W.riiitli&fii' 
21 9~r9Ym~i99!i~~ if contamination is detected, the shipping container and/or the TRU ';;;'i~~~r;;;i~' 
22 containers will be decontaminated er everpasked. In the underground, waste may be generated 
23 as a result of radiation control procedures used during monitoring activities. The waste 
24 generated from radiation control procedures will be assumed to be TRU and/or TRU mixed 
2s waste. Throughout the remainder of this permit application, this waste is referred to as "derived 
26 waste." All such derived waste will be placed in the rooms in HWMUs along with the TRU mixed 
21 waste for disposal. 
28 

29 Hazardous wastes generated at the WIPP, through activities where contact with TRU mixed 
30 waste does not occur, will ~e shipped ef:f site te a perr:Ritted fasility.;!!ilfii!ilill!H.il~DJllll 
31 ~n.•·22n~!~n~1i:•:!n2::1t?m:::,ftt::P1!J9g1::P§t::1,F.!lmn1::~n•;•u11:1::111111a::11::11::rim1::1f:;t:i:::111111 
32 ~•!•'=*·•:•§~~,g;~l'::µm.~::::m::1:]1MP:e.1;I!tt::;!'-'=•••t9t•••~r1:m.•m.::::1n!llt811.i1iu11:::1I1m11i1::::rt.11tt1;: 
33 ll!!••·:•'=t!••:•:s!b.il§Pfitln~t•i.~!ll!@l•:•::&!!g,ji]lfflBU§!:::@iliilti•~IIB@llB!!Bf:Ig 
34 fjMll••••ff•i•i•M•l!§Ba::•::m:1:::::1am::::111J.Jm::::12::•::1VD::Ji~!!11m1:•1:11111mm:1:1a:1:tn::::1!1HMil::::11 
35 ~11~~9··]1::·m~~tarm1:::1m~!i!inf: 
36 
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41 
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Terms that ha>Je special Feg1:1latory iRterpFetatioR aFB 1:1ses iR this permit applicatieR to sescFiee 2 

TRY mixes waste maRagement activities at the \AAPP Jacility. The fellowiRg aefiRitieRs aFe 3 

pFOviaea to assist the peFmit FBaaeF iR 1:1RseFStaRsiRg the inteRt of teFms as they aFe 1:1ses in this 4 

aoc1:1meRt. 5 

Miscellaneo1:1s URit 6 

A miscellaReo1:1s 1:1Rit is aefiRee iR 2Q NMAG 4 .1, S1:1epart I, §29Q.1 Q, as "a hazaF9e1:1s waste 1 

maRagemeRt l:IRit wheFe hazaF901:1s 'Naste is tFeatea, stoFea, oF aispeses of aRa that is not a 8 

containeF, taRk, s1:1rface impo1:1RsmeRt, pile, laRs tFeatment 1:1Rit, laRafill, iRciReratoF, eoileF, 9 

iRa1:1stFial fl:lmace, 1:1RseFgF01:1Rs iRjectioR 'Nell with appFOpFiate techRical staRsaFEls 1:1RaeF 4Q GF'R 10 

Part 146, coRtainment 91:1ilaing, coFFective actioR maRagemeRt 1:1Rit, OF 1:1Rit eligiele foF a FeseaFGh, 11 

aevelopmeRt, aRs aemoRstFatien peFmit 1:1nseF 4Q GFR §270.65." MiscellaReo1:1s 1:1nits incl1:1se 12 

salt ees feFmations in which hazaF901:1s wastes aFe maRages. IR the coRtext of 20 NMAG 4.1, 13 

S1:1epart IX, (peFmittiRg FBq1:1iFemeRts) aRa 2Q NMAG 4.1, S1:1epart V (techRical Feq1:1iFBmeRts), 14 

waste maRagemeRt in a miscellaReo1:1s 1:1Rit is s1:19ject to the appFOpFiate portioRs of the 15 

tFeatmeRt, storage, oF sisposal Feq1:1iFements applicaele to moFB typical RGRA Feg1:1lateel MWMYs. 15 

Raelioacti•Je Mixes VVaste 17 

The EPA defines radioactive mixed waste as waste that coRtaiRs hazaF901:1s compoReRts 18 

Feg1:1lated 1:1RaeF the RGR/>, aRd radioacti•Je coRstit1:1eRts s1:19ject to the Atomic eReFgy Act. ftoth 19 

radioactive mixed wastes and Fadioactive TRU wastes, as descFieed iR GhapteF G, fFOm DOe 20 

generator sites will ee emplaced d1:1Fing the Disposal Phase. The radioacti>Je mixed wastes aFB 21 

the s1:19ject of this peFmit application. Radioactive mixed wastes aFe FefeFFed to as TRY mixed 22 

•.vaste in this permit application. 23 

8-1 b The Disposal Phase 24 

The Disposal Phase operations, projected to last 25 years, will consist of receiving, handling, and 25 

I . TRU d TRU . d t . th WIPP ·t --""' ~,.,.,.,.,.,.,.fffii~·=·:;i;i;.i·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=·=~;;;;;tt;i;i;;;i=;;:~·=·;jii;i;'·'·'·' emp acing an m1xe was em e repos1 ory.-cttftt pfi!,!ilme!9f:!M~mregeb!~~! 2s 
~~P~teM.!'!!!!§1!'!19f!!i:Slosing the M'JVMUs, followed ey filling and sealiRg all shafts. Details 21 

of desigR aRd opeFatioR aFe incl1:1ded in Chapter D. 28 

This permit application covers the miscellaneo1:1s disposal 1:1Rits as a wt:iole. 8ecaYse waste 29 

emplacement activities aFe sched1:1led to extend eeyoRd the maximYm teR yeaF peFioEI feF which 30 

hazaF901:1s waste permits aFB typically issyed, waste emplacemeRt aRd paRel clos1:1Fe activities 31 

\•Jill ee schea1:1lea to coiRciae with the peFmit teFm te the exteRt feasible. 32 

rnniMe111~1:::n11111::11a211::mem::11111::e11111g::ttr:111::1111::m111:m1~111:::11t11 33 

in!!::lni[!f:il:tl\!lt!ll!!i!i\)l'=i\\:[IJ~II\if![P,RllU!iif: Waste emplacement will occur in one panel 34 
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II-at a time.:::e1::a1::1::::umit:~i::m11~:::1::11ma:::11m1. The peFR=tittiRg appi:eaeh will be 
2 to aehieve partial eles1::1re stat1::1s fer a paRel that has beeR filled aRd te eeRtiR1::1e 'Naste 
3 emplasement in an epen panel. Te de this, the nex-t 1:)§Ytlllltllii§gj panel te be opened 
4 will be mined while waste emplacement activities are"cond"lj.cied ... in .. t~eifopen panel. 11111 
5 m1:ml!~:1i:m1:;mt~111:::mr.1:11111~:111mtm11111:111111•i11i~11tn:::11•1:a11::H:;1S1 
6 !n11;1::::ImimJm;aa1;:::a11:1:•m1::1111~11amggm11n1:%n11111t:'-nmn1ui1.1;u:1 
1 P:lltm1.1m:::1111H11n:::1m:::~11::::m1:::1~:~•::at11m1:]11:::111111:1a::11:::!imli!a:=:m:~11:::~?m! 
s !§MS.if!:!j![i[~t!!i:::IPlm!B!f:e\1ery effort 1Nill be made to opeR, fill, aRd slese l=NVMUs 1::1Rder the 
9 same peFR=iit. Te Jaeilitate this effort, the DOe will s1::1bmit peFR=iit reRe!J.tal applieatieRs in a timely 

10 manRer. Mewe11er, eeRstrwstioR of new paRels may overlap s1::1eeessive peFR=tits. 
11 

12 During the Disposal Phase, other areas of the repository will be used for activities that support 
13 salt repository technology development programs. These activities are generally conducted-iR 
14 the area shewn in Fig1::1re 8 2 as the experimeRtal Area and in the vicinity of the Air Intake Shaft. 
15 lncl1::1ded are repository pl1::1gging aRd sealing st1::1dies, i:eek meehanics experimeRts, CM TRU 
15 ceRtainer performance experiments, RM TRU sontainer experimeRts, and briRe infle1N 
11 experiments. Table 8-1 contains examples of current nonwaste tests, their location, purpose, 
1s methods, and their durations. These tests do not involve or impact the TRU mixed waste 
19 disposal operations, the integrity of the WIPP facility, or the permitting of the HWMUs. 
20 

21 ~H1[§{1) Surface Hazardous Waste Management Uni~ 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

The WH8 is the surface facility where waste handling activities will take place (Figure 8-3). The 
WH8 has a total area of approximately 84,000 square ft (7,803 square m) of which 19,555$.1~17$. 
square ft <~~IS.I square m) are designated for the waste handling i.mt!!-1 of ee·Fl·tast .... 
handled (CH} fRU ........ mixed waste and 14 ,3QOIJ.l$.1\I square ft (J.::;U.i.~iii.j)$·q·u·are m) are 
designated for the waste handling gg]ftli.191 ofRH.TRU mixed waste·:····a"$';t1·own in Figure 8-3. 

ffit.li!'i!i!!::::1mil!mii!:iinmtll::::ij:!:i:i:S§ljl,i,ti[i!ill.l::::1=11~ The concrete floors are sealed 
with an impermeable coating that has excellent resistance to the chemicals in TRU mixed waste 

Am1!9ma:.tmm~t:~m1:;11:::11f:1:::n111nrm11nn:::1:::1em111::111a]11w.rn:m:::111.t1E1Hr1111. 
Pimi!~l::::stsl!«!i!!'lmmlll::::~!til!li'::m::::m11HINIQ~ System descriptions for the WH8 
HWMU and TRU mixed waste handling systems and a description of the impermeable coating 

are provided in Chapter D§!Sl§!Mifll~l.l~§l~iHll!f:ilt§l~[ffi[!f,!l@llJ~:::~g{fjjlfljJ.@lfll.~ 

@r!P:(~)(i:)::::::~~:::m~~=:::~i.*-~:::~~~:::~~1.i.m 
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35 The Cl=I TRU waste is transf3orted from the waste shaft te the eispesal reem in seven pasks ef 
36 drums or indivieYal standard waste bexes (SW8). A spesial lift fixtYre en a forklift is ysee te 
37 transfer the drums er SW8s te the waste stasks in the reem, 1t.·here they are f3lased en the #leer 
38 and stasked three high. Crums and bexes will net be mixed in any stasks, bYt there may be 
39 aeijasent stasks ef eFYms and bexes. eash eispesal panel has the sapasity te hele an average 
40 ef 612,795 GYbis ft (17,354 sYbis m) ef waste sentainers, assYming that 60 persent are erums 
41 ane 4 Q persent are S'IV8s. 
42 
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mashine has been set l:lp in fFont of a pFe laoFeel hole in the mom wall. The emplasement 2 

machine is l:lseel to pl:lsh the canisteF to the enel of the hole anel position a shiele pll:I§ in front 3 

of it. \'V.aste eisposal panels can Feceive l:lp to 23,QQQ c1::1laic ft (951 c1::1laic m) of RF! TRU mixes 4 

waste. 5 

A maxim1::1m of thFee TRUPACTs containing 42 eFl:lms, oF a S\OJ8s, of CF! '.tJaste anel seven s 
sanisteFS of RM w-aste may lae awaitins tFansfeF to an l:lnGef"SFOl:lne elisposal M'JVMU at any siven 1 

time. Time allocations foF \'VM8 ·.•taste tFansfeF anEI Elisposal asti•tities aFe siven in Fi§l:IFSS D 15 8 

anel D 17. g 
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The RH canister meets all the requirements of DOT specifications 7 A regulations. It is a carbon- 23 

steel single-shell container measuring 26 in. (0.7 m) in diameter, with an overall length of 121 in. 24 

(3.1 m), with a gross weight of 8,000 lbs (3,636 kg). The canister is vented using a carbon- 25 

composite high-efficiency particulate air-grade filter and is capable of overpacking three 30-gal 25 

(114-L) or 55-gal (208-L) waste drums or packaging uncontainerized waste. The top of the 21 

canister has a round plate pintle for remote handling purposes. 28 

The overpack RH TRU waste canister is the same as the RH canister, except it is 28 in. (0.7 m) 29 

in diameter and 133 in. (3.4 m) in maximum length and weighs a maximum of 10,000 lbs 30 

(4,535.0 kg) when loaded. 31 

B-1c The WIPP Site 32 

There are three basic groups of structures associated with the WIPP facility that will be used for 33 

the Disposal Phase: surface structures, shafts, and underground structures (Figure 8-5 and 34 
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1 Figure B-6). Surface structures accommodate the personnel, equipment, and support services 
2 required for the receipt, preparation, and transfer of TRU mixed waste from the surface to the 
3 underground. The surface structures are located within a perimeter security fence, and access 
4 is controlled 24 hours a day by security officers. AFRoRg syrfase ~blilEliRgs aFe tl:ie \'VHS, •11l:ieFe 
5 all &blrfase TRY FRixeEI ·.vaste pFeseBBiRg \•Jill take plase; tl:ie ixl:iablst PilteF iYilding, in wl:iisl:i aiF 
6 fFoFR tl:ie blREler:gi:eYnd will be filteFed in tl:ie blRlikely eveRt of a Felease of r:adioastive partisylates; 
1 tl:ie Sblpport iblildiRg, wl:iisl=I l=leblses o:ffise spase, sl=lange i:eeFR&, aRd tl:ie seRtFal FReRitoFing 
8 systeFR; aREI tl:ie Safety aRd EFR8Fg8R6Y SeFVises iblildiRg, wl:ieFS tl:ie eFRer:gensy Oper:atiORB 
9 CeRter is losated (FigYFe 8 e). Cetails of tl:ie &blrfase stFYstYFes aREI tl=leir ElesigR an9 

10 60RStFbl6tioR aFe in61b1Eled iR Cl:iapter C. m!1:1::111aJ::-•aa1i::::11~:::1mmr:::m11:::~11 
11 e1~111Ioot.1.u1.1:::1g111::m1:mm:;a.:~111amfit::11; 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
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31 

32 

33 

34 

35 

111~m:::11•:::1Y.1111.::1:::11m1:i11:;111r::11111:m,::mm;:~11::imu1an1;:11m1JMen 
B:m:u1:::1itim:::riirilimM~na11n:t11:11::1.r11•;1B1•111P:1mn1::;::::1t11m11g::::2r 
111:::s1111'1111:~u111119H:::1m1mi11:1111m:::1111111::::111:11au~:: 

IY.iHEifiBl@I@!!§ll:m::1mmm.1m:rn::m:111111:1i:11:@lfm!IU:B.11tl:IIlilll!~!U::;::1m1 
t11m1111.1!fl1::~B.11mn1::1111,1g1::r.41m11t4111.11::11m:1g111~:1::1B11t:111 
!e11n:::11:::11rg:::11:111:::1m11I1111:::1i,1•:::1::~aa:::111•1~ 

91!i\ltlfl):§illllif::!Bftilli!]lillll!t:::111Bllfil!ll1!!111Eilii!ftil 
v1nSJm,;::m.1:::1111i::J!!smt:::1111t1.:::1mr.11s11n111.1rf:amm.:::m1.1~11t-u1~=•• 
B111r1::::1n1ri::::::1.m1::::11:::::1i11mmi:~~a111~i::i11!!mm::::11::::~11:::::11mne: 
rii!Plal!:eemn1n1;;;11;:::11M1J1;1::11:::iW:1,mtJrt1:~MI1t!1.1:~:::11mun111::::1D1am 
is9:1m11.~:::@tm::~:111m11fi"ili~!enif: 

§gpppff.\'!lmll!,rjg\:}tti!4!il:::~n!:::@!O.Ki!H~!§0.~!!miHllliUIB!I!!ll!!ill!li::::@n1am1 
~rmj11em'::go9111i:]fl~:::1r!11~ei~::'g1991~11::::g1~~1:::1.m::!11em1r1r::~:::1~ 
~n!::llfM!:::ll!i!f: 

lllJ,!lltr!Elll!inlBHrl§ltti(\1\l99i.tl!:::1m;11:11::::11:::111E1!1!Hili§ilmll 
ll!!l![:mr::!P!!\l!~m.s::::~n~!v~tm1mf.1n1nfii::111:::a11tant11:::1s411~:::fJ-1am1 
11g::J.e:m.1r.1i1;;1:m!::1!Dgt1:::mr;1am!!~am1.1::m1::11.1tf:lm1m!l.1m11::11m1 
w!![BIJ:::!li!fl!!:::tillttii:::: 

36 The WIPP facility has been divided into functional areas as shown in Figure B-7. The Property 
37 Protection Area (PPA), formerly referred to as Zone I, surrounded by a chain-link security fence, 
38 encompasses ~*'11 acres (ac) (0.14 square km) and provides security and protection for all 
39 major surface structures. The DOE Exs1Ysi¥e Use~llllmil Area encloses approximately 
40 -MQOJ!~IBI ac (5e5g§! hectares) and serves the funciion .. ofdefining the DOE exclusion zone 
41 within which certain items and materials (e.g., firearms) are prohibited. Zone II indicates the 
42 surface projection of the maximum extent of underground development (i.e., areas excavated 
43 or planned to be excavated). The final zone is marked by the WIPP site boundary <f.:IBR land 

B-20 01/10196 4:02pm 



WIPP RCRA Part B Pennit Application 
DOE/WIPP 91-005 

Revision 5.2 

withdrawal area), a 16-section (16-square-mi [41-square-km]) federal land area under the 
jurisdiction of the DOE. The land sections were withdrawn by the LWA (U.S. Congress, 1QQ2), 2 

which authorized the use of the land for TRU waste emplacement. Volumetrically, the WIPP 3 

withdrawal area can be visualized as both surface and the underlying areas extending vertically 4 

to the center of the earth, with the exception of Section 31, where the depth of the withdrawal 5 

is to 6,000 ft (1,828 m). 6 

In terms of the facility, the RCRA facility is referred to as the WIPP facility and is the area 1 

contained within the WIPP site boundary. The active portion of the WIPP facility includes the 8 

WHB pppljn@[ii:iil§{ji.p HWMUfii!i!l!lllililili,lf.j:::::@llli!jpljn@[ii!i:lm@jij:::ft&Q~ and ~jg 9 

underground HWMUs for which a permit is sought. 10 

There are other areas within the WHB and the underground that have been constructed and 11 

equipped to ensure compliance with the general facility standards in 20 NMAC 4.1, Subpart V, 12 

and the environmental compliance standards to ensure safe waste handling disposal, public and 13 

worker safety, and environmental protection. These include the contingency response waste 14 

management areas (such as portions of the WHB), the waste shaft, the waste haulage ways, the 15 

underground ventilation system, the underground fire protection and emergency response areas 15 

and equipment, the underground communication system within the TRU mixed waste handling 11 

areas, and the emergency evacuation equipment. Chapter G provides a full description of 18 

contingency plans im::B,9111§•11::@81•••~ and response equipment lttim!i::•· lms::iniwn 19 

?n•······rria4m:::::::mg::::::~1::•in1i!!lwm1:11~::::::11:t:]:~m•1rti!1•:::::m11::::::11111:::::::rr,11111.l:•:•:=:1111t••••••1!:i11i:111 20 

?~§1snit•1••••:!9r::]na1111m:rn?tlmernE!le•:::::1!1111Y:1•:::::111aia1im1t1111~:ii:11i1a1!i~1 21 

r~s91r~P.mr:1n!umm!~¥* 22 

Four vertical shafts connect the surface facility to the underground. These are the Waste Shaft, 23 

the Salt Handling Shaft, the Exhaust Shaft, and the Air Intake Shaft. The Waste Shaft will be 24 

used to transport TRU mixed waste to the underground. It is also used to transport materials, 25 

large equipment, and personnel. The Salt Handling Shaft is the primary route for personnel and 26 

mined materials; it carries power, control, monitoring, and communication cables and serves as 21 

the secondary air-supply duct for the underground y~g~!~@ISi.· The Exhaust Shaft serves as the 28 

exhaust air duct for the underground. The Air Intake Shaft is the primary duct to supply fresh 29 

air into the underground and also serves as a backup for personnel egress from the underground 30 

during unusual or emergency events, when the previously mentioned shaft hoists are not 31 

operable. 32 

The WIPP facility underground structures are located on the repository horizon 2, 150 ft (655 m) 33 

under the surface. The underground structures include the active ha20ar:Qeys ti.•Jaste management 34 

aFea MDII· an area for future HWMUs (other panels), the shaft pillar area, interconnecting 35 

tunnels, and other areas unrelated to the Disposal Phase activities in this permit application. 36 

The underground HWMUs are defined as waste panels consisting of seven rooms and two 37 

access drifts each. The HWMUs included in this application are Panels 1 through 8 (Figure B-2), 38 

@o!••~!i~iniiitiii[@fii:::i§lii•ill!t~•=:@!iiii!i,l,j:U,i:f:!@§l!ijj§lj:@!flj:j~jg. Each room has the nominal 39 
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dimensions of 300 ft (91.4 m) long, 33 ft (10 m) wide, and 13 ft (4 m) high. Access drifts 
connect the rooms and have the same cross section. Figure B-8 is a map showing the 
movement of the TRU mixed waste throu h the facilit into Panel 1 iridltli.::li.tilmfitilftiffdfitne g y ·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 
!@g§ppqtf~ Chapter [) previees eQetailed descriptions of the panel and room system,theU~r! 

illl1~11r.11~111r11111;:t;;~~:ill11;;:1:~;~:2:m;~~.t=:1i~i::~1;11;: 
g9;111n111::-1::101::1H11::11mm::111111g:11a::a::1m.11m.:::r.n:11::111Rf:iRteF60RRestians 
with the}Mlfii ventilation system, ane the TRY rni*ee waste rnovernent re1::1teslis\6$6iib.ed]in 
iiP!IM:QfJ!i~lllfl~ The DOE intends to operate the WIPP facility in a manne~·'·th·;r~'i"~T;;;Ii~;' 
the number of HWMUs that are open at any one time. Generally, panels will fall into one of 
!~ categories: 

• Unmined (future) panels 
• The panel undergoing mining 
• The panel being filled with waste 
• The filled panel being closed 
• Closed panels 

t=::::[:::::g11B[:111::::@ma:::111 

20 B-2 Topographic Map 
21 

22 Topographic maps of the WIPP site and facility, as required by 20 NMAC 4.1, Subpart IX, 
23 §270.14(b)(19), are presented in Figures B-9 and B-10. In accordance with the note located at 
24 the end of 20 NMAC 4.1, Subpart IX, §270.14(b)(19), and due to the large size of the facility, the 
25 scale on Figure B-9 is 1 inch= 1,000 ft. Contour lines on Figures B-9 and B-10 are at intervals 
26 of 10 ft (3 m) (except those within the PPA fence on Figure B-10, which equal 1 ft. [0.3 m)), 
21 reflecting the flat desert-plain topography at the WIPP site. In addition, a contour map at the 
28 approximate midheight of the underground facility is presented in Figure B-11 and depicts the 

2s elevation of the underground unit relative to sea level. liil~l!l:::ll:~llli::~l:lf.fi!:~!B~i. 
30 ~!i?il!!::91::~11:::!:tl§ii.!~ 
31 

32 B-2a General Requirements 
33 

34 A map scale, date, and north arrow are shown on Figures B-9 and B-10. The WIPP facility is 
35 not in a 100-year floodplain, and there are no major surface-water bodies within 1 O mi (16.1 km) 
36 of the site. Therefore, these requirements are not included on Figure B-9 or Figure B-10. 
37 

38 There are no hydrocarbon production wells within the volumetric boundary defined by the land 
39 withdrawal. One active well, referred to as James Ranch 13, was drilled in 1982 to tap gas 
40 resources beneath Section 31. This well was initiated in Section 6, outside the WIPP site 
41 boundary, and slanted to enter Section 31, north of Section 6 and within the WIPP site boundary. 
42 The well enters beneath Section 31 below a depth of 6,000 ft (1,828 m) beneath ground level. 
43 
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Grazing leases have been issued for all land sections immediately surrounding the WIPP facility. 
Information regarding other land uses on and nearthe WIPP facility is illustrated in Figures 8-12 2 

through 8-17. Access control features, such as fences and gates, buildings, and other surface 3 

structures, are illustrated in Figure 8-10. Moi:e eetaileEI iRfe~atieR aml figui:es coRcemiRg the 4 

hazaFElous waste maRagemeRt aFBas, euilaiRgs, stFUctuFes, seweFS, loaaiRg aRa uRleaaiRg aFeas, 5 

fii:e ceRtFel facilities, fteeEI ceRtFGI aRa EIFaiRage eaFFieFS, FUReff ceRtFGI systems, aREI TRU mixed 6 

1.-..aste haRaliRg ai:eas ai:e pi:eseRtea iR ChapteF D. §!{f:ljj)llj,§lirnilliliiiijp!]ijjti,rnllpglrnflf 7 

:1:1,1(?:ll!Ut::::a10111mmmm::::::1111111111t:m11111::::::1nu:::11m11!tHnt:11:1m11u::m11P:~t:j,aarn~n.1 a 

i :l 
mmu11.1!f::::1am1.11::::tm111,111;:::::::::::111111::::m11::::101:::m111u1Erws1M111::::11:::::;;ntr;i::::mu19.ti1· 13 

~nrerm1mn:;: 14 

B-2b Additional Requirements for Land Disposal Facilities 15 

The prnpesea point of compliance for environmental performance standards is the WIPP facility 16 

boundary;f:~n!l!Jt:::=1E:!§!]:m!!BI!l!!Mm~::::::1rn!g,::::::1:::::1rfi::n1!J.Jlili:::::11mim!!~H::n11:::::!t:::::!n! 11 

the only pathway of concern. (Because the waste is not in liquid form and because waste 20 

containers are required to be closed at all times, waste mobility during operations is very limited.) 21 

An environmental pathway analysis and assessment of the environmental performance of the 22 

miscellaneous unit are included in Chapter D§~mmn::::t1§Cll 23 

Environmental performance groundwater monitoring is not considered necessary forthe Disposal 24 

Phase because the waste will not contain free liquids per 20 NMAC 4.1, Subpart V, 25 

§264.90(b)(2). !01::::!!e1~:::mr1:::1!n1s:.er~a~9t! m111a111.Mm1u1ur:11m1:::1111:::mu•m1 26 

~n9sr94.n9~!f!!fi::12:mn~~1:!imstn!ra'4*1!00P~r•~M::ir::11::111mr::191~11i!l::em::l11a. 21 

Chapter E§~g!Pl!il]!,f~jp:l!B~i![Stf address groundwater monitoring, and Appendix E1 ~§@~ijfl 2a 
J$12?;\\j@.pg\\\s11l presents RCRA groundwater protection information. ChapteF [) appeRElices 29 

m?P~n~~~§·::::§~::::'!l!~[:Q§ contain detailed descriptions of WIPP site characteristics, including 30 

geology and hydrology, and maps of known water-bearing zones. No contamination has, and 31 

it is highly improbable that any contamination will, enter the groundwater from the regulated unit. 32 

Emissions of hazardous volatile organic sempeunas (VOC~ are demonstrated to be far below 33 

levels of concern for protection of workers, members of the public, and the environment {§§II.Pi 34 

lt¥~(f)~- voe emission standards for containers in 40 CFR §264, Subpart CC, will not apply 35 

to the TRU mixed waste containers because voe emissions standards are currently deferred 36 

for mixed waste containers tiinilJ,ai=!m!ir:iin:::§~::::!:fl§ji!l!i!'tiiil::mtii!i!B:rmfiti!:i!!§Pf!iJ.i::a111 37 

eiitiri::::1xtmP:t11:::111:::•1Pa:::a::::r19Mi!minl· 38 
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B-3 Location Information 

3 The WIPP facility is located in the Pecos River Valley section of the Great Plains physiographic 
4 province in the north-central part of the Delaware Basin. The facility is north of the Jal Highway 
5 (State Highway 128) in Eddy County, New Mexico (Figure B-18), and consists of 16 sections of 
6 federal land in Township 22 South, Range 31 East. IJIMlliJII@r@j!j~§ii!l!f.fi'!!if~i~§~U~§llIPf 
1 11::=:::1111::::1ftllrmu:1.t11:~m~i:1111t.m!1::!:11::::1.11•1:I:11::~•1Pt1!:::::tr1~,11:::::~111:~~::1:11:::::g1r,111~, 
8 11:::~e1111~::::11::11m111:::11g:::mm111: 
9 

10 Selection of the WIPP site followed an extensive study of potential sites and was based on 
11 stringent site-selection criteria. Investigation of the geographic area proposed for the WIPP 
12 facility, the Los Medalios region of southeastern New Mexico, began in 1973 with a careful 
13 review of the extensive geologic database developed by potash and hydrocarbon industry 
14 exploration in the area. The results of this review were favorable, and detailed characterization 
15 of the present site was initiated in 1976 with drilling of a stratigraphic borehole, ERDA-9, at the 
15 center of the proposed site. For details regarding WIPP site characterization, geology, and 
11 hydrology, see Appendix 06. 
18 

19 Between 1975 and 1988, over 95 boreholes were drilled, and over 35,000 ft (10,668 m) of core 
20 were retrieved specifically for geologic evaluation of the site. More than 40 of these boreholes 
21 have been used to acquire hydrologic data needed to establish models of local and regional 
22 hydrology. A detailed and exhaustive study of the geology of the WIPP vicinity was completed 
23 in 1978. In addition, a variety of geophysical exploration techniques, including electrical 
24 resistivity, seismic reflection, gravity, and magnetic surveys, have contributed to and updated 
25 understanding of the many aspects of site geology. 
26 

21 A comprehensive WIPP Project research and development program began in 1975 with 
28 investigations of salt-creep properties and constitutive laws, gas generation from the degradation 
29 of TRU waste, corrosion behavior of TRU waste containers, and backfill behavior. From 1981 
30 through 1983, field tests were conducted on waste package materials, large-scale salt 
31 deformation, and brine transport in a potash mine near the WIPP site. Investigations in the 
32 WIPP facility underground began in 1982 with the instrumentation of the Salt Handling Shaft and 
33 selected underground drifts. An extensive underground (in situ) test program for 
34 thermal/structural interactions, plugging and sealing, brine inflow, and waste package 
35 performance began in 1983 and is still in progress. 
36 

37 The SPDV program (1981-1983) was developed and implemented to permit direct observation 
38 of geologic conditions at the proposed repository horizon and to allow determination of the 
39 geomechanical response of the salt beds after excavation of underground workings. Two shafts 
40 were drilled, and a four-room test panel was excavated at the selected disposal depth. 
41 Extensive data from geologic investigations showed the geology of the disposal horizon to be 
42 consistent with predictions based on previous site investigations. 
43 
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Located in Eddy County, New Mexico, the WIPP site is not listed in 20 NMAC 4.1, Subpart V, 2 

Appendix VI, "Political Jurisdictions in Which Compliance With §264.18(a) Must Be 3 

Demonstrated." Therefore, the WIPP site is assumed to be in compliance with the requirements 4 

of 20 NMAC 4.1, Subpart V, §264.1 B(a). 5 

B-3b Floodplain Standard 6 

The WIPP site does n~t lie within a 100-year floodplain. There are no major surface-water 1 

bodies within 10 mi (16 km) of the site. The site is SfJfJFeMimately 12 mi (19 km) from the nearest 8 

river, the Pecos River (Figure B-18). The general ground elevation in the vicinity of the surface 9 

facilities (approximately 3,400 ft [1,036 m] above mean sea level) is about 450 ft (137 m) above 10 

the river bed and 400 ft (122 m) above the 100-year floodplain. Although there are no flood- 11 

protection requirements for the WIPP site, the WIPP facility drainage and diversion structures, 12 

which include berms and dikes, have been constructed so that ponding, resulting from a 13 

probable maximum precipitation (PMP) event, will not affect surface or subsurface structures. 14 

The floor levels of all surface facilities are above the levels calculated for local flooding due to 15 

PMP events. Even though the elevation of the underground unit is over 2,000 ft (610 m) below 16 

the level of the surface unit, the underground unit is protected from flooding by berms and dikes 11 

that divert water away from the open shafts (the Salt Handling Shaft and Air Intake Shaft) as 18 

shown in Figure 8-10. 19 

B-3b(1) Demonstration of Compliance 20 

The WIPP facility is not in a 100-year floodplain as defined in 20 NMAC 4.1, Subpart V, 21 

§264.18(b)(2)(i), and as regulated under 20 NMAC 4.1, Subpart V, §264.18(b)(1 ). Floodplain 22 

regulations are not applicable to the WIPP facility. 23 

B-3b(1 )(a) Flood-Proofing and Flood-Protection Measures 24 

The WIPP facility is not in a 100-year floodplain as defined in 20 NMAC 4.1, Subpart V, 25 

§264.18(b)(2)(i), and as regulated under20 NMAC4.1, Subpart V, §264.18(b)(1). Flood-proofing 26 

and flood-protection measures are not applicable to the WIPP facility. 21 

B-3b(1 )(b) Floodplain 28 

The WIPP facility is not in a 100-year floodplain as defined in 20 NMAC 4.1, Subpart V, 29 

§264.18(b)(2)(i), and as regulated under 20 NMAC 4.1, Subpart V, §264.18(b)(1 ). Floodplain 30 

regulations are not applicable to the WIPP facility. 31 
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1 B-3b(2) Plan for Future Compliance with Floodplain Standard 
2 

3 The WIPP facility is not in a 100-year floodplain as defined in 20 NMAC 4.1, Subpart V, 
4 §264.18(b)(2)(i), and as regulated under 20 NMAC 4.1, Subpart V, §264.18(b)(1 ). The plan for 
5 future compliance with the floodplain standard regulation is not applicable to the WIPP facility. 
6 

1 B-3b(3) Waiver for Land Storage and Disposal Facilities 
8 

9 The WIPP facility is not in a 100-year floodplain as defined in 20 NMAC 4.1, Subpart V, 
10 §264.18(b)(2)(i), and as regulated under 20 NMAC 4.1, Subpart V, §264.18(b)(1'). The waiver 
11 for land-storage and disposal facilities regulation is not applicable to the WIPP facility. 
12 

13 B-4 Traffic Information 
14 

15 Access to the WIPP facility is provided by two access roads that connect with 
16 U.S. Highway 62/180, 13 mi (21 km) to the north, and NM Highway 128 (Jal Highway), 4 mi 
11 (6.4 km) to the south (Figure B-18). The northern access road, which connects the site to 
18 U.S. Highway 621180, is an access road built specifically for the DOE that will be used to 
19 transport TRU mixed waste from the highway to the site. The southern access road is a county 
20 highway maintained by Eddy County. Road-pavement materials and construction, as well as 
21 other road features, were designed in accordance with specifications given by Bechtel (1981a4

, 

22 1981 b5
). Signs and pavement markings are located in accordance with the Uniform Traffic 

23 Control Devices Manual (Bechtel, 1981a). Access-road design designation parameters, such as 
24 traffic volume, are presented in Table B-2. Rail access is available and may be used for TRU 
25 mixed waste transport during the Disposal Phase lliltllilllil@llll~ljlUlllt!JJlilliB@!!:::!I.! 
26 ;p;n§~f929en:•:'W1tti=n11n11:••!1••:•1M~rt•:11mtt1nitMr11::::11111111101::::1111:u1:•:•1•1::•:t.~:u11i• 
21 !n9.4g!os'·m~:::t:tmtn1::::rm11t•·::1!!!!]!!1~1!1:::1111~'=:::~mm:11:::~1~m11u111~:I::1:::11t1.111::::11n11:11.! 
28 ~v.~n 91~~!!:=i1rt!!:•:¥10.111:•:m,1~~:]111~::::?9!:::1:·••ni!•:•r!9.!'=r!1:::t1::m1::::111::::1!i!!:•1mn!1•••~:::11111;: 
29 

30 Bi~i,.:·.i2F.111.•.::11::::em::::•:•::mf:::••!er!11:•••~rni••••1emm1m:.:::12!111:::::re11:::::tmim!!:::::11:::::111H1a111 
31 ~i1ri~,~··••P9t••·1~1•••ne~:::a~!:::1tm•••n9tt.tilm••:•11P!~:•:t111::::1111::::11::11:::n,mt111111lm:i111:::::1t,,:11~• 
32 j]l.•••t?~gw!)f•!1·•·:1m11:::•1§1v1:::11::::1w.11n!ms••••t1!l!1nrn11H1.ms.I1111:::mm1.1::::1u1.1m11111::::rm1 
33 mP:vmn~nmi••••,:§1:2gmv:•sP1m1:•1••1~•·11~•·~~·it!1:m11:111::P111:::m:s•n:::ma11::1a::;mn 

34 
4Bechtel, 1981a. This document establishes the design requirements for the northern access road and 

35 contains information applicable to the southern access road. Design standards applied include 
36 Standard Specifications for Road and Bridge Construction, New Mexico State Highway Department 
37 (NMSHD) 1976, and Standard Details, NMSHD (latest edition). 

38 
5Bechtel, 1981b. This specification covers the furnishings and constructing of aggregate and 

39 bituminous pavement for roads and parking. Codes, specifications, and standards applied include 
40 AASHTO T 11-82, AASHTO T 27-82, AASHTO T 30-78 (R 1982), AASHTO T 89-81, AASHTO T 90-
41 81, AASHTO T 96-77 (R-1982), AASHTO T 104-77 (R 1982), AASHTO T 164-80, AASHTO T 165-82, 

.; •1 

42 AASHTO T 166-78 (R 1982), AASHTO 167-82, AASHTO 245-82, ASTM D 1557-78, ASTM D 2216-80, . • 
43 and NMSHD-1976. 
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1 

2 

3 

6 

Access to the facility for personnel, visitors, and trucks carrying supplies and TRU mixed waste 1 

is provided through a security checkpoint (Yfil!!l!Uli)· After passing through-a::=~!!i.! security 8 

checkpoint (see Figure F-1), TRUPACT-11 TRU mixed waste transport trucks will normally tum 9 

right (south) before reaching the Support Building and then left (east) to park either at the air 10 

lasks ar in the-tRIGK parking area HB! just east of the air locks fii§ii;:::l.f,~:[~}. An alternate 11 

route is to continue straight ahead from the security checkpoint to the second road and to tum 12 

south to enter the truck parking area. Salt transport trucks, which remove mined salt from the 13 

Salt Handling Shaft area, will not cross paths with TRU mixed waste transporters; instead, they 14 

will proceed from the Salt Handling Shaft northward to the salt pile. Figure B-19 shows surface 15 

traffic flow at the WIPP facility. 16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

The traffic circulation system is designed in accordance with American Association of State 31 

Highway and Transportation Officials (AASHTO) Site Planning Guides for lane widths, lateral 32 

clearance to fixed objects, minimum pavement edge radii, and other geometric features. Objects 33 

in or near the roadway are prominently marked in accordance with the standards in Bechtel, 34 

1981c.6 
35 

6Bechtel, 1981c. This document identifies the design requirements for on-site roads and sidewalks of 36 
the WIPP that are used for distribution and storage of vehicles and personnel. Design standards 37 
applied include The Standard Specifications for Road and Bridge Construction, New Mexico State 38 

(continued ... } 39 
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On-site roads, sidewalks, and paved areas are used for the distribution and storage of vehicles 
and personnel and are designed to handle all traffic generated by employees, visitors, TRU 
mixed waste shipments, and movements of operational and maintenance vehicles (Bechtel, 
1981c). The facility entrance and TRU mixed waste haul roads are designed for AASHTO 
H20-S16 wheel loading (Bechtel, 1981c). Service roads are designed for AASHTO H10 wheel 
loading (Bechtel, 1981 c). Access and on-site paved roads are designed to bear the anticipated 
maximum load of 80,000 pounds (36,287 .2 kilograms), the maximum allowable weight of a truck/ 
trailer carrying loaded TRUPACT-lls. 

The facility is designed to handle an average of-3~Udfil truck trailers per day,· each carrying 
·=·:·:·:·:·:·:·:·:·:·:·'.· 

three TRUPACT-lls and-eR&j:ll! truck trailerl per day carrying one shielded road cask. This is 

iil1~•~•~;:=&;;:~imii:;;m~;11••~~~::~.igi;~11111~~1111 
i111:!!11]11::11v1g,g::m.;::gii::1!!J11tmm1m.a~::em::nm•::r111t11a:•1mB11::111m11 
!Ytnt1m11t~ 

11 Underground traffic, with and without TRU mixed waste, will travel on separated paths. The 
18 ventilation and traffic flow path in the TRU mixed waste handling areas underground are 
19 restricted and separate from those used for mining and haulage equipment [lggfi.IS!l.).WIIU 
20 An"mtBYm::::•mmm::i1:::B~11111!1::111111[:§M:::11a::11i:::111111111111::111:::1iiliiiiii!n 
21 !~tt;•::••::.ms•••~1i11:•]inH11::::1a111911•:::11111e::re1:::1,11111a11::ia1111:;11b.wt:ifii111111111;: 
22 ~n•···~gg~f!n'1::::mnms11Jmm"'11:::~!~::•1.1Y111:::mfi:•:•m19.1:::1111.:::nmam::•111:::1n1. 
23 

27 

28 §m9!•·•wim::1111B1n~::@~1:::m1.~m•:·1::.1111s~iita1:::~1im~~•:::r1.111t1u1n1::111u.1 
29 ~n~~noo::1~··a1!~Mime11~•nt:·r2em•·••@m•~~1:::991~r211'=~ 
30 

31 ( ... continued) 
32 Highway Department (1976); Standard Details, New Mexico State Highway Department (Latest 
33 Edition); Geometric Design Guide for Local Roads and Streets, American Association of State Highway 
34 Officials (1971); Thickness Design. Asphalt Pavement Structures for Streets and Highways CMS-1) 
35 1970, The Asphalt Institute; Construction Specifications for Asphalt Concrete (SS-1), The Asphalt 
36 Institute, current edition; Standard Specifications for Highway Bridges, The American Association of 
37 State Highway and Transportation Officials (AASHTO), current edition; and Standard Specifications for 
38 Transportation Materials and Methods of Sampling and Testing (AASHTO), current edition. 
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U.S. Congress, 1992, 'Waste Isolation Pilot Plant Land Withdrawal Act," Public Law 102-579, 1s 
Washington, D.C. 1s 

U.S. Environmental Protection Agency (EPA), 1993, "Environmental Radiation Protection 11 

Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic 1a 
Radioactive Wastes," 58FR66398. 19 

B-29 01/10196 4:02pm 



TABLES 



Test Title 

Repository 
Plugging and 
Sealing 
Studies 

Rock 
Mechanics 
Experiments 

TRU Waste 
Container 
Performance 
Experiments 

Thermal-
Structural 
Interactions 

Brine Inflow 
Studies 

Marker Bed 
Studies 

Facility 
Permeability 

TABLE B-1 
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Revision 5.2 

SUMMARY OF NONWASTE TESTS CONDUCTED 
IN THE WIPP FACILITY 

Location Description Duration I 
Experimental Testing is designed to evaluate the procedures and techniques Complete 
Area (Rooms L 1 , for installing plugs and seals and to evaluate the long-term (1995) 
L2, D) physical and chemical behavior of candidate materials. The 

results are germane to the post-closure performance of the 
WIPP facility. 

Experimental A multiphase test is in progress to evaluate the geomechanical Complete 
Area (Rooms H, response of the rock formation to a range of stresses, including (1995) 
G1, A1, A2, A3, stresses in excess of those anticipated to be encountered in the 
C1, C2) underground facility. This information is germane to the 

prediction of the long-term behavior of salt. 

Experimental The performance of CH TRU and RH TRU container materials Complete 
Area (Rooms A 1 , when exposed to anticipated long-term repository conditions is (1995) 
A2, A3, B, T) being evaluated. These tests are germane to estimating the 

corrosion rates on containers under severe repository 
conditions. 

Experimental Testing of materials, including salt and backfill materials and Complete 
Area (Rooms A 1 , waste package materials, is performed under a series of (1994) 
A2, A3, T) conditions ranging from dry to brine-saturated. Results are 

useful for estimating extreme case interactions between backfill 
materials and various waste components. 

Numerous Brine sampling includes the collection of brine in a number of Complete 
locations shallow boreholes distributed throughout the underground. (1995) 
(including Brine quantities are measured and brine samples are analyzed. 
Room Q near the Room Q is a circular room, configuration of which was selected 
base of the Air to maximize the fraction of incoming brine that can be collected 
Intake Shaft, in instrumented containers and measured directly without the 
Rooms D, L4) need to infer brine volumes. Data on brine inflow and chemistry 

are used to infer brine transport mechanisms. 

Geotechnical This study includes evaluations of the transmissivities of Marker Complete 
Area (Rooms C 1 , Bed 139. Data are directly related to long-term repository (1995) 
C2, L3, D) transport mechanisms. 

Throughout The objective is to test the permeability of the nondisturbed Complete 
facility zone at many locations from the north to south ends of the (1995) 

mine. 
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TABLE B-2 
2 

3 

4 

WASTE ISOLATION PILOT PLANT SITE DESIGN DESIGNATION 
TRAFFIC PARAMETERSa 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Traffic Parameter 

Average Daily Traffic (ADT)b 

Design Hourly Volume (DHV)c 

Hourly Volume 
(Max. at Shift Change) 

Distribution (D)d 

Trucks (T)8 

Design Speedh,i 

Control of Access1 

North Access Road 
(No. of Vehicles, 
unless otherwise 

stated) 

800 

144 

250 

67% 

2% 

70 mph (113 kph) 

None 

South Access Road 
(No. of Vehicles, 
unless otherwise 

stated) 

400 

72 

125 

67% 

0 

60 mph (97 kph) 

None 

1a aFor WIPP personnel and TRU mixed waste shipments only. 
19 bADT-Estimated number of vehicles travelling in both directions per day. 
20 cDHV-A two-way traffic count with directional distribution. 
21 dD-The percentage of DHV in the predominant direction of travel. 

· 22 °T-The percentage of ADT comprised of trucks (excluding light delivery trucks). 
23 

1Control of Access-The extent of roadside interference or restriction of movement. 
24 9NA-Not applicable. 
25 hmph-miles per hour. 
26 ;kph-kilometers per hour. 
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On-Site Waste 
Haul Roads 

(TRUPACT-11 
Traffic) 

6 

NA9 

NA 

NA 

100% 

25 mph (40 kph) 

Full 
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Plan View of Waste Disposal Horizon Showing 

Underground Hazardous Waste Management Units 
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Figure 8-3 
Waste Handling Building - Container Storage Unit 
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FACILITIES. USAQE ANQ STRUCIURE NUMBERS 

! 
BLDG./ BLDG./ 
f'AC. f DESCRIPTION f'AC. N DESCRIPTION 
252 SPS UTILITY SUBSTATION 474 HAZARDOUS WASTE STORAGE FACILITY 

I 253 13.8 KV SWITCHGEAR 25P-SWC15/1 474A HAZARDOUS WASTE STORAGE BUILDING 
254. I AREA SUBSTATION N0.1 25P-SWl5.1 474B HAZARDOUS WASTE STORAGE BUILDING 
254.2 AREA SUBSTATION N0.2 25P-SWl5.2 474C OIL & CREASE STORAGE BUILDING 

? 254.3 AREA SUBSTATION N0.3 25P-SWl5.3 4740 GAS BOTILE STORAGE BUILDING . 
254.4 AREA SUBSTATION N0.4 25P-SW15.4 474E HAZARD MATERIAL STORAGE BUILDING g 
254.5 AREA SUBSTATION N0.5 25P-SWI 5.5 474F WASTE OIL RETAINER 
254.6 AREA SUBSTATION N0.6 25P-SWl5.6 475 GATEHOUSE 
254.7 AREA SUBSTATION N0.7 25P-SW15.7 480 VEHICLE fUEL STATION 
254.8 AREA SUBSTATION N0.8 25P-SW15.8 482 EXHAUST SHAfT HOIST EQUIP. WAREHOUSE 
255.1 EMERGENCY GENERATOR f 1 25-PE 503 485 SULLAIR COMPRESSOR BUILDING 
255.2 EMERGENCY GENERATOR f 2 25-PE 504 486 ENGINEERING BUILDING 
311 WASTE SHAn 489 TRAINING BUILDING 
351 EXHAUST SHAn 816 SANDIA TEST WELL (NOT IDENTIFIED) 
361 AIR INTAKE SHAn 906 UNDERGROUND OPERATIONS TRAILER 
362 AIR INTAKE SHAn/HOIST HOUSE 907 TRANS. & HAZ. MATERIAL HANOI.ING TRAILER 
363 AIR INTAKE SHAH/WINCH HOUSE 908A ENVIRONMENTAL MONITORING LAB TRAILER 
364 EFFLUENT UONITORING INSTRUMENT SHED A 908B UNIVERSITY CONSORTIUM TRAILER 
365 EFFLUENT MONITORING INSTRUMENT SHED B 909 PROJECT CONTROL TRAILER 
366 AIR INTAKE SHAn HEAOFRAME . 910 ENVIRONMENTAL MONITORING TRAILER 
371 SALT HANDLING SHAFT 911A SITE LOCKSMITH TRAILER 

t1l 372 SALT HANDLING SHArT HEAOfRAME 9118 SANDIA M 101 TRAILER 
~ 384 SALT HANDLING SHAn HOISTHOUSE 911C SANDIA OFFICES TRAILER 
<» 384A SALT HOIST OPERATIONS 911E SANDIA TRAILER 

411 WASTE HANDLING BUILDING 91 IF SANDIA B49 ANO 849 ANNEX 
412 TRUPACT MAINTENANCE BUILDING 911G SANDIA LABS TRAILER 
413 EXHAUST -SHAn FILTER BUILDING 912 TRAINING TRAILER 
41JA UONITORING STATION A 914A TRAINING TRAILER 
413B MONITORING STATION 8 915 NEW MEXICO ENVIR. DEPT. TRAILER 
414 WATER CHILLER FACILITY & BLDG 916 SANDIA OrrtCES TRAILER 
451 SUPPORT BUILDING 917 AIS MONITORING 
452 SAFETY & EMERGENCY SERVICES FACILITY 918 voe TRAILER 
453 WAREHOUSE/SHOPS BUILDING 918A voe AIR MONITORING STATION 
454 VEHICLE SERVICE BUILDING 918B voe LAB TRAILER 
455 AUXILLIARY WAREHOUSE BUILDING 950 WORK CONTROL TRAILER 
456 WATER PUMPHOUSE 951 PROCUREMENT / PURCHASING 
457N WATER TANK 25-D-OOlA 952 TRAILER (7-PLEX) 
457S WATER TANK 25-D-OOIB 971 HUMAN RESOURCES TRAILER 
458 GUARD ANO SECURITY BUILDING 982 MAINTENANCE TRAILER 
459 CORE STORAGE BUILDING 985 QA TRAILER 
459A SANDIA ANNEX 986 PUBLICATIONS & PROCEDURES TRAILER 
463 COMPRESSOR BUILDING 988 TRAINING TRAILER 
465 AUXILIARY AIR INTAKE 991 SANDIA OfflCES TRAILER 
468 TELEPHONE HUT 992 SANDIA CALIBRATION LA8 TRAILER 

c 473 ARMORY BUILDING 993 SANDIA OfflCES TRAILER .. 994 SANDIA LAB TRAILER ; 995 SANDIA OA RECORDS TRAILER 

i 
Legend to Figure B-6 
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WIPP PART B PERMIT APPLICATION REVIEW 
WASTE ANALYSIS PLAN 

CHAPTER C 

GENERAL COMMENTS 

1. In general, the Waste Analysis Plan presented in Chapter C of the WIPP Part B 
permit application, Revision 5.0, lacks important and necessary detail. Specific 
concerns regarding waste sampling/analysis, acceptable knowledge, RH waste 
characterization, and verification procedures are presented in General Comments, 
below. In addition, the permit application does not adequately address the following: 

• Discrepancy resolution (e.g., waste stream identification via process knowledge vs . 
analytical results). For example, refer to General Comment No. 3 and Specific 
Comment Nos. 2, 71, 72, 75, and 85. 

Potential for development of explosive conditions in the subsurface from hydrogen 
and/or methane generated by canister corrosion and biodegradation, respectively. 
Specific Comment Nos. 4, 13 and 16 reflect concerns raised in Chapter C which 
may be better addressed in other chapters. Future requests for information from 
these other chapters will identify specific concerns and their locations. Chapter C 
itself does not necessarily require modification to respond to these concerns. 

Waste acceptance criteria relative to voes. For example, refer to Specific 
Comment Nos. 12 and 14. 

• Waste incompatibilities. For example, refer to Specific Comment Nos. 13, 17 and 
18, and commentary on Appendix C1. 

RESPONSE 

Specific Comment (13) notes that critical incompatibilities not considered in the 
compatibility analysis are the reaction of WIPP brine with steel waste containers to 
produce hydrogen gas and generation of methane by microbial decay. However, after 
ten years of studying the flow of Salado brine into the WIPP excavations, the WIPP 
Brine Sampling and Evaluation Program has demonstrated that the small quantities of 
brine seeping into the facility cease after two to four years. Since a panel will remain 
open for a period of about four years, any brine seeping into the panel will be 
evaporated into the circulating air. Thereafter, the potential for hydrogen gas 
generation by corrosion of steel waste containers is highly unlikely. With respect to 
methane gas generation, the panel closure design incorporates seals that are 
designed to withstand a methane explosion that could occur after a period of 20 
years. Therefore, explosive gas generation is limited to methane gas, which has been 
accounted for in the panel closure design . 

••••• 
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• Headspace gas. For example, refer to commentary on Appendix C2. 

• QA/QC. For example, refer to Specific Comment Nos. 46, 47, and 50-54. 

Chapter C of the Part B permit application must be revised to provide additional 
information on these topics and to address these and other concerns pertaining to 
these issues, which are articulated in Specific Comments, presented below. 

RESPONSE 

Chapter C has been extensively revised to address these concerns. See responses 
to specific comments for details. 

***** 

2. Chapter C of the permit application does not provide sufficient discussion of sampling 
and analyses intended to characterize waste at the generator site and how this 
information will be verified and checked by the generator. It also does not include 
waste analyses data that are currently available, and does not include volumetric data 
regarding how much waste from each waste summary category is anticipated for 
disposal at WIPP. For example, the permit application pays only cursory attention to 
sampling and analyses procedures for Waste Summary Categories S3000 and 84000, 
and does not discuss how many drums of waste from these categories will be 
sampled, analyzed, and statistically evaluated prior to shipment, as detailed in the 
1995 QAPP, Section 5.0. [The QAPP (1995) indicates that all drums will undergo 
headspace gas analyses and RTR, with limited visual examination of all waste 
categories and limited confirmatory sampling of Waste Summary Categories S3000 
and 84000.] Revise Chapter C of the permit application to include more detailed 
information regarding sampling and analyses performed at the generator site, 
verification and checking of this information, and to include available waste analyses 
data. For example, refer to Specific Comment Nos. 8, 11, and 21-63. 

RESPONSE 

Chapter C has been revised to include detail of sampling and analysis as it is outlined 
in the QAPP. This detail was added to the text of Chapter Caswell as the 
appendices related to these topics. Also, more detail was added about verification of 
the generator site's waste analysis data through site audits and through the 
acceptance process of a waste stream. At this time, the waste analysis data that are 
presented in Appendix C2 is all that are available to include in this application. 

The application has been modified to include additional detail throughout Chapter C. 
See responses to the specific comments for details. 

***** 

3. The WAP indicates that acceptable knowledge will be used to characterize waste 
intended for WIPP. As stated in EPA guidance, acceptable knowledge can be broadly 
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defined to include "process knowledge" information, waste analysis data from facilities 
that generate waste, and/or the disposal facility's records (in this case, WIPP) 
performed before the effective date of RCRA regulations. Acceptable knowledge can 
be used in lieu of obtaining and analyzed samples of the material to be disposed of as 
it enters the WIPP, prior to disposal. The WAP implies that the process knowledge 
aspect of acceptable knowledge will be used for the majority of waste 
characterization. In fact, other WIPP documents indicate that up to 80% of the waste 
intended for WIPP may be debris or special waste, and will thus be characterized 
primarily via process knowledge. However, the WAP does not include a sufficiently 
detailed description of the processes associated with waste generation, which is 
necessary to demonstrate that process knowledge will suffice as a major portion of 
the "acceptable knowledge" characterization activity. For example, Table C-1 does 
not provide sufficient information to determine whether the wastes result from a 
consistent or batch process and the specific process/operation that the waste was 
generated by. Revise the permit application to include more detail regarding the 
specific processes associated with waste generation. Also include a detailed 
discussion regarding how each site will implement acceptable knowledge to identify 
wastes; consistent implementation is required to ensure that each site uses the same 
standards, criteria, etc. when identifying waste via process knowledge. Sufficient 
information to describe acceptable knowledge processes should be presented in a 
separate document included as an appendix to Chapter C. This document must 
present a sound basis for characterization based upon acceptable knowledge. Refer 
to Attachment A, for specific examples of these deficiencies requiring revision, and 
Specific Comment Nos. 11, 19, 27, 31, 32, 35, 39, 40, and 41. 

RESPONSE 

The detail that is provided in the text on waste generating processes is intended to be 
general since the waste generating processes at each generator site is different. 
Table C-2 provides the waste stream descriptions, as well as the hazardous waste 
codes associated with those waste streams, and represents the generator sites' best 
estimates at this time. All information provided in Table C-1 will be subject to the 
verification processes described in Section C-5. Acceptable knowledge has been 
addressed in much more detail than it was previously. Information about acceptable 
knowledge procedures, verification of acceptable knowledge, and audits of the 
generator sites with respect to acceptable knowledge has been added as Appendix 
C9. 

The application has been extensively modified to include more detail and an appendix 
about acceptable knowledge has been added. See responses to the specific 
comments for details. 

* * * * * 

4. The 1995 QAPP addresses the CH waste characterization, but does not address 
waste characterization activities for the RH waste. Section 1.2.1, page 9 of 40 of the 
QAPP (1995a) states that the 1995 QAPP "currently addresses only contact-handled 
TRU waste characterization activities. Future revisions will include requirements for 
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both CH TRU and remote handled TRU wastes." In light of this statement, the WAP 
cannot reference the 1995 QAPP for RH QA/QC activities, or sampling and analysis 
activities for RH TRU mixed waste. The WAP also states that RH information will be 
included in the Methods Manual when complete; however, the permit application must 
also include this information. Revise the permit application to include or reference 
complete characterization requirements for RH waste. If sufficient information is not 
available, DOE may need to consider eliminating RH waste from the permit 
application. Refer to Specific Comment Nos. 30 and 58. 

RESPONSE 

At this time detailed information on RH TRU waste characterization methods is not 
available. A table was added to the Chapter (Table C-7) which gives a summary of 
expected sampling and analysis techniques that will be used for RH waste 
characterization. Due to the radionuclide levels of some RH waste, certain limitations 
may be put on RH waste characterization activities that may require the identification 
of alternate methods. 

Table C-7 was added to Chapter C to provide a summary of RH waste 
characterization activities. See responses to the specific comments for details. 

***** 

5. The permit application exhibits numerous inconsistences between chapter text, tables, 
figures, appendices and referenced documents, as well as terminology discrepancies 
and inconsistencies. Specifically, inconsistencies between the tables submitted 
attached to the WAP and the tables within the appendices are apparent; e.g., the 
target analyte lists and the methods to be used are variable from table to table. 
Revise the permit application to rectify these inconsistencies. For example, to ensure 
consistency of the quality of data among all generators, include one table which 
provides a comprehensive list of the compounds of interest and the associated 
methods, or justify the method variations. Refer to Attachment A for detailed 
commentary. Also refer to Specific Comment Nos. 5 and 8. 

RESPONSE 

All tables and text in Chapter C have been revised so that there is consistency with 
the QAPP. The tables now include all of the same constituents for given analyses. 
Also, other chapters of the application, such as the Part A, have been revised to 
ensure this consistency. See responses to the specific comments for details. 

The application was modified to be consistent throughout Chapter C, and the rest of 
the application, with the QAPP. 

***** 
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6. There are numerous instances where the permit application only presents the positive 
side of an event and never addresses the negative side of the same event. The 
following are examples: 

• DOE indicates that RTR will confirm that the physical form of the waste matches 
the waste stream description, but does not state what will be done if RTR does not 
confirm the description. 

• DOE states that annual concentration comparisons of VOC drum content and risk
based level (presumably included in Chapter D) will confirm that VOC monitoring 
is not necessary to protect human health, but does not state what procedures 
DOE will enact if this comparison shows VOC levels to be above the health-based 
standards defined by DOE. 

Revise the permit application to address these and similar situations equally. For 
example, refer to Specific Comment Nos. 21, 68, 71 and 77. 

RESPONSE 

Chapter C was reviewed to identify situations where only the positive side of an event 
was presented. All of the situations identified have been revised to address the 
actions that will be taken in the event that the negative side occurs. The text was 
changed to describe potential negative events and the actions that will take place if 
that occurs. The flow diagrams (Figures C-1 and C-2) were also changed to logic 
diagrams, and decision blocks show what would happen if the flow of a process 
doesn't occur as planned and what decisions are made in the process. 

The application was modified to include details about how negative situations will be 
addressed. See responses to the specific comments for details. 

* * * * * 

7. The Phase I and II waste shipment screening and verification program (including the 
waste profile form, off-site generator audits, manifest examination, waste tracking, 
LOR notice, visual verification, data transmittal, data verification and records 
management) is inadequate and lacking in detail. The chapter must be revised to 
include all the information necessary at a sufficient level of detail. Refer to Specific 
Comment Nos. 64-104. 

RESPONSE 

More detail has been added about the Phase I and II verification processes as well as 
all the other levels of verification. An additional figure has been added (Figure C-5) to 
clarify the different levels of verification. A subsection has been added to Section C-5 
addressing the VVVVIS database and how data are transmitted and used by the WIPP. 
More detail has also been added about the Waste Stream Profile Form review, 
manifest review, LOR review, and audit program. 
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The application has been modified to include more detail about verification processes. 
See responses to the specific comments for details. 

***** 

8. Since much of the information regarding waste handling, sampling and analysis and 
overall QA/QC procedures for all of the wastes to be accepted at WIPP are 
referenced in the QAPP, NMED recommends that relevant portions of the QAPP be 
attached as an appendix to the permit application. Much of the information in 
Appendices C4 and C6 are excerpted from the QAPP, yet the QAPP includes other 
sections that detail important aspects of waste analyses that should be included in the 
permit application, such as Section 5 of the 1995 QAPP. 

RESPONSE 

Appendices C4 and C6 have been modified to include more detail from the QAPP 
about QA/QC of sampling and analysis. Appropriate sections from Chapter 5.0 of the 
QAPP (statistical sampling) have also been added. 

* * * * * 

9. The procedure for approving waste analysis methods which deviate from approved 
SW-846 methods must be clarified in the application. NMED will accept EPA approval 
of DOE alternate methods without requiring that they be incorporated into SW-846. 
Refer to Specific Comment No. 56. 

RESPONSE 

The Methods Manual only incorporates program specific requirements such as QAOs, 
data reporting requirements, and other specific requirements for TRU waste 
characterization. The analyst is referred to the SW-846 method for the actual 
analysis. In the event that the SW-846 method cannot meet program specific QAOs 
an alternate method may be submitted to CAO for approval. Since the original 
method is not acceptable for use due to inability to meet QAOs, the alternative 
method must be more sensitive and stable. This would mean that the methods 
submitted as alternatives would be more restrictive in terms of data acceptability than 
SW-846 methods. A description of the CAO procedure for submittal and approval of 
alternative analytical methods and the difference between methods manual methods 
and SW-846 methods have been included as appendices. 

The application has been modified to include the CAO procedure for submittal and 
approval of alternative analytical methods as Appendix C7, and the differences 
between the methods manual and SW-846 in Appendix C12. 

* •• *. 
10. NMED is concerned about how potential breakdowns in the waste characterization 

process at the generator sites would be identified and at what level of severity NMED 

6 



would be notified. 20 NMAC 4.1, Subpart V, 264.13(a)(4) requires inspection and, if 
necessary, analysis of waste received by the owner/operator of an off-site facility. 
Since DOE will not be conducting analysis of wastes received at WIPP, NMED needs 
assurances that the process of waste characterization at the generator sites is 
adequately monitored and audited, and that any significant failures are disclosed to 
NMED in a timely fashion. Revise the applicable sections of the chapter to address 
these concerns more clearly. 

RESPONSE 

More detail has been added relative to the generator site audit process. The chapter 
now addresses how, due to the observations/findings of a generator audit, the WIPP 
will put a hold on a particular waste stream until corrective actions are complete. 
Notification of the NMED will occur as required by the regulations. The RCRA portion 
of the audit will generate a report of RCRA observations/findings. The corrective 
actions for these observations/findings will be tracked at the WIPP. 

The application has been modified to include more detail about the generator site 
auditing process in Section C-5a and Appendix C11. 
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WIPP WASTE ANALYSIS PLAN REVIEW 

CHAPTER C 

SPECIFIC COMMENTS 

1. Chapter C, C-1 Facility Description, Section C-1 a, Description of Processes and 
Activities at the WIPP, Page C-5, Lines 2-7. 

The permit application states that ''waste from DOE ... sites ... (that meet) the WAC will 
be disposed of at the WIPP facility." However, the permit application does not 
indicate which sites will provide the majority of wastes to be shipped to WIPP. Revise 
the permit application to identify the specific sites that may be principal sources of 
TRU-mixed waste, and clarify the certification requirements to be met before a DOE 
site may ship waste to WIPP. Ensure that Figure C-3 is complete and accurate. 

RESPONSE 

This paragraph has been revised to list all major generator/storage sites and clearly 
reference Figure C-3. Figure C-3 is current and accurate. The certification 
requirements are addressed in Section C-5 of the Waste Analysis Plan, and are not 
appropriate here. 

The application has been revised in Section C-1 a to clarify the identification of 
generator sites. 

* * * * * 

2. Chapter C, C-1 Facility Description, Section C-1a, Description of Processes and 
Activities at the WIPP, Page C-5, Lines 18-22. 

The permit application indicates that discrepancy resolution shall occur, but does not 
provide sufficient detail regarding how this will be undertaken. Further, the permit 
application does not address how damaged waste containers will be managed in 
sufficient detail, including the need for overpacking, where this activity will take place, 
how long drums may be maintained in an overpack area prior to management, etc. 
This section also does not provide a sufficient overview of waste management once in 
the subsurface, including waste loading options/orders, anticipated time to fully load a 
room and panel, backfill emplacement (e.g., whether backfill is considered and the 
impact that backfill could have on waste stabilization, including gas generation), and 
timing of panel seal emplacement (partial closure). Revise the permit application to 
include a sufficient overview of these elements. Alternatively, revise the permit 
application to reference where, in the permit application, these specific elements are 
addressed. 
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RESPONSE 

More detail and references have been added to the sections describing the waste 
handling processes. The discussion of discrepancies was not expanded in this 
paragraph; however, a reference was made to Section C-5b of the chapter where 
additional detail has been provided. 

The detail on facility operations is provided in Chapter D. Section C-1a has been 
revised to provide additional detail, and specific forward references to Chapter D have 
been added. 

The application has been modified including specific references to the parts of the 
application where the requested information is located. 

3. Chapter C, C-1 Facility Description, Section C-1a, Description of Processes and 
Activities at the WIPP, Page C-5, Lines 13-14 and 37-38. 

The permit application indicates that decontamination of CH and RH waste canisters 
could be required, but does not provide sufficient detail regarding how waste 
generated from RH waste container decontamination activities will be managed. 
Revise the permit application to indicate how this decontamination waste will be 
managed. Alternatively, revise the permit application to reference where, in the permit 
application, this information is detailed. 

RESPONSE 

Decontamination waste is referred to as derived waste. This waste will be managed 
in the same manner as the TRU waste received from off-site for disposal. The 
management of derived waste is discussed in greater detail in Chapter D. A specific 
forward reference has been added to the paragraph to direct the reader to Chapter D. 

The application has been modified in Section C-1 a to include reference to the section 
of Chapter D where detail about derived waste management is included. 

* * * * * 

4. Chapter C, C-1 Facility Description, Section C-1a, Description of Processes and 
Activities at the WIPP, Page C-5, Lines 27-29 and Page C-6, Lines 11-19. 

The permit application states that the amount of RH TRU mixed waste disposed in 
each panel is limited, based on thermal and geomechanical considerations. However, 
the permit application does not indicate whether other considerations, such as gas 
generation potential via canister corrosion, will also be taken into account. Revise the 
permit application to discuss these considerations more thoroughly and to describe 
how RH and CH waste emplacement will occur relative to these limitations. 
Alternatively, revise the permit application to reference where in the application these 
concerns are addressed. 

9 



RESPONSE 

The design of the repository only took into consideration the thermal and 
geomechanical considerations. The geomechanical considerations relate to RH 
boreholes not intersecting, while the thermal considerations were impacts to the salt 
due to a maximum thermal capacity. The long-term considerations, such as gas 
generation, were not incorporated into the design since the intent of the design was 
operational. Chapters D and I have been revised to discuss gas generation in detail. 

Chapter C has not been revised in response to this comment since the information is 
provided in other Chapters of the application. 

***** 

5. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Pages C-6 through C-9. 

The permit application provides a brief overview of the waste stream concept as well 
as waste summary categories, but the discussions are incomplete and do not 
integrate other waste designators presented on tables (e.g., final waste form group, 
Table C-1, waste categories in Appendix C1), or waste designations referenced within 
supporting documentation (e.g., waste profiles, waste matrix codes, waste material 
parameters). Revise the permit application to include a more complete discussion of 
these waste designators. While it is understood that some of these subdivisions (e.g., 
content codes) were developed for waste description other than RCRA, a discussion 
regarding how these waste categories interrelate should be provided since appendices 
and tables still include these designators. 

RESPONSE 

A brief description of each identifier has been added to the text, along with a cross 
correlation table (Table C-1) that has been developed to show the relationship 
between the identifiers. Some identifiers are known by multiple names (e.g., final 
waste form =waste matrix code group). Since all of the identifiers were developed for 
various reasons, some apply to the application and some do not; however, all were 
included in the table and discussion to ease referencing to other documents. 

The application was modified to include waste stream identifier descriptions to Section 
C-1 b and a cross correlation table as Table C-1. 

* * * * * 

6. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-7, Lines 10-14. 

The permit application indicates that sorting waste by waste streams will minimize the 
variability of hazardous constituent concentrations among waste containers, but this is 
not supported by information presented within the permit application. For example, 
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the waste streams "solidified process residues" and "solidified wastewater treatment 
sludge" apparently contain similar constituents, but concentration of the constituents is 
not discussed. It is therefore not apparent how this division will "minimize the 
variability of hazardous constituent concentrations among waste containers" in all 
instances. Further, the statement following this discussion pertaining to waste 
sampling is out of place, as sampling and analyses of specific waste categories is yet 
to be introduced in the text, and the sentence does not designate which waste 
categories will be sampled and analyzed for hazardous constituents. Also, this does 
not distinguish between waste in storage vs. newly generated waste, for which the 
proposed sampling and analyses applies. Revise the permit application to address 
these concerns. 

RESPONSE 

This paragraph was intended to explain that the hazardous waste codes for all the 
waste generated by a particular waste stream should be the same. Waste streams 
that have similar names do not necessarily carry similar hazardous waste 
constituents. 

The application was revised in Section C-3 to read: "Generator sites will use 
acceptable knowledge to sort waste containers into waste streams for the purposes of 
grouping waste for further characterization. Since the waste is characterized on a 
waste stream basis, minimal variability of hazardous constituents between waste 
containers in a waste stream will provide for a more representative characterization of 
the waste stream. The analyses performed will not differ based on the waste stream, 
only on the physical form of the waste (i.e., debris waste cannot be sampled for totals 
analysis). Both stored and newly generated wastes will be separated in the same 
fashion, though the types of acceptable knowledge used may differ." 

The paragraphs describing acceptable knowledge and subsequent sampling and 
analysis have been moved to Section C-3. Newly-generated and retrievably stored 
wastes are also discussed in Sections C-3a and C-3b, respectively. 

* * * •• 

7. Chapter C, C-1 Facility Description, Section C-1b, Identification Of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-7, Lines 24-26. 

The permit application indicates that if new hazardous waste codes are identified for a 
given waste stream, ''those wastes" cannot be accepted at WIPP without a permit 
modification. However, it is not clear whether shipment of a particular waste stream 
from all generator sites will cease. or whether shipment of the specific waste stream 
from the generator site that detected the discrepancy will cease if the new code is 
identified. This is important because potentially, unless shipment of entire waste 
stream is ceased, there is the possibility that hazardous waste not on the Part A could 
be shipped. It is also very unclear how a new EPA waste code could be identified 
(e.g., process knowledge, sampling and analyses, headspace gas, etc.). Revise the 
permit application to address these concerns. 
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RESPONSE 

Individual waste streams are site-specific; therefore, the particular waste stream from 
that generator site would be unacceptable. A review of similar waste streams at other 
generator sites will be done to ensure that the new hazardous waste codes are not 
identified there also. The text has been revised in Section C-1 b to clarify the process 
for addressing new EPA hazardous waste codes that are identified during waste 
characterization. 

***** 

8. Chapter C, C-1 Facility Description, Section C-1 b, Identification Of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-8, Lines 14-43, Page C-9, Lines 1-
28. 

The permit application includes brief summaries of the waste summary categories 
proposed for acceptance at WIPP. However, these discussions are too general and 
must include more detailed discussion of waste within these categories, including 
waste parameters, waste streams, etc. Also, specific attention must be paid to the 
hazardous waste potentially present within each waste summary category. Revise the 
permit application to include this information. 

RESPONSE 

Table C-2 {previously Table C-1) identifies waste streams within each summary 
category and the hazardous waste codes associated with those waste streams. Also, 
a cross correlation table has been added (Table C-1) to link all of the waste 
identifiers. This table should facilitate cross-referencing to the data in Appendix G2. 

* * * * * 

9. Chapter C, C-1 Facility Description, Section C-1 b, Facility Description, 
Identification of TRU Mixed Waste Managed at the WIPP Facility, Page C-9, Lines 
8-11. 

The permit application implies that 20 NMAC 4.1 Subpart VIII, §268.2(g) requires 
visual inspection to determine whether a waste is considered to be debris. However, 
the permit application also indicates that visual inspecti'Jn will not be conducted for all 
drums suspected of containing debns wastes. implying that this regulatory requirement 
will not be met. Revise the permit application to clarify the regulatory requirement for 
visual examination. 

RESPONSE 

The DOE does not interpret visual inspection, as it is referred to in this regulation, to 
be the same as visual examination. Due to the radioactive constituents present in the 
waste and the safety issues involved in opening the waste containers, radiography will 
be used to determine the physical composition of debris mixtures. 
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The application has been modified to clarify the DOE's interpretation of this regulation. 
A paragraph has been added to Section C-1 b to read: "Due to the presence of 
radioactive constituents in the waste and the safety of hazards involved in opening 
waste containers, the DOE has opted to use radiography as a visual examination of 
waste form (visual inspection as it is referred to in this regulation). For these reasons, 
RTR will be used on 100% of stored waste containers to determine the physical 
composition of debris mixtures. The percentage of debris in mixtures of newly
generated waste will be determined by visual examination during packaging." 

***** 

10. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-9, Lines 24-28. 

The permit application indicates that a waste summary category for "special wastes" 
has been designated. However, Table C-1 indicates only one unique waste stream 
falls under this category (RF-W028), which could also be included under summary 
category group 55000, debris waste. Revise the permit application to provide more 
detail regarding why this grouping is necessary, including more detail regarding 
specific anticipated waste streams. 

RESPONSE 

The summary category for Special Waste (S7000) has been deleted from the 
application, and the waste stream that was included in that summary category will be 
reassigned to a new summary category prior to acceptance at the WIPP. 

The application has been modified throughout to delete all references to Special 
Waste as a summary category. 

* * * * * 

11. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Pages C-10 to C-11. 

The permit application presents an abbreviated discussion of hazardous constituents 
present within WIPP waste, indicating that these have been determined, primarily, 
through the use of acceptable knowledge (process knowledge). This would imply that 
summary analytical data are not available. 20 NMAC 4.1, Subpart IX 270.14(b) 
requires "chemical and physical analyses of the hazardous waste and hazardous 
debris to be handled at the facility. At a minimum, these analyses shall contain all the 
information which must be known to treat, store, or dispose of the waste properly in 
accordance with Part 264 of this chapter." While it is understood that the applicant 
believes acceptable knowledge can be used to characterize waste, confirmation that 
the processes identified indeed contain the identified hazardous waste is required. 
Revise the permit application to include summary tables presenting waste analyses 
information acquired to date. Prepare these tables in a format that can be readily 
compared with Table C-1, so that a summary understanding of available waste 
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analyses information for each waste stream unique ID can be achieved. Reference 
additional documentation for any detailed or backup information as necessa'"y. 

RESPONSE 

Acceptable knowledge will be confirmed using headspace gas analysis, radiography, 
and visual examination. For F-listed waste, acceptable knowledge is the primary 
source of waste characterization information since the assignment of an F-listed code 
cannot be done through sampling and analysis. However, the results of headspace 
gas analysis will be used to verify F-listed codes. 

The application has been modified in the text to clarify the use of other analyses to 
verify acceptable knowledge, and discussions of acceptable knowledge have been 
added to Section C-4 and Appendix C9. 

***** 

12. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-11, Lines 9-10. 

The permit application states that "headspace-gas volatile organic compounds (VOC) 
concentrations resulting in emissions not protective of human health and the 
environment" will not be accepted. This criteria is very vague, and does not state the 
specific concentration values or other limitations that must be met to meet this 
standard. Revise the permit application to include the specific information that is 
required to meet this demonstration. This is particularly important, since this 
information is critical to determining whether the WIPP can meet performance 
standards established for Subpart X units described in 20 NMAC 4.1 Subpart V, Part 
264.601. The WIPP Waste Acceptance Criteria, December, 1991 (WIPP-DOE-069) 
provides requirements for compliance with RCRA relative to headspace gas analyses, 
including flammability assessments, but these values were developed in response to 
conditional Test Phase No Migration requirements. Revise the permit application to 
indicate whether DOE intends to maintain these criteria during the operational phase. 

RESPONSE 

The limitations that must be met in order to be protective of human health and the 
environment have been provided in Table C-5. These limits were derived from the 
results of the risk assessment, provided in Appendix D9, and will ensure compliance 
with the environmental performance standards. Appendix D9 includes calculations 
used to derive the numbers in Table C-5. 

***** 
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13. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-11, Lines 11-13. 

The permit application states that compatibilities relative to containers, casks, waste, 
and TRUPACT II materials must be demonstrated. However, a critical incompatibility 
at WIPP is the reaction of Salado brines with the steel waste containers, which could 
result in the generation of hydrogen gas. Additionally, methane gas will develop 
through microbial decay. According to 20 NMAC 4.1 Subpart II, 261.23 (a): "A solid 
waste exhibits the characteristic of reactivity if a representative sample of the waste 
has any of the following properties: ... (3) It forms potentially explosive mixtures with 
water; and (4) it is capable of detonation or explosive reaction if it is subjected to a 
strong initiating source or if heated under confinement." Clearly, this cquld result in 
the management of reactive waste, in violation of WAP requirements. In addition, the 
No Migration Variance Petition submitted by DOE to the U.S. EPA on May 31, 1995 
indicates on Page 3-68 that waste degradation by microbial action may occur and 
could generate sufficient quantities of methane so that "a potentially explosive mixture 
could emerge after a period of 20 years." Revise the permit application in the 
appropriate locations, to address the issue of explosive gas generation including, but 
not limited to: conditions under which this may occur; mitigating measures that will be 
taken to ensure conditions do not develop; actions that should be taken if explosive 
conditions develop; and monitoring that will take place to monitor development of 
these conditions. 

RESPONSE 

Discussion has been added to the application in Chapters D and I to show that the 
reaction of the steel drums and the Salado brine should not be a concern for this 
application. A flammable/reactive situation is not an issue for various reasons. First, 
the venting of containers precludes the accumulation of flammable concentrations in 
the containers. Secondly, ventilation precludes the accumulation of flammable 
mixtures in the panels being filled. Third, the closure system handles reasonably 
expected deflagrations. Also, the long-term effects of gas are related to the creation 
of pathways for future migration of hazardous constituents beyond the unit boundary 
above health-based levels. The current calculations show that this will not occur 
within 10,000 years. Lastly, the gas generated does not meet the definition of solid 
waste, it is not an Appendix VIII constituent, and therefore, it is not regulated as a 
hazardous waste. It is a property that must be considered and is discussed in 
Chapter F. 

Chapter C has not been modified in response to this comment since information on 
this subject is provided in other Chapters. 

* * * * * 

15 



14. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-11, Lines 21-24. 

The WIPP Waste Acceptance Criteria (DOE, 1991) indicate numerous criteria that are 
based upon RCRA limitations. These include limitations on non-radionuclide 
pyrophorics, requisite documentation for sampling and analytical protocols, container 
voe limitations, etc. Many of these are not reflected within the list presented in the 
waste analysis plan. Revise the permit application to include these limitations. 
Alternatively, provide justification why these elements are not included, particularly 
why any VOC headspace limitations are no longer included. Also indicate whether 
DOE will generate a modified WAC relative to the December 1991 version. 

RESPONSE 

The summary of waste not acceptable at the WIPP was intended to be a brief 
overview of the WAC requirements relative to RCRA. The non-radiological 
pyrophorics are addressed under the first bullet (reactives). The container VOC 
limitations fall under the fifth bullet (Headspace-gas volatile organic compound 
concentrations resulting in emissions not protective of human health and the 
environment). Table C-5 has been added to provide limits on VOC headspace 
concentrations necessary to ensure protection of human health and the environment. 
The list provided addresses all criteria important to ensure safety and compliance with 
the RCRA. 

The application has not been modified in response to this comment. 

* * * * * 

15. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Pages C-11 to C-12. 

The WAP indicates in this section that each waste stream will be accompanied by a 
waste profile form, but does not indicate whether each waste stream within each 
shipment will have the form, or if the form will be presented once for each waste 
stream. Also, the information presented upon the Waste Profile Form is incomplete, 
as it does not include waste analyses information, RTR results, visual examination 
results, etc. (see Specific Comment Nos. 75-78). If this form is not intended to be 
provided for each drum or shipment, provision of sampling and analyses results for 
each shipmenUdrum cannot be included. However, if this form is not intended for 
inclusion on a drum or shipment basis, the WAP must be revised to include the 
specific forms that shall be provided for each waste shipment. Revise the permit 
application to address these concerns. 

RESPONSE 

The Waste Stream Profile Form is intended to be submitted on a waste stream basis 
and not for waste identification on a drum-by-drum basis. The form has been revised 
to require attachment of waste data packages obtained from characterization of the 
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waste stream. The forms sent by the generator for a shipment will be the manifest 
and the LOR form. Other information needed on the shipment is transferred by the 
W\NIS. The drum-by-drum waste analysis information will be in the VVWIS database. 

The application has been modified to include a revised Waste Stream Profile Form as 
Figure C-4. 

***** 

16. Chapter C, · C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Pages C-13, Line 23-26. 

The permit application states that DOE will "manage TRU mixed waste in a manner 
that mitigates the buildup of explosive of flammable gases within the waste," and goes 
on to imply that the single way this shall occur is by use of HEPA filters to vent drums. 
However, as indicated in Specific Comment No. 13 above, the development of 
explosive conditions could result from brine contact upon the steel drum containers, 
as well as through biodegradation. The permit application does not include sufficient 
information to ensure that wastes will be managed in such a manner as to mitigate 
explosive condition development. Revise the permit application to more thoroughly 
discuss those measures to be taken to mitigate the development of explosive 
conditions, including but not limited to, waste loading considerations, air circulation 
handling factors, monitoring programs, etc. 

RESPONSE 

Chapter D of the application has been modified to explain how the development of 
explosive conditions is monitored and mitigated during disposal operations. Chapter 
C has not been modified. 

* * * * * 

17. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-13, Line 28-34. 

The WAP states that results of compatibility assessment presented in Appendix C1 
indicate that "no wastes were found to be incompatible either with each other or with 
waste containers." However, the permit application should point out that Appendix C1 
provides a long list of potential incompatibilities which DOE believes were resolved. 
Also. as indicated in Comment No. 13 above, although this compatibility assessment 
apparently includes reactions between brine and waste, it does not specifically include 
an evaluation of brine and steel waste containers. Although code 1 a (see Appendix 
C1) could be construed to do so, this code also states that ''the potential for head and 
gas generation by reactions of synthetic or naturally occurring WIPP brines with 
metals in test waste forms will be measured as part of the test program." With the 
abandonment of the test phase and many gas generation programs, it is unclear 
whether this assessment has-or will-take place. It is also unclear, based upon 
information provided in Appendix C 1, whether the compatibility assessment truly ruled 
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out all incompatibilities, since many of the discussions state that additional information 
will be acquired during the test programs, which have apparently been ceased. 
Revise the permit application to address these concerns. See Appendix C1 
comments for additional questions pertaining to compatibility assessments. 

RESPONSE 

The compatibility subsection in Chapter C has been revised to read as follows: 

The WIPP facility is designed to manage only compatible waste. Therefore, a 
compatibility analysis was performed to identify potential incompatibilities for all 
defense generated TRU mixed waste reported in the WTWBIR. Wastes were 
screened for incompatibilities based on their chemical content and physical waste 
form by comparing information presented in 20 NMAC 4.1, Subpart V, Appendix V, 
and the EPA document ''A Method for Determining the Compatibility of Hazardous 
Wastes" (EPA, 1980). Appendix C-1 provides additional details and results of this 
analysis. 

To ensure the integrity of the WIPP facility, waste streams identified to contain 
incompatible materials or materials incompatible with waste containers cannot be 
shipped to WIPP unless they are treated to remove the incompatibility. Only those 
waste streams described in this WAP that are compatible or have been treated to 
remove incompatibilities will be shipped to WIPP. 

As noted in Response (1) above, corrosion of steel containers by Salado brine is 
highly improbable during the operational or post-closure periods, and brine has been 
removed from the current compatibility analysis. The present compatibility analysis 
presented in Appendix C 1 accounts for all defense generated TRU mixed-waste 
streams in the WTWBIR, all packaging materials, and all fire suppressant materials 
that may come into contact with the waste. Therefore, based upon the best 
information available, all incompatibilities are considered in Appendix C1. 

* *. * * 

18. Chapter C, C-1 Facility Description, Section C-1 b, Identification of TRU Mixed 
Waste Managed at the WIPP Facility, Page C-13, Lines 35-37. 

The permit application states that newly identified waste contain the "same chemical 
and physical forms as the waste for which the compatibility analysis was performed, 
they were considered to be covered by the previous analysis," and hence, exhibited 
no incompatibilities. However. supporting documentation for this assertion is not 
included within the permit application. Additionally, the compatibility analyses was 
conducted for Rocky Flats waste only, and it is not apparent that all hazardous waste 
identified in the Part A of the permit application were considered in the compatibility 
assessment. Revise the permit application to address these concerns. 
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RESPONSE 

All defense generated TRU mixed-waste streams reported in Revision 1 of the 
WTWBIR have been included in the revised compatibility analysis summarized in 
Appendix C 1. 

***** 

19. Chapter C, C-1 Facility Description, Section C-1 c, Waste-Generating Processes, 
Page C-14, Lines 13-42. 

The text of the permit application includes a brief description of processes that 
generate waste, but does not sufficiently detail processes generating the specific 
summary category groups, waste form groups, or waste streams presented in Table 
C-1. This table includes some information pertaining to waste generating processes, 
but it is not complete for each waste stream discussed. Revise the permit application 
to include a more comprehensive discussion of waste generating processes for each 
of the identified waste streams, preferably on a facility basis. Also see Attachment A 
for additional commentary. 

RESPONSE 

Since the waste streams at the various generator sites will be different, it is difficult to 
provide specific information when discussing the processes so generally. The waste 
stream descriptions provided in Table C-2 do not identify the process specifically, but 
give general descriptions of the processes. 

The acceptable knowledge record (described in Appendix C9) will provide complete 
descriptions of the processes which generated the waste; this record will be inspected 
at the generator sites as part of the audit program. 

The application has not been modified in response to this comment. 

* * * * * 

20. Chapter C, C-1 Facility Description, Section C-1 c, Waste-Generating Processes, 
Page C-15, Lines 16-29. 

The discussion indicates that decontamination process may introduce wastes not 
present within the specific TRU-mixed waste that is within the derived waste. 
Decontamination can be accomplished using non-hazardous materials, such as 
Radiacwash (which contains citric acid) to avoid introduction of such waste. Revise 
the permit application to specifically discuss why hazardous material is a necessary 
part of decontamination or cleanup activities. Alternatively, revise the permit 
application to indicate that non-hazardous materials will be used for decontamination 
or cleanup activities. 
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RESPONSE 

A decision has been made to use non-hazardous materials for decontamination. 
Instead of explaining the decontamination process in detail in this chapter, a forward 
reference has been added to direct the reader to the appropriate section of 
Chapter D. 

The application has been modified in Section C-1 b to remove the discussion of 
additional hazardous constituents being added to the derived waste, and a reference 
to Chapter D has been added. 

***** 

21. Chapter C, C-2 Waste Parameters, Section C-2b, Criteria and Rationale for 
Parameter Selection, Page C-17, Lines 2 and 3. 

This section states RTR will confirm that the physical form matches the waste stream 
description. Revise the permit application to provide a detailed discussion of what will 
happen if RTR indicates the physical form does not match the waste stream 
description. Also, the terminology "waste stream description" is inconsistently used. 
The "i.e." which follows that term lists the four summary waste categories. Revise the 
permit application to address these issues. 

RESPONSE 

If radiography indicates that the physical form does not match the waste stream 
description, the waste will be designated as a new waste stream and assigned the 
preliminary hazardous waste codes that belong to the new waste stream designator. 

The application has been modified in Section C-2b to include: "If the physical form 
does not match the waste stream description, the waste will be designated as another 
waste stream and assigned the preliminary hazardous waste codes that are inherent 
to the new waste stream assignment. If radiography indicates that the waste does not 
match the waste stream description, a non-conformance report will be completed and 
an resolution found for the inconsistency. The proper waste stream assignment will 
be determined, the hazardous waste codes will be assigned and the resolution will be 
documented." 

* * * * * 

22. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Line 14. 

This section states that Appendix C-2 provides the headspace gas analytical data. 
The application does not include dispersion modeling results to indicate the 
headspace gas constituent concentrations inside the mine and outside the mine at the 
compliance point. Also, a comparison of the dispersion modelling results with health
based limits (HBLs) is not provided. Revise the application to include two tables 
showing the dispersion modeling results as well as a comparison of those results and 
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the HBLs, or reference where in the application this information is provided. 
Comments pertaining to headspace gas data are included in Appendix C2 comments 

RESPONSE 

This information is not applicable to the Waste Analysis Plan. Chapter D has been 
revised to include detail on the air dispersion modeling results and a comparison 
between these results and acceptable exposure levels has been provided. 

Chapter C has not been modified in response to this comment because other chapters 
of the application include this information. 

***** 

23. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Line 15. 

This section uses the terminology "representatively sampled." Revise the permit 
application to provide a discussion regarding the meaning of this term. 

RESPONSE 

The definition of representative sample from §260.10 has been added to the text. 
"Representative sample is a sample of a universe or whole (e.g., waste pile, lagoon, 
ground water) which can be expected to exhibit the average properties of the universe 
or whole." 

The application has been modified in Section C-2b to include this definition. 

***** 

24. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Lines 17-21. 

The permit application states that homogeneous solid waste in a salt matrix cannot be 
readily representatively sampled and process knowledge demonstrates no organic 
constituents are present in the waste; hence, salt waste is exempted from the 
sampling and voe and SVOC analytical requirements. However, there are several 
examples of thermal residues (e.g., RF-M001, SR-W053) listed in Table C-1 that 
contain numerous voes, some of which are chlorinated. Furthermore, Table C-4 
Pages C-76 through C-79 specifically states homogenous solids/salt waste will be 
sampled. Clarify this apparent contradiction with the "no-sampling" assertions on 
Page C-17, as noted above. Revise the application to provide a discussion of the 
analyses (e.g., VOCs, SVOCs, inorganics) that will be performed, if applicable. 
Alternatively, revise the permit application to include a detailed discussion and 
supporting documentation justifying the "no-sampling" assertion for salt waste. Also, 
high-temperature molten extraction process information is not included. Revise the 
permit application to provide a discussion about the extraction process. 
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RESPONSE 

The statement "homogeneous solids in a salt matrix cannot be readily representatively 
sampled and process knowledge demonstrates no organic constituents are present in 
the waste" is incorrect and has been removed from Section C-2b. 

***** 

25. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Lines 22 and 23. 

This section states that a limited number of waste streams in the organic sludges final 
waste form contain transformer oils with PCBS. "Organic sludges" is not a final waste 
form (noted on Page C-3, Lines 18-20). Revise the permit application tO clarify this 
apparent inconsistency in final waste form terminology. Also, revise the permit 
application to include a detailed discussion and supporting documentation justifying 
why other PCB-contaminated waste streams/final waste forms (e.g., solidified 
organics) will not be sampled and analyzed for PCBs. Alternatively, provide the 
information supporting the assertion that the remaining waste streams/final waste 
forms do not contain PCBs. 

RESPONSE 

Organic sludges is a matrix parameter category (3220) or a waste matrix code. 
These are the only waste streams sampled for PCBs at this time because knowledge 
of the waste indicates that it is comprised of organic setups where PCB oils were 
solidified. From what is known about other waste streams, there are no other waste 
streams which contain PCBs. 

The application has been modified in Section C-2b to remove reference to specific 
PCB waste. 

26. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Lines 24-30. 

This section provides brief discussion regarding totals analysis and TCLP, and 
references Appendix C3 for additional information. However, neither the text nor the 
appendix provide a table of the TC concentrations and the TC concentrations times a 
factor of 20. Revise the permit application to provide a table in the text which 
includes complete and accurate information regarding the TC concentrations and the 
TC concentrations times a factor of 20. 

RESPONSE 

Table 3-1 from the QAPP, which provides the regulatory TCLP limits, has been added 
to Appendix C3 as Table C3-1. 

• ••• * 
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27. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Lines 31 and 32. 

The permit application states that documented acceptable knowledge will be used to 
determine types and quantities of listed and TC waste that cannot be directly 
sampled. However, no details are provided to justify the use of acceptable knowledge 
for this purpose. Revise the permit application to include a detailed discussion and 
supporting documentation justifying the use of acceptable knowledge to determine 
types and quantities of listed and TC wastes that cannot be directly sampled. (Refer 
to General Comment No. 3.) 

RESPONSE 

An explanation and justification for the use of acceptable knowledge has been 
included in Section C-4 and Appendix C9. For debris waste, a representative sample 
cannot be collected and analyzed for TC constituents. The only analysis that can be 
performed on debris waste is headspace gas analysis (which is used to confirm 
acceptable knowledge for VOCs) or wiping of the surface of the debris. Due to the 
potential for worker exposure and the small value added by the wipe to the waste 
characterization, acceptable knowledge is much more meaningful for assignment of 
hazardous waste codes. Sampling and analysis cannot be used to determine if a 
waste is listed. 

The application was modified in Section C-2b to read: "Documented acceptable 
knowledge will be used to determine the types and quantities of listed and toxicity 
characteristic waste that cannot be directly sampled for total analysis of metals and 
organics." 

* * * * * 

28. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Line 32. 

In this section, the terminology "directly sampled" is used. Revise the permit 
application to provide a discussion regarding the meaning of this terminology and how 
it differs from the terminology of "representatively sampled," as used earlier on this 
Page in Line 15. (Refer to Specific Comment No. 23.) 

RESPONSE 

The term "directly sampled" is refemng to the waste that it is physically impossible to 
sample for hazardous constituents. Clarification was added after "directly sampled" to 
read "for total metals and total organics.· A sentence was also added to indicate that 
the acceptable knowledge will be verified by RTR and headspace gas analysis. 

The application has been modified to include this clarification . 

. . *. * 

23 



29. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Lines 31-34. 

The permit application indicates that debris waste cannot be directly sampled, but 
does not indicate that special waste cannot be directly sampled. However, Table C-4 
notes that both Debris Waste and special waste will be characterized for hazardous 
constituents using acceptable knowledge. Revise the permit application to discuss the 
ability to directly sample special waste. 

RESPONSE 

Special waste (87000) has been removed from the application as a summary 
category. The waste stream that was included in this summary category will be 
reassigned to another summary category prior to acceptance at WIPP. 

***** 

30. Chapter C, C-2 Waste Parameters, Section C-2b, Page C-17, Lines 35 and 36. 

This section mentions Table C-4, which contains summary information pertaining to 
stored and newly-generated wastes and CH wastes. However, Table C-4 does not 
include information regarding RH wastes. Revise Table C-4 to include this 
information, or justify why RH wastes are not addressed in this table. 

RESPONSE 

A table has been added to the text (Table C-7) that presents parallel characterization 
information for RH waste. At this time, detail about RH TRU waste characterization is 
not available. The table includes the sampling and analysis activities that are 
anticipated for use on RH TRU waste. 

The application has been modified to include this table. 

* * • • * 

31. Chapter C, C-3 Characterization Procedures and Frequency, Newly- Generated 
Wastes, Page C-18, Lines 8-14. 

The permit application states that for "newly-generated wastes, verification that the 
processes generating the waste have operated within the established written 
procedures will take place." Revise the permit application to clarify what procedures 
are referenced by this statement. Discuss whether these procedures are WIPP-based 
protocols for waste generation and ensure that these are standard procedures that are 
available to each generator site. 

RESPONSE 

The procedures that are referenced in this sentence are generator-site specific 
procedures. The generator site programs will be approved by the WIPP through the 
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approval of their QAPjPs, which drive their internal procedures. The generator site 
programs will also be assessed through the WIPP generator site audit program. The 
adherence to these procedures is verified through these generator site audits. Also, 
the generator site must notify the CAO if a procedure change occurs and an increase 
in sampling isn't considered necessary. 

The application has been modified in Section C-3a to state the CAO must be notified 
if the procedures are changed but sampling frequency does not change. 

***** 

32. Chapter C, C-3 Characterization Procedures and Frequency, Newly- Generated 
Wastes, Page C-18, Lines 13-18. 

The permit application states that a "second, independent operator" will perform 
verification review of process information. Revise the permit application to discuss 
whether this independent reviewer is independent of DOE, and/or the generator site. 
Additionally, revise the permit application to indicate what guidance will be used to 
perform the verification procedure, and include a discussion on the documentation 
procedures that will be maintained for this verification review. 

RESPONSE 

The "second independent operator'' refers to an operator at the generator site who 
has received the same training to the requirements of the WIPP WAC and QAPP as 
the operator who is packaging the waste. A log of the waste container items will be 
maintained that documents the contents, the operator placing the items in the 
container, and the operator who witnessed the packaging operation. Waste generation 
and verification will be performed according to approved detailed procedures that are 
controlled as a part of a programmatically established document control program. 
These procedures and documents (detailed operating procedures, log sheets, waste 
traveler forms, and waste container descriptions) will be reviewed by WIPP personnel 
at the time the verification audits are performed. Audits will identify the effectiveness 
of the process of visually inspecting the waste during packaging by comparison with 
available headspace, radiography, and totals analyses (for homogeneous waste 
streams) sampling data on newly generated waste streams. 

Chapter C has been be revised in Section C-3a as follows: "Verification of physical 
form is accomplished according to written procedures by a second operator, who is 
equally trained to the requirements of the WIPP WAC and CAPP, reviewing the 
contents of the waste container to ensure correct reporting." The information 
pertaining to the audit process is discussed in Section C-Sa. 

* • * * • 
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33. Chapter C, C-3 Characterization Procedures and Frequency, Newly- Generated 
Wastes, Page C-18, Lines 22-23. 

This section states that "all newly-generated waste containers will undergo 
headspace-gas analysis for total voe. II However, the permit application also states 
that for RH-TRU mixed wastes, headspace sampling would not be performed. Revise 
the permit application to clarify whether the newly-generated RH-TRU mixed wastes 
would also undergo headspace-gas sampling and analysis. 

RESPONSE 

The WIPP intends to impose the same sampling and analysis requirements on RH 
TRU as are applied to CH TRU, however, WIPP understands that the high radiation 
fields associated with RH TRU waste may make much of this sampling and analysis 
impossible. In such cases WIPP will consider two factors. One is the generators 
success with acceptable knowledge documentation for CH TRU and second are the 
characterizations provided by the generators reasonable. The statement in Section C-
1 pertaining to headspace gas analysis of RH waste was not applicable because most 
of it is generated by thermal processes is incorrect. This sentence in Section C-1 was 
deleted. 

***** 

34. Chapter C, C-3 Characterization Procedures and Frequency, Newly- Generated 
Wastes, Page C-18, Lines 27-30. 

The application states that "newly-generated waste streams of homogenous solids 
and soils/gravel wastes will be randomly sampled once per year or once per process 
batch. Sampling frequency of once per year is only allvwed if a process has operated 
within established bounds. Otherwise, the waste must be considered as process 
batches." DOE has not provided sufficient information to demonstrate lhat one 
sample per year or process batch is sufficient to representatively capture the 
variability in constituent concentrations. Revise the permit application to provide 
sufficient information to justify the sampling frequency. Also, revise the permit 
application to explain how DOE will determine what "established bounds" are and how 
DOE will know/verify this when samples are only taken on an annual basis. 

RESPONSE 

The established bounds will be different for every process. These bounds will be 
established in written procedures for each process. Examples of established bounds 
are included in the text. The adherence to the process procedures will be verified 
through the WIPP audits of the generator sites. 

The application has been modified in Section C-3a to include: "The bounds for a 
waste generating process will be established by the specific written procedures for 
that specific process. Examples of parameter bounds that could affect a waste 
generated by a process are volumes of input material, change in the input material, 
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and any other changes that would change the output of that process. Events where 
procedurally established bounds are exceeded, or any condition of normal operation 
of a process not being met, are events that could trigger an increased sampling 
frequency of a waste stream. As long as a process does not change within a year, 
the waste generated by that process will have the same characteristics, and therefore 
one sample could verify the lack of variability of that waste stream." 

***** 

35. Chapter C, C-3 Characterization Procedures and Frequency, Newly- Generated 
Wastes, Page C-18, Lines 36-43. 

The application discusses the use of acceptable knowledge for newly-generated 
debris and special wastes. Since debris and special wastes are highly variable and 
non-homogenous wastes, the permit application must specify how characterization via 
process knowledge will take place (refer to General Comment No. 3). Also, "process 
knowledge" that a particular hazardous waste is present does not always ensure that 
the waste has been property characterized, as concentration is also required to 
determine whether a waste is hazardous by toxicity characteristics. Also, since no 
sampling and analysis is proposed for debris waste and special wastes, it is unclear 
what contingencies will be used in the event that there is little or no process 
knowledge available for a particular waste type. Revise the permit application to 
address these concerns. 

RESPONSE 

Characterization by process knowledge will be accomplished by using information 
known about the processes, such as written procedures and records generated by 
those procedures, to determine what RCRA-regulated hazardous constituents are 
present in the waste. Newly generated waste can be characterized as it is being 
packaged since the operators of the process know exactly what materials were added 
to the process and what waste will be produced. Since the assignment of certain 
waste codes is concentration dependent, and the concentration in non-homogenous 
waste cannot be determined by acceptable knowledge, the hazardous waste codes 
will be assigned regardless of whether the regulatory threshold limit is met. If enough 
acceptable knowledge information is not available to determine the presence of 
hazardous constituents, then the waste stream cannot be characterized using 
acceptable knowledge. An appendix has been added (Appendix C9) to describe 
minimum documentation requirements for assembling an auditable acceptable 
knowledge record to be used for waste characterization. 

The application has been modified in Section C-3 to include an explanation of how 
acceptable knowledge is used. 

* * * • • 
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36. Chapter C, C-3 Characterization Procedures and Frequency, Newly- Generated 
Wastes, Page C-18, Line 42. 

Characterization procedures for newly-generated special wastes are unclear. The 
application states that acceptable knowledge is sufficient for characterization of 
special wastes. However, since the special waste category and these processes that 
generate special wastes are not clearly defined (refer to Specific Comment No. 10) 
relying on "acceptable knowledge" may be insufficient. Revise the permit application 
to provide more concrete guidance in the WAP regarding characterization of special 
wastes. 

RESPONSE 

Special Waste has been deleted from the application as a summary category. The 
waste stream that was classified as Special Waste will be reassigned to another 
summary category prior to acceptance at WIPP. 

37. Chapter C, C-3 Characterization Procedures and Frequency, Stored Wastes, 
Page C-19, Line 2. 

The permit application indicates that "all retrievably stored waste containers will be 
examined using RTR or (emphasis added) visual examination." However, the 
referenced QAPP and Figure C-1 indicate that all retrievably stored waste containers 
will undergo RTR, and a percentage/subset of these will be visually examined. Revise 
the permit application to clarify this discrepancy. 

RESPONSE 

All retrievably stored waste containers will be examined by radiography, and a 
percentage of those : ontainers will also be examined visually to verify radiography 
results. 

The application has been modified to correct this error. Section C-3b now reads: "All 
retrievably stored waste containers will be examined using radiography to confirm the 
physical waste form (Waste Matrix Code Group), to verify the absence of prohibited 
items (i.e., WAC), and to determine the waste characterization techniques to be used 
based on the Summary Category Groups (i.e., S3000, 84000, 85000) ... To confirm the 
results of RTR, a statistically selected number of the container population will be 
visually examined by opening containers to inspect waste contents to verify 
radiography results." 

* * • * * 

38. Chapter C, C-3 Characterization Procedures and Frequency, Stored Wastes, 
Page C-19, Lines 11-14. 

Revise the permit application to clarify whether sampling of inner layers of 
confinement will be performed if the headspace of the inner layers is less that 1 liter. 
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RESPONSE 

The QAPP states that the inner layers will not be sampled if their volume is less than 
one liter since a 100 ml representative sample cannot be collected. The application 
was modified to remove reference to inner bag sampling in Section C-3b but detail is 
provided in Appendix C4. 

***** 

39. Chapter C, C-3 Characterization Procedures and Frequency, Stored Wastes, 
Page C-19, Lines 15-17 and 26-33. 

Lines 15-17 state "a statistically selected portion of homogeneous solids and 
soil/gravel wastes will be sampled for hazardous waste constituents and toxicity 
characteristic ... " DOE does not provide a description of the statistical procedure used 
to determine which drums are going to be sampled. Also, DOE does not provide an 
explanation as to how DOE will establish the necessary sampling frequencies (i.e, 
how will DOE define the levels of accuracy and precision needed in subsequent waste 
characterization). Revise the permit application to address these concerns. 

In addition, the use of the 90% UCL for toxicity characteristic analysis (Lines 26-33) 
appears low and is not justified. In previous Part B applications, a UCL of 95% was 
suggested by NMED. Revise the permit application to justify the use of 90% UCL. 

RESPONSE 

Section 5.3.1 of the QAPP describes the approach used for determining the statistical 
number of containers to be sampled. This method has been described in Appendix 
C6. This section of the QAPP also defines the use of the coefficient of variation to 
determine the sampling frequency for subsequent waste characterization. This 
statistical process has also been included in Appendix C6. 

The UCL90 is desirable because it accounts for the variability in the sample mean. For 
a UCL90, the interpretation is that there is a 90 percent chance that the true mean is 
less than the UCL90• The error rate of 10 percent is acceptable because the 
consequences of an error are relatively small. Despite the TC determination, the 
waste will be shipped to the WIPP and handled in the same manner. The operational 
phase no-migration demonstration (prior to repository closure) is evaluated using 
headspace gas concentrations and not total or TCLP concentrations. The disposal 
phase no-migration demonstration (after repository closure) will be evaluated 
assuming the maximum solubility for VOCs, semi-VOCs and metals in brine. Safety 
analyses use conservative exposure scenarios that are not impacted by the TC 
decision. Therefore a determination that hazardous waste is nonhazardous (or vice 
versa) waste has minimal impact. 

DOE considered the consequence of increasing the confidence level from 90 to 95 
percent for determining whether or not waste streams exhibit the toxicity 
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characteristic. Calculations show that the number of containers to sample increases 
57 to 70 percent with the increase in confidence. 

Calculations used equation 5-5 of Revision 0 of the Transuranic Waste 
Characterization Quality Assurance Program Plan (QAPP), which pertains to sampling 
of retrievably stored homogeneous solids and soil/gravel waste. The factor that 
changes with confidence level is t20 • n-1, which also changes with the calculated number 
of containers to sample (n). Therefore, this factor is used to calculate the percent 
increase in n, for different possible values of n. The finite population factor (equation 
5-6 of the QAPP) is not used in these calculations; however, it is not expected to 
significantly affect the results. 

The results are given in Table 1. For the values of n between 5 and· 500 at 90 
percent confidence, the increases range from 57 to 70 percent. The values of n for 
both 90 and 95 percent confidence are given in the table so the number of containers 
required to be sampled can be directly compared. Because of the formulation for 
calculating the required number of containers to sample, the tabled values do not 
depend on the number of containers in the waste stream. The number of containers 
to sample reflects variabilities of constituent concentrations observed in the waste 
stream; in particular, it reflects the maximum ratio of standard deviation to mean 
concentration, which is the maximum coefficient of variation. For example, for a 
waste stream of any size that has a coefficient of variation of 0.918, the required 
number of containers to sample increases 60 percent from 5 for 90 percent 
confidence to 8 for 95 percent confidence. 

Table 1. Percent Increase in Number of Containers (n) to Sample with 
Increase in Confidence from 90 Percent to 95 Percent. 

n for 90 n for 95 Percent Approximate 
Percent Confidence Percent Increase 
Confidence 

5 8 60.00 

6 10 66.67 

7 11 57.14 

8 13 62.50 

9 15 66.67 

10 17 70.00 

25 41 64.00 

100 165 65.00 

500 824 64.80 
Note: Finite 0 p p ulat1on factor not accounted for. 

The application has been modified to include the statistical method for randomly 
selecting samples and determining sampling frequency in Appendix C6. The appendix 
also includes the discussion of the 90 versus 95 percent confidence. 

30 



40. Chapter C, C-3 Characterization Procedures and Frequency, Stored Wastes, 
Page C-20, Lines 9-15. 

The application discusses the use of acceptable knowledge for retrievably stored 
debris wastes, but special wastes are not discussed. Revise the permit application to 
discuss how special wastes will be characterized. 

RESPONSE 

The Special Waste Summary Category Group has been deleted from this application. 

***** 

41. Chapter C, C-3 Characterization Procedures and Frequency, Stored Wastes, 
Page C-20, Lines 9-15. 

The use of process knowledge to characterize debris waste which has been in storage 
at the various sites for a long period of time may be questionable relative to reliability 
of available information, and requires elaboration. Although RCRA allows the use of 
process knowledge for waste characterization where appropriate, an initial chemical 
analyses of a waste stream to determine a "baseline" is often required. Since WIPP 
does not intend to perform on-site analyses and only a limited waste analyses at the 
generator sites, verification of process knowledge relative to RCRA waste/constituents 
requires significant elaboration within the application. Revise the permit application to 
provide a discussion regarding how "acceptable knowledge" will be documented. 
Also, include in the application the guidance and training which is provided to site 
personnel to ensure that each site uses the same acceptable knowledge for 
consistency of identification. (Refer to General Comment Nos. 2 and 3 for additional 
commentary.) 

RESPONSE 

Text has been added to explain why debris waste, because of its physical 
characteristics, cannot be sampled representatively, and how radiography and 
headspace gas analysis will be used to verify acceptable knowledge. Also, an 
explanation of acceptable knowledge has been added to Section C-4b and Appendix 
C9. 

The application has been modified to include this explanation and additional 
information in Section C-4b and Appendix C9. 

* * * * * 
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42. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3a, 
Special Characterization Requirements for TRU Mixed Waste, Page C-20, Lines 
25-41. 

The application provides a very general outline of special characterization 
requirements for TRU wastes that will be sent to the WIPP site. However, the 
requirements discussed lack detail. Revise the permit application to provide more 
definitive details regarding the procedures that will be implemented to assure 
adequate waste characterization by generator sites. 

Also, the permit application must indicate who will review the individual generator site 
QAPjPs and ensure proper characterization from each individual site. Revise the 
permit application to provide a more thorough discussion of special waste 
characterization data validation and useability controls. 

RESPONSE 

The detail requested here is presented in Sections C-4, C-5, and Appendices C4, CB, 
and C11. These sections describe the methods to be used to characterize the mixed 
TRU waste at the generator sites, and the data verification procedures both by the 
sites and by WIPP. The adequacy of waste characterization will be verified at multiple 
levels: 1) the data generation level, 2) the site project level, and 3) the WIPP level. 
Also the QAPP and QAPjPs establish limits that have been reviewed and approved by 
the CAO. 

The QAPjP review and approval responsibilities are presented in Appendix C10, Table 
C10-1. 

* * * *. 

43. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3a, 
Special Characterization Requirements for TRU Mixed Waste, Page C-20, Line 
34. 

The permit application states that the raw data will be reported in a "standard 
format." To ensure consistency among all generator sites, revise the permit 
application to include this standard format. 

RESPONSE 

It is not DOE's intention to require a ngid format for the final transmittal of the data 
reports from the various generator sites to the WIPP. The required data for reporting 
is defined in the QAPP and includes all testing, sampling, analytical batch data 
reports, and raw data checklists and is transmitted through the WWIS. To permit 
some flexibility and compatibility with existing generator site data systems, the data 
reports will be submitted using approved forms as provided in site specific 
documentation such as the QAPjPs. The reports must include the signature releases 
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which document the review, validation, and verification of the data being transmitted to 
the WIPP as required by the QAPP. 

Chapter C has been modified to provide a description of the WI/I/IS in Section C-5a 
and a list of WI/I/IS data fields in Table C-12. 

***** 

44. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3a, 
Special Characterization Requirements for TRU Mixed Waste, Page C-20, Line 
37. 

The second bullet on the bottom of this page states that "all data must receive an 
independent review." Revise the permit application to indicate who will perform the 
independent technical review. 

RESPONSE 

Independent review of the data will be performed first at the data generation level by 
another trained, qualified analyst or operator who can confirm the method used and 
the reasonableness of the results. The data will then also be reviewed by the 
technical supervisor and the QA officer, and these reviews must have signature 
release before the data can be forwarded to the generator site project office. The site 
project office will review all of the data supplied by the various organizations 
performing analyses and examinations. The Site Data Validation Officer (SDVO) and 
the Site Data Quality Assurance Officer (SQAO) must review the data and provide 
signature release to all of the data prior to transmittal of the data to WIPP. 

The application has been modified in Section C-4d so that this bullet now reads: "All 
data must receive an independent technical review by another qualified analyst, the 
technical supervisor, and the laboratory quality assurance officer." 

* * * * * 

45. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3a, 
Special Characterization Requirements for TRU Mixed Waste, Page C-21, Lines 
1-5. 

Revise the permit application to outline the verification procedures that will be used by 
the WIPP facility to verify the generator data packages. Include how this verification 
process will be documented, or reference where, in the permit application, this 
information is provided. 

RESPONSE 

Verification procedures are described. This section was removed and added to the 
beginning of the section on quality assurance for sampling and analysis (Section C-
4d). Generator waste characterization data will be verified during generator site 
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audits. Details about this audit process and what will be assessed is included in 
Section C-5 of the text. 

The text has been revised to reference Section C-5, which has been revised to 
provide more detail on the WIPP data verification processes. 

***** 

46. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Page C-21, Lines 8-17. 

The QA/QC practices that are referenced in Section C-3b of the WAP must be 
described in more detail. Revise the permit application to include a more detailed 
discussion of DQOs, data generation, data transmittal, data verification, and data 
management. Alternatively, reference the 1995 QAPP as applicable, and include 
sections as Appendices to the permit application. 

RESPONSE 

The descriptions of the QA practices in Section C-4d (formerly Section C-3b) have 
been expanded as necessary to incorporate more of the detail described in the QAPP, 
(CA0-1994-1010). An explanation of DQOs and QAOs has been added with a 
description of each objective. Also, sections have been added on sample control and 
QA for sampling and analysis. 

* * * * * 

47. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Quality 
Objectives, Page C-21, Lines 19-32. 

Although the facility plans to characterize the debris and special wastes through 
process knowledge, these waste characterization parameters must also be included in 
the DQOs for the WAP. Revise the permit application to address this concern. 

RESPONSE 

The waste generators will use acceptable knowledge to perform the initial waste 
segregation into the various waste streams. Thereafter the DQOs and the Quality 
Assurance Objectives (QAOs) associated with the applicable characterization methods 
(see section describing characterization methods for newly generated and retnevably 
stored waste) will be applied to all waste including the characterization methods 
appropriate for debris waste (i.e., radiography, headspace gas analysis, and visual 
examination of a sample of debris waste retrieved from storage.) QAOs have not 
specifically been established for acceptable knowledge, but minimum documentation 
requirements have been established. Since acceptable knowledge is verified through 
other analyses, the QAOs for those methods apply indirectly to acceptable knowledge. 
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The text of Appendix CB has been modified to provide this explanation. 

***** 

48. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Generation, Page 
C-22, Lines 29-32. 

The permit application states that standardized formats will be used by each generator 
to report waste characterization data. DOE has indicated in response to NMED, 
comments on the QAPP (Rev. B), that it will not require a standardized form, but a 
listing of those elements that must be included should be provided. Revise the permit 
application to include this. 

RESPONSE 

It is not DOE's intention to require a rigid format from the various generator sites for 
the final transmittal of the data reports to the WIPP. The required data for reporting is 
defined in the QAPP and includes all testing, sampling, analytical batch data reports, 
and raw data checklists. To permit some flexibility and compatibility with existing 
generator site data systems, the data reports will be submitted using approved forms 
as provided in site specific documentation such as the QAPjPs. The reports must 
include the signature releases to document the review, validation, and verification of 
the data being transmitted to the WIPP as required by the QAPP. 

The text has been revised to read: "A pre-approved format will be used by each 
generator site for reporting waste characterization data. This form will be defined by 
the generator site QAPjP. The data reporting format will include all of those elements 
required by the QAPP for data reports." 

* * * * * 

49. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Generation, Page 
C-22, Lines 20-27. 

The WAP must be revised to include chain-of-custody procedures for all samples. 

RESPONSE 

Section C-4d (formally Section C-3b) has been revised to include an introduction of 
the sample control and reference Appendix C4 where more detail of the sample chain 
of custody system has been be provided. A section has also been added to Appendix 
C4 to describe the chain-of-custody of samples. 

The text of Section C-4d and Appendix C4 have been revised to include control of 
samples, including Chain-of-Custody control. 
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50. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Generation, Page 
C-22, Lines 34-42. 

This section of the application discusses the audits that the WIPP personnel will 
perform of the generator waste characterization programs. However, the discussion 
provided is vague. Revise the permit application to include a more complete 
discussion, or reference where this information is addressed in the permit application. 

RESPONSE 

Section C-4d has been revised to include a reference to Section C-Sa, Phase I Waste 
Stream Screening and Verification, where the audit process is summarized, and to 
Appendix C11, where the audit process is discussed in more detail. More detail has 
been added to the text and the appendix regarding the audit program, including 
nonconformances, corrective actions, and the overall process. 

The text of Section C-4d has been revised to include a reference to Section C-Sa and 
to Appendix C11 for more detail on the audit program. 

***** 

51. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Generation, Page 
C-23, Lines 1-4. 

This section of the application states that the DOE will audit the laboratories. Revise 
the permit application to discuss the requirements or criteria that the laboratory audits 
are based on. Include a list of the DOE-approved lahoratories that may be used to 
characterize waste for the generator sites (i.e., those sites which may use off-site 
laboratories). 

RESPONSE 

A list of DOE-approved laboratones cannot be provided since approval for use is 
contingent upon success in the yearly performance demonstration program analysis. 
Also, laboratories that are contracted by the generator sites may change due to 
contract conditions. Since the approved list of labs could change frequently, it is not 
appropriate for inclusion in the application. Information has been added pertaining to 
the requirements and criteria that laboratory audits must cover. 

The audits are based on requirements of the QAPP, this WAP, the PDP plans, and 
the Methods Manual. The text has been changed in Section C-4d (pg. C-40) to read: 
"The audits cover the requirements of the lab's QA/QC program, as well as 
compliance to the method parameters specified by the Methods Manual and the 
QAPP. Continued compliance to these parameters will be verified through ongoing 
CAO audits." 
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52. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Transmittal, Page 
C-23, Lines 10-23. 

Since the validation information is intended to be used as a part of the process 
knowledge information, the permit application must be revised to identify the contents 
of the data validation package to ensure consistency among all of the generator sites. 
Also, provide more detail on the electronic deliverable format that may be used by all 
sites that will submit their reports in this format. Revise the permit application to 
address these concerns. 

RESPONSE 

The characterization data transmittals will include all of the data required by the 
QAPP. The transmittal format for each generator site will be formalized in each site 
QAPjP to permit compatibility with the particular sites' data acquisition system. 
However, all of the data required by the QAPP must be contained in the format 
described by the sites QAPjPs that are submitted to CAO for approval. This will 
include all analytical and examination data collected on the containers included in the 
sampling, examination, and analysis programs as described in the QAPP (i.e., 
radiography examination results, RA analysis results, headspace gas analysis results, 
homogeneous waste totals analysis results, and visual examination results). In 
addition, a listing of acceptable knowledge documentation will be examined as part of 
the Waste Stream Profile Form review; this will be used in the determination of waste 
stream acceptability. Electronic transfer of data will be controlled by the requirements 
of the WWIS which will contain modules for acceptance data and transportation data 
in addition to characterization data. This data must be supplied by the generator site 
through the WWIS before the final acceptance of individual containers for disposal at 
WIPP. 

The text has been revised in Sections C-4d, C-5a and C-5b to indicate that each site 
will be required to submit characterization data on pre-approved formats as described 
in the various QAPjPs. 

• * * • * 

53. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Data Transmittal, Page 
C-24, Lines 5-7. 

Revise the permit application to specify what the "inventory check" mentioned in the 
application will include. 
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RESPONSE 

The. "inventory check" mentioned here is a part of the overall Phase I waste stream 
screening described in Section C-5a. Characterization data will be reviewed to verify 
the inclusion of the data elements required by the QAPP. Section C-5 is referenced 
for more detail of the data to be inventoried during the Phase I screening. 

Text has been revised in Section C-5a to indicate that the "inventory check" is just a 
part of the overall data review performed during the Phase I screening process. 

***** 

54. Chapter C, C-3 Characterization Procedures and Frequency, Section C-3b, 
Quality Assurance Sampling and Analysis Requirements, Records Management, 
Page C-24, Lines 17-19. 

The second bullet in this section refers to Waste Acceptance Checklists. Revise the 
permit application to discuss when this checklist is used, and to include an example of 
such a checklist in the application. Also, revise the permit application to discuss what 
is included in the relevant WIPP Waste Information System {VIM/IS) data printouts. 

RESPONSE 

The bullet about waste acceptance checklist refers to completed forms and 
checksheets that are a part of the standard operation procedures that serve as 
documentation of waste receipt and emplacement. Much of the data acceptance 
functions are built into the WWIS database. The WWIS contains edit and limit checks 
that screen the data for adherence to the requirements of the WAC and the QAPP, 
and these data checks must be met prior to the shipment of any waste to WIPP. 
WWIS data reports will include a listing of all of the data required by the WAC and the 
QAPP for every container accepted by the database. See Section C-5a description of 
the WWIS data acceptance functions. 

The text has modified to indicate that the checklists referred to in the records 
management section are a part of the written record of the various operating 
procedures forms and lists and that the VWVIS functions (including WWIS reports 
generated) are described in more detail in Section C-5a. 

* * • * * 

55. Chapter C, C-4 Laboratory Selection and Analytical Methods, Page C-24, Lines 
28-34. 

The application frequently references SW-846 and the Methods Manual, indicating 
that various SW-846 methods may be used for the proposed analyses. However, the 
WAP implies that SW-846 methods have been included in the Methods Manual, but it 
is unclear exactly how (or if) these methods were "adapted" or modified for inclusion 
in the Methods Manual. All methods which DOE proposes to use must be from SW-
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846 or must be EPA-approved. Revise the permit application to address these 
concerns. 

Also, either reference only the methods in the Methods Manual or SW-846, as it is 
unclear when methods from SW-846 are being used and when methods from the 
Methods Manual are being used. If only the methods in the Methods Manual are to 
be used, applicable portions of this document must be included as part of the permit 
application. Revise the permit application to address these concerns. 

RESPONSE 

The Methods Manual includes methods that are based on SW-846 methods. In these 
methods, the analyst is referred to SW-846 for the analytical procedure. The Methods 
Manual calls out specific quality assurance objectives, target analytes, and quality 
control requirements that are unique to the TRU waste characterization program. 

The application has been modified in Section C-4a to read: "The Methods Manual acts 
as a unified source of information on the sampling and analytical techniques used to 
comply with the requirements of the QAPP. Many of the procedures found in the 
Methods Manual are based on analytical methods found in SW-846. In these 
instances, the analyst is referred directly to the SW-846 method for the requirements 
of the procedure. Only information unique to the waste characterization program 
(e.g., target analytes, quality assurance objectives, quality control requirements) is 
included in the Methods Manual." 

Also, the tables which list the analytical methods (Tables C-8, C-9, C-10, and C-11) 
now list the Methods Manual method number as well as the SW-846 method number. 
The SW-846 method number was retained on the table for the purpose of including 
the method numbers that are familiar to the analytical community outside of the DOE 
TRU waste program. 

* * * • * 

56. Chapter C, C-4 Laboratory Selection and Analytical Methods, Page C-24, Lines 
30-34. 

The permit application states that the laboratories may use a method that 
"demonstrates acceptable equivalent performance." However, the application does 
not clarify what is considered to be "acceptable." Revise the permit application to 
clarify the term "acceptable." 

The permit application must be revised to state whether alternate methods will be 
EPA-approved or only DOE-approved. If the methods are to be compared to EPA 
SW-846 methods, any deviations and variances must also be EPA-approved. The 
application must ensure demonstration of the deviations and also specify exactly when 
these method approvals will take place (i.e., prior to shipment of the wastes to the 
WIPP facility). Revise the permit application to address these concerns. 
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RESPONSE 

The Methods Manual only incorporates program specific requirements such as QAOs, 
data reporting requirements, and other specific requirements for TRU waste 
characterization. The analyst is referred to the SW-846 method for the actual 
analysis. In the event that the SW-846 method cannot meet program specific QAOs 
and alternate method may be submitted to CAO for approval. Since the original 
method is not acceptable for use due to inability to meet QAOs, the alternative 
method would have to be more sensitive and stable. This would mean that the 
methods submitted as alternatives would be more restrictive as far as data 
acceptability than SW-846 methods. 

The CAO procedure for submittal and approval of alternative analytical methods has 
been included as Appendix C7. 

***** 

57. Chapter C, C-4 Laboratory Selection and Analytical Methods, Page C-24, Lines 
28-40. 

The permit application does not ensure that comparable and consistent data will be 
obtained, based on the information outlined in the application and the associated 
appendices. For example, Tables C-6 and C-7 of the WAP list various methods that 
may be used by the laboratories for the analysis of total voes, SVOCs, and metals. 
The methods listed here are inconsistent with those listed in the 1995 QAPP. 
Specifically, for total VOCs analysis the WAP lists methods 8020, 8021, 8024 8240 or 
8260 for the analysis of benzene. The QAPP however, lists only 8240A and 82608. 
This is a key issue since the WAP references the QAPP for the QA/QC limits, 
procedures and information for the parameters. However, if different methods from 
those listed in the QAPP may be used, then the referenced QA/QC information from 
the QAPP is not appropriate. 

The WAP must provide a set of exact analytical methods that each site must use. If 
each site is able to use a different method, comparison of data sets will then become 
difficult. Revise the permit application to address this. Also, revise the permit 
application to provide complete QA/QC information for all of the methods listed in the 
WAP. 

RESPONSE 

Tables C-9, C-10, and C-11 (formally C-6, C-7, and C-8) have been compared to the 
QAPP and SW-846 and made consistent with these documents. The analytical 
methods listed in the QAPP with alphabetic designators are revisions to the numerical 
method. Since revisions to SW-846 are frequent, and there is not a set schedule for 
revisions, a footnote has been added to tables C-9, C-10, and C-11 to indicate that 
the most recent version of the analytical methods will be used. 

The application has been revised to include new versions of these tables. 

40 



58. Chapter C, C-4 Laboratory Selection and Analytical Methods, Page C-25, Lines 
1-6. 

The QAPP lists only the analytical methods for CH waste, but no analytical methods 
for RH waste are included. Revise the permit application to provide the parameters, 
methods, and QA/QC procedures that are to be used for RH waste. (See General 
Comment No. 5). 

RESPONSE 

Analytical methods for RH wastes have not been included in the Methods Manual at 
this time. Most of the RH waste will probably be able to be sampled and analyzed 
using the same methods as CH waste, but the methods will have to be performed in a 
hot cell facility. Since analytical and sampling methods have not been finalized, 
QA/QC parameters have not been defined. Table C-7 has been added to the 
application to outline the planned waste characterization techniques to be used for RH 
waste. 

The application has been modified to include this explanation. 

***** 

59. Chapter C, C-4 Laboratory Selection and Analytical Methods, Page C-25, Lines 
9-13. 

The permit application does not sufficiently describe data validation procedures. 
Revise the permit application to either provide the appropriate validation guidance 
(e.g., USEPA CLP National Functional Guidelines for Organic and Inorganic Data 
Review), or include the specific data validation proced1..res to be used for each 
analyses. Revise the permit application to incorporate applicable section of the 
QAPP. Data validation information should include: 

All criteria for the acceptance, rejection or qualification of all data; 
The checklists that are to be used; 
Definition of all qualifiers that may be applied to the data during the validation; and 

• A discussion of the corrective action measures that may be taken on all unusable 
data. 

RESPONSE 

Section 3.2 of the QAPP has been added as part of Appendix Ca (previously 
Appendix C6). Appendix ca already includes the Quality Assurance Objectives (the 
criteria for acceptance of the data) for each method. The added text provides the 
specific equations needed to calculate quality indicators. Also, the tables from the 
specific sections of the QAPP that give the criteria and corrective action limits have 
been added. The references to Appendix CB have been made more specific in the 
text. 
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The application has been modified in Appendix CB to include Section 3.2 of the QAPP 
and more specific references. 

***** 

60. Chapter C, C-4 Laboratory Selection and Analytical Methods, Headspace Gas 
Sampling and Analysis, Page C-25, Lines 19-26. 

The permit application does not include quantification of hydrogen and methane. 
These parameters are included in Table C6-1 of Appendix C6 of the 1995 QAPP, as 
well as the February 1995 Performance Demonstration Plan (PDP); however, there is 
no mention of these compounds in the application. Justify not including these 
constituents in the document (refer to Specific Comment No. 13) and if these are to 
be included, the WAP must be revised to include the associated QA/QC and analytical 
procedures. Also, the DQOs should be revised to include sampling and analysis for 
these parameters. Revise the permit application to address these concerns. 

RESPONSE 

Hydrogen and methane are not hazardous waste or hazardous constituents. They are 
of importance because of their potential for flammability and, therefore, are addressed 
in several areas of the application from the standpoint of their potential hazards. They 
are treated as flammable gases in Chapters D, F, and I. 

The application has been modified in Appendix CS (previously Appendix C6) to 
remove references to hydrogen and methane. 

***** 

61. Chapter C, C-4 Laboratory Selection and Analytical Methods, RTR, Page C-25, 
Lines 28-35. 

The document states that RTR will be used to determine that the wastes do not 
contain free liquids. Revise the permit application to provide a more thorough 
discussion of the RTR process, including how an accurate measurement of < 1 % can 
be made to determine the free liquids. With such a precise amount (1 %) it is not 
c:ear how a visual reading will derive the required accuracy. Since each RTR reader 
is different in their interpretation, it is not clear if this method will produce such 
accurate and verifiable results. Revise the permit application to provide more 
information regarding how consistency between RTR examiners will be ensured. 

RESPONSE 

The radiography process is controlled through the Quality Assurance Objectives in the 
QAPP. The QAPP requires that replicate scans of the same drum must be performed 
by a different operator for each testing batch. Observation of one of the scans (not 
the same scan as the replicate scan) must be performed for each batch. Even though 
the radiography is a semi-quantitative process that requires judgment on the part of 
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the operator, special attention is focused upon radiography results. The sites are 
required to train the RTR operators to acceptance/rejection criteria for free liquids. If 
free liquids are detected, the container is returned to the point of generation where the 
non-conforming item is removed. For storage sites, like the INEL, the WAC requires 
that the use of~ 1 % of the internal containers as a guideline to assuring that the ~1 % 
of the overall waste container requirement is achieved. Minimum training requirements 
for RTR operators have been established. These requirements have been described 
in Appendix C4. The sites are required by the QAPP to incorporate training drums into 
the training and re-qualification program . The training programs, controlling 
procedures, and the specific equipment validations (such as the incorporation of 
resolution screens and training drums) are verified at the time WIPP verification audits 
are performed. See Appendix C4 for more description of the Radiography method, 
Appendix CS for the applicability of RTR for the various waste codes, and Appendix 
CB for the Quality Assurance Objectives (QAOs) for Radiography. 

***** 

62. Chapter C, C-4 Laboratory Selection and Analytical Methods, RTR, Page C-25, 
Line 29. 

This section states that "RTR, or the equivalent, will be used." Revise the permit 
application to specify the other "equivalent" method options. 

RESPONSE 

The "equivalent" here was meant to include visual examination by the smaller quantity 
sites that may not have, or desire to acquire, a radiography system. However, other 
methods are being explored by DOE for the radiographic examination of TRU waste 
that have the potential to increase the resolution of radiometric images and increase 
the discrimination of various waste items. These methods are being developed by 
DOE and by private industry. Several prototype systems exist that are in the process 
of being validated as qualified radiographic examination methods. When these 
systems are completely operational and approved, they will be included in future 
revisions of the Methods Manual. 

The text has been modified in Section C-4c to read: "Since the system required for 
conducting radiography examination is fairly expensive, smaller generators exercise 
the option to conduct visual examination of all waste containers in lieu of radiography." 

* * * * * 

63. Chapter C, C-4 Laboratory Selection and Analytical Methods, Total VOCs, 
SVOCs, and Metals, Page C-26, Lines 1-8. 

It appears that the SVOCs methods in the Methods Manual incorporates analytical 
"cleanup" methods; however, the WAP does not reference any relevant SW-846 
cleanup methods. Revise the permit application to indicate whether cleanup methods 
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for soils that are analyzed for SVOCs will be performed. If so, include these analytical 
method numbers in the WAP. 

RESPONSE 

The use of cleanup/preparation methods for SVOC analysis will be the prerogative of 
the analyst performing the analysis. If the analyst determines that the sample must 
be prepared in any way, the Methods Manual directs the analyst to SW-846 for those 
methods. Since all methods in SW-846 are approved by the EPA, they are 
acceptable for use for the waste characterization program. 

The application was modified in Section C-4a to include a sentence stating "if cleanup 
preparation is required, the analyst will be referred to SW-846." 

***** 

64. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-26, Line 26; and Page C-27 Line 1. 

This section uses the terminologies "acceptance" and "approval," respectively, in 
conjunction with Phase I. Section C-Sb Page C-27, Lines 1 and 7, also use the 
terminologies "acceptance" and "approval," respectively, in conjunction with Phase II. 
However, EPA's guidance manual (Waste Analysis at Facilities that Generate, Treat, 
Store and Dispose of Hazardous Wastes) indicates the term "pre-acceptance" should 
be used when discussing Phase I, and the term "acceptance" should be used when 
discussing Phase II. Revise the permit application to properly and consistently use 
the terms "pre-acceptance" and "acceptance". 

RESPONSE 

WIPP has consistently used the terms approval and acceptance for many years. 
Approval to ship comes after all of the Phase I activities have been successfully 
accomplished. The acceptance of the waste stream data is performed during the 
Phase I verification, and acceptance of shipments is accomplished after receipt at 
WIPP and the Phase II screening is complete. The EPA Guidance Manual for Waste 
Analysis at Facilities That Generate, Treat, Store, And Dispose of Hazardous Waste 
also uses the word approved after the waste has been shown not to contain 
discrepancies, and the word acceptance to denote a document that is processed prior 
to the scheduling of the waste shipment. 

The text has not been changed in response to this comment. 

***** 
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65. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-Sa, Phase I Waste 
Shipment Screening and Verification, Page C-26, Lines 28 and 29. 

This section provides information regarding Phase II screening and verification at the 
WIPP facility. However, this section is focussed on Phase I. Remove this Phase II 
statement from the Phase I discussion. 

RESPONSE 

Phase I screening includes the verification of characterization data. This screening is 
done in Phase I on the characterization data prior to approval of the Waste Stream 
Profile Form which indicates that the waste stream is acceptable for disposal at WIPP. 
Waste containers from that stream, whose data meets the criteria of the WAC, the 
TRAMPAC, and the data screening performed by the 'WNIS, can then be shipped to 
WIPP where the Phase II screening is performed. 

Section C-5 has been revised throughout to provide clarification of the Phase I and 
Phase II screening process. 

***** 

66. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-26, Line 31. 

This section uses the term "sufficient." Revise the permit application to explain what 
is the meaning of this term. 

RESPONSE 

The text has been revised to read "the required" instead of "sufficient". Depending 
upon the applicability of the methods to the particular waste stream, this would 
normally include acceptable knowledge documentation, RTR results, radioassay 
results, headspace gas analysis results, the results of totals analysis for metals and 
organics for homogeneous and soils/gravel waste, and results from those samples 
that received visual examination. The generator site must collect data from all of the 
required analyses and acceptable knowledge documentation in order to be able to 
complete the Waste Stream Profile Form, and provide supporting documentation for 
that form. 

Text has been revised in Section C-5a to indicate all QAPP data for the stream must 
be supplied to the generator site project manager to permit him to complete the Waste 
Stream Profile Form. 

* * • * * 
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67. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-26, Line 32. 

The permit application refers to data packages that are acceptable to WIPP facility 
personnel. However, no other information is provided regarding this acceptable data 
package. Revise the permit application to include a detailed discussion of the data 
packages that will be evaluated, including the specific content of these packages. 

RESPONSE 

The text was modified in Section C-5a to read: "When the required waste stream 
characterization data have been collected by the generator and the site audit has 
been completed, the generator site project manager can verify that waste stream 
characterization meets the WAP ... " 

***** 

68. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-26, Line 33. 

This states the "manager can make a determination that the waste stream 
characterization meets the WAP requirements," but the application does not address 
the opposing side of that event. Revise the permit application to discuss what will 
happen if the manager determines the waste stream characterization does not meet 
the WAP requirements. 

RESPONSE 

WIPP is only interested in those streams that can be shown to be acceptable to the 
WIPP. Other streams are of no interest unless they can be and are modified to be 
acceptable. That is a generator site issue. These events are illustrated in the revised 
TRU Waste Screening flow/logic diagram submitted as Figure C-6. The text has been 
modified in Section C-5a to read: "If the waste characterization doesn't meet the 
requirements of the WAP, the waste stream cannot be sent to the WIPP until those 
requirements are met." 

* * • * * 

69. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-26, Lines 36 and 37. 

The permit application states the waste stream has been adequately characterized 
according to the WIPP facility-approved QAPjP. It is not clear if WIPP approves the 
site-specific QAPjPs and/or the generator approves it. Revise the permit application 
to clarify who will approve site OAPjPs, and include portions of the QAPP as 
necessary. 
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RESPONSE 

Approval of the QAPjPs is performed by the DOE/CAO as indicated on Table C10-1, 
Requirements for Review, Approval, Implementation, and Control of the QAPP and 
QAPjP. 

The application has ~ot been modified in response to this comment. 

***** 

70. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-26, Lines 36 and 37. 

This states "the waste stream ... has been adequately characterized for disposal 
according to ... the QAPP DQOs." Although this statement references the QAPP 
DQOs, the QAPP DQOs are insufficient as presented in the 1995 QAPP Section 1.0. 
The QAPP DQOs do not match the similarly inadequate WAP DQOs as presented in 
the permit application on Page C-21 Line 26 through Page C-22 Line 16 (See specific 
Comment No. 46). Since the DQOs are so poorly presented, it is impossible to 
determine if adequate characterization can occur based on those DQOs. Revise the 
permit application to either provide as an attachment or reference a sufficient 
discussion of DQOs. 

RESPONSE 

The DQOs stated in the QAPP are overall statements of the characterization program 
objectives that define the appropriate ~ of data required for the program. However, 
the QAOs associated with each characterization method are very definitive. The QAOs 
associated with analytical methods that provide a quan',itative result (such as 
headspace gas analysis. radioassay. and totals analysis for homogeneous waste) in 
particular, provide assurance that the data generated by these methods are of known 
quality. The QAOs for the data characteristics of accuracy, precision, completeness, 
representativeness. and comparability have been added to the text. The definitions of 
these QAOs have been added to Appendix C8. 

The text has been revised to include the QAOs. in addition to the DQOs in Section C-
4d. The generator will use these QAOs and DQOs for a basis of the determination of 
whether or not a stream has been adequately characterized. 

• • • • • 

71. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Lines 4-6. 

This section of the permit application discusses what will take place if discrepancies 
arise upon WIPP review of the generator Waste Stream Profile Form. However, if 
discrepancies arise at the generator before providing any information to WIPP, how 
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the generator will resolve the discrepancies is never discussed. Revise the permit 
application to provide this information. 

RESPONSE 

The QAPP requires the site to implement a non-conformance program to identify, 
document, and report discrepancies. The QAPP requires that site management at all 
levels shall foster a "no fault" attitude to encourage the earliest identification of 
discrepancies and/or deviations from approved procedures. The QAPP requires that 
non-conformances shall be identified and dispositioned according to controlled 
procedures. The non-conformance program, including the incorporation of corrective 
actions, will be reviewed during performance audits for evidence of satisfactory 
implementation. The audits will also look for any discrepancies not identified by the 
site or resolutions not in line with the requirements of the QAPP, WAC, or the 
TRAMPAC, and make recommendations for corrective actions to be implemented that 
will reinforce the site non-conformance program. 

The text has been revised in Section C-Sa to include "If discrepancies in a waste 
stream are detected at the generator site the QAPP requires the site to implement a 
non-conformance program to identify, document, and report discrepancies. The QAPP 
requires that site management at all levels shall foster a "no fault" attitude to 
encourage the earliest identification of discrepancies and/or deviations from approved 
procedures. 

* * * * * 

72. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Lines 4-6. 

This segment states if waste discrepancies arise, the aenerator will be contacted and 
required to provide additional information to resolve the discrepancy before any waste 
container can be shipped to the WIPP. However, the previous portion of this section 
indicates that Phase I verification will be based upon the Waste Profile Form, which is 
generated for each waste stream. not each container. It is therefore unclear how the 
individual container information will be included in the Phase I verification process. 
Revise the permit applica!ion to include a more concise and detailed description of 
this process. Additionally, the permit application does not indicate the personnel 
position at WIPP which will have the responsibility, authority, and accountability to 
contact the generator. The permit application also does not specify the personnel 
position at WIPP which will acquire the necessary additional information from the 
generator to resolve the discrepancy Revise the permit application to provide this 
information. 

RESPONSE 

The discrepancies here refer to discrepancies identified in reviewing the Waste 
Stream Profile Form and/or any backup information, including characterization data 
reports provided for waste in that stream. The waste stream will be accepted for 
disposal at the WIPP before each individual container of the waste is considered for 
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disposal. A check of the acceptance of each container, based on the waste 
acceptance criteria, will occur, but only after the associated waste stream has been 
approved for disposal at WIPP. 

The application has been modified in Section C-5a to clarify this acceptance process. 

***** 

73. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Line 8; and Section C-5b Page 
C-30 Line 24. 

These sections both use the term "per container." Revise the permit application to 
provide an explanation of the term "per container." 

RESPONSE 

In the introduction to Chapter C, a statement was added to read: "The use of the term 
'container' in this document refers to a drum, canister, Standard Waste Box, or Ten
Drum Overpack unit." 

***** 

74. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Line 20. 

This section uses the term "periodic." Revise the permit application to clarify what is 
meant by the term "periodic" review. 

RESPONSE 

The term periodic here refers to audits performed initially and then at least annually, 
including the possibility of un-announced audits. The characterization data and newly 
compiled acceptable knowledge documentation will be reviewed each time the audits 
are performed as a integral part of the audit. 

The word periodic has been deleted in the text so as not to infer that the audits do not 
include review of the data at each and every audit performance. 

• * * • * 

75. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Lines 24-35; and Page C-28, 
Lines 1-6. 

This section presents numerous Waste Stream Profile Form examinations that will be 
conducted by WIPP personnel. However, specific personnel positions which will be 
responsible for these examinations are never mentioned, along with their authority 
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and accountability. Revise the permit application to include a discussion of the 
specific personnel positions responsible for these activities. Demonstrate that these 
personnel positions have commensurate authority and accountability. Provide a 
mechanism by which these examinations are ensured to occur. 

Also, there is no mention of discrepancy resolution, if any discrepancies arise during 
these examinations. Revise the permit application examination process to include 
discrepancy resolution. 

RESPONSE 

Waste Operations, Environmental Compliance and Support, and Quality Assurance 
will be responsible for these functions, although specific job titles have not been 
determined. 

The application was modified in Section C-Sa to assign responsibilities to these 
organizations. 

***** 

76. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Line 24. 

This section states the WIPP personnel will review the Waste Stream Profile Form. 
However, the text never mentions whether or not an initial review of the form is 
conducted by the generator. Revise the permit application to include an initial review 
of the Waste Stream Profile Form by responsible, authoritative and accountable 
personnel positions at the generator. 

RESPONSE 

The signature of the generator site project manager, after the certification statement at 
the bottom of the Waste Stream Profile Form, is the certification that the form was 
reviewed. 

The application has not been modified in response to this comment. Section C-4d, 
data transmittal covers submittal of the Waste Stream Profile Form. 

* * * * * 

77. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Line 24. 

The permit application states that WIPP personnel will verify that the Waste Stream 
Profile Form is complete and accurate. Revise the permit application to provide a 
detailed discussion of what will occur if the form is incomplete or inaccurate. 
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RESPONSE 

The Waste Stream Profile Forms will be reviewed, along with supporting information 
such as the characterization reports required by the QAPP, to confirm that all of the 
required information on the form has been supplied. The information supplied will be 
reviewed to ensure that the statements made on the profile form are supported by the 
backup information provided with the form. This will include the reports supplied from 
the analyses performed as part of the characterization and a listing of supporting 
acceptable knowledge documentation such as process descriptions and chemical lists. 
If information is missing from the form and/or is in conflict with the supporting 
documentation, the form (and, therefore, the associated waste stream) will be 
rejected, and the generator site will be notified to modify the form prior to resubmittal 
for WIPP consideration. 

The application has been modified in Section C-5a to include detail about 
discrepancies on a Waste Stream Profile Form. 

***** 

78. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Line 26. 

The permit application uses the terms "waste-stream description" and "final waste 
form summary category." However, these terms are not consistent with Figure C-4, 
the Waste Stream Profile Form. Revise the permit application to clarify if the ''waste 
stream description" is the same as "waste stream ID #" on the form. Explain whether 
the "final waste form summary category" is one item or two, as the form lists two 
separate entries as "final waste form name" and "summary category#". Also, revise 
the entire permit application to use all terminology consistently. 

RESPONSE 

The Waste Stream Profile Form was revised, and the text has been changed to be 
consistent with the information included on the Waste Stream Profile Form. 

79. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-27, Lines 34 and 35. 

This section mentions "current" WAC certification. However, the permit application 
includes no explanation of the term "current." Revise the permit application to include 
a discussion of "current" WAC certification. 

RESPONSE 

The term "current" has been deleted. Once the Waste Analysis Plan is completed, 
and the NMED has agreed to its adequacy (via issuance of a permit), it will be 
included in the WAC. This "version" of the WAC then becomes the standard for 
implementing the RCRA permit and WAP requirements on generators. If changes to 
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the WAC are necessary after this time, then changes will not affect the RCRA criteria 
unless there has been a permit change (e.g., more restrictive headspace gas 
concentrations due to operational constraints). Consequently, the check performed by 
Waste Operations will be to verify the an "appropriate" version of the WAC was used 
for certification. A version of the WAC is appropriate if: 1) it contains all the conditions 
of the RCRA permit, and the WAP applicable to a particular waste stream, and 2) it 
was current at the time of certification. 

The application has been modified in Section C-5a to delete the word current and 
read 'Waste Operations will verify that WAC certification has been granted to the 
generator. 

***** 

80. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-28, Line 1. 

This section states that WIPP personnel will perform three verification activities. 
However, the permit application does not adequately discuss three verification 
activities, including the process by which the verification activities will occur, and the 
mechanism ensuring that the verifications occur. Revise the permit application to 
provide a detailed discussion of the three verification activities. 

RESPONSE 

The application has been modified in Section C-5a to include: "The verification of 
waste stream description will be performed by reviewing the waste characterization 
data package for consistency in the waste stream description. The data package will 
also indicate if the waste has been checked for ignitability, corrosivity, or reactivity. 
The final verification of waste compatibility will be verified through the use of Appendix 
C1, the compatibility study. Since the Part A does not include hazardous waste codes 
that are not consistent with the waste acceptance criteria, a consistency check 
between the hazardous waste codes for the waste stream and the hazardous waste 
codes listed on the Part A will verify that the waste stream is not ignitable, corrosive, 
or reactive, and that it is compatible with the other waste to be disposed of at the 
WIPP facility." 

* * * * * 

81. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5a, Phase I Waste 
Shipment Screening and Verification, Page C-28, Line 1. 

The permit application mentions "process tolerance limits" for the first and only time. 
However, a detailed explanation is not provided for this terminology. This notation is 
an artifact from the previous permit application, as well as the original version of 
EPA's Waste Analysis Plan Guidance. EPA now refers to "process tolerance limits" 
as "operating acceptance limits." Revise the permit application by changing the 
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reference from "process tolerance limits" to "operating acceptance limits," if 
applicable. 

RESPONSE 

"Process tolerance limits" means limits that waste must meet to be accepted for 
disposal at the WIPP facility. This is also referred to as waste acceptance criteria. 
"Process tolerance limits" has been changed in Section C-Sa to "waste acceptance 
criteria. n 

82. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Page C-28, Lines 8 and 1 O. 

This section of the permit application presents the title of this section, but it is 
referenced inconsistently. Line 8 states the title as ''waste screening," and Line 1 O 
states the title as "waste shipment screening." Line 10 is consistent with the Phase I 
title. Revise the permit application to correctly and consistently use the Phase II title. 

RESPONSE 

The section titles and text in Sections C-Sa and C-Sb have been revised to indicate 
that the Phase I screening is a waste stream data screening function and that the 
Phase II screening is a waste shipment data screening function . 

• * * * * 

83. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Page C-28, Lines 18-33. 

This section presents information which must be provided by the generator with each 
container shipped to WIPP. However, this information list is incomplete. The 
information must also include, at a minimum: generator EPA ID number, generator 
technical contact name, and generator technical contact telephone number. The 
waste characterization data must include a detailed description of the constituents, 
summary of the waste characteristics. and the waste data package numbers as 
supporting documentation. 

Also, the information should be provided on a standard form to avoid inconsistencies. 
To illustrate, the "information for each container," which is listed in Section C-Sb, Page 
C-28, Lines 18-33 is inconsistent with the "information associated with each container'' 
which is listed in the same section on Page C-29, Lines 14-24. These inconsistencies 
demonstrate the need for a standard form. Revise the permit application to include a 
standard form presenting all of the necessary information. 

RESPONSE 

The DOE intends to use a Uniform Hazardous Waste Manifest for the shipment of 
mixed wastes. This manifest will contain the information requested by NMED. 
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Information such as the EPA ID number for the generator site, the name and the 
telephone number of the generator site contact, a list and description of the hazardous 
constituents, a summary of the waste characteristics, and the waste container IDs on 
the manifest will be reviewed as part of the Waste Shipping Data Screening review. 

These changes have been made in Section C-5b discussing Phase II verification to 
clarify what data screening will take place once that the waste arrives at WIPP. 

***** 

84. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-Sb, Phase II Waste 
Screening and Verification, Page C-28, Lines 37-39. 

The permit application states the verification of information provided for each 
container will be performed. However, the specifics of the verification process are not 
presented, along with a mechanism used to ensure that the verification takes place. 
Revise the permit application to include a detailed discussion of the verification 
process and assurance mechanism. 

RESPONSE 

The text in Section C-5a has been revised to indicate that the shipment information 
provided will be reviewed for completeness. More detail has been added to the text 
about review and verification of the manifest, the LOR form, and the WWIS data. 

***** 

85. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Page C-28, Lines 41-43. 

This portion of the text provides information about the discrepancy resolution process, 
but this information lacks detail. Additional information is needed regarding the 
discrepancy resolution process which includes, but should not be limited to the 
following: the WIPP personnel position responsibility, authority and accountability for 
contacting the generator and following through the discrepancy resolution process; 
where the waste will be stored during the resolution period; what happens if the two 
discrepancy resolution time periods are exceeded; and a mechanism by which this 
process is ensured to occur. 

Also, the permit application must be clarified regarding the discrepancy resolution 
process. The permit application indicates that generator personnel will be contacted 
by WIPP personnel, but the application does not specify the generator personnel 
positions that will be contacted (e.g., the technical contact, personnel other than the 
technical contact). Also, the length of time listed for contacting the generator is 15 
days, but the application should clarify how the 15 days are calculated (e.g., from the 
date of waste container receipt, from the date of discrepancy discovery). The length 
of time for discrepancy resolution is 30 days, and the permit application also must 
clarify how the 30 days is calculated (e.g., from the date of waste container receipt, 
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from the date of discrepancy discovery, from the date of generator notification 
regarding discrepancy discovery). Revise the permit application to address these 
concerns. 

RESPONSE 

Waste Operations (WO) will perform all of the physical inspection and handling of the 
waste that comes to WIPP. WO will visually verify the waste shipments and review the 
shipping documentation such as the Uniform Hazardous Waste Manifest (UHWM) 
according to established procedures and the resolution of discrepancies that arise 
from that review. Authorized WO personnel will compare the shipping documentation 
to the information in the WWIS for agreement. Any differences in the data will be 
resolved with the generator. For significant "Manifest Discrepancies" as defined in 40 
CFR 264.72a, the resolution will be handled according to 40 CFR §264.72(b). For 
other discrepancies, authorized WIPP WO personnel will contact the "generator 
contact" listed on the UHWM within 15 days of the date of the receipt of the waste to 
initiate the resolution process. The waste will be retained in the Waste Handling 
Building while the discrepancy is being resolved. The generator personnel will be 
requested to provide corrected information that will be considered in the resolution of 
the discrepancy within 30 days of the date of the notification of the discrepancy. The 
waste will be stored in the Waste Handling Suilding storage area until the resolution 
has been completed. If the resolution determines that the waste is acceptable, waste 
will be disposed in the WIPP. Otherwise the waste will be returned to the generator. A 
record of the resolution of the discrepancy will be maintained as part of the Operating 
Record. 

The application was modified on page C-51, Section C-5b to include this discussion. 

***** 

86. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Page C-29, Lines 1-3. 

This portion of the permit application states that both individual rejected waste 
containers and entire waste shipments that have been rejected will be transported 
back to the generator. However, a process by which this shipping/transporting occurs 
is not presented, along with a mechanism used to ensure that the 
shipping/transporting of rejected containers to the generator occurs. Revise the 
permit application to provide a detailed discussion of the shipping/transporting process 
and assurance mechanism. 

RESPONSE 

The return shipment of a rejected container(s) will be handled according to 
established WIPP transportation procedures that deal with hazardous waste shipment, 
using a Uniform Hazardous Waste Manifest, and will be documented according to the 
records management provisions of the procedure. Documentation of the actions from 
the WO procedure on waste receipt will indicate the necessity to return unacceptable 
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containers. The records from these procedures will provide an auditable trail. In 
addition, if changes to the data in the WWIS are required to indicate the current status " • 
of the container(s), a reason will be required to change the data. This reason, plus the 
record of the WWIS data change, will be maintained in the Change Log of the WWIS. 
This will become an additional auditable record to document the container status. 

The application was modified on page C-51, Section C-5b to include this discussion. 

***** 

87. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of the EPA Hazardous Waste Manifest 
and Associated Waste Tracking Information, Page C-29, Lines 6 and 7. 

The permit application states that WIPP personnel will review the manifest for 
completeness. However, this is inconsistent with Section C-5b, Page C-28, Line 13, 
which states completeness and accuracy will both be reexamined. More importantly, 
the permit application does not address manifest requirements adequately, as 
required in 20 NMAC Section 4.1, Section V, 264.70-72. Revise the permit application 
to address these concerns. 

RESPONSE 

The manifest will be checked for completeness before the driver is released. The 
driver is released before the TRUPACT-11 is opened. Since the contents of the 
shipment cannot be determined until the TRUPACT-11 is opened, only a manifest 
completeness check can be performed at this time. An accuracy check will be done 
after the driver is released and the TRUPACT-11 has been opened. 

The application has been modified in Section C-5b, page C-51 to indicate that a 
completeness check will be performed. Also section C-5b contains a list of manifest 
information that will be checked. 

***** 

88. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of the EPA Hazardous Waste Manifest 
and Associated Waste Tracking Information, Page C-29, Lines 7 and 8. 

This portion of the permit application states the manifest is reviewed and signed in 
order to release the driver. Revise the permit application to provide a detailed 
discussion regarding actions that will be taken if a discrepancy is found on the 
manifest before it is signed to release the driver. 

RESPONSE 

The manifest will be signed and the driver will be released after the manifest is 
checked for completeness (all required information is provided). The accuracy check 
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against the waste received will be performed after the driver is released since this 
check could take a few hours or more. The WIPP will take custody of the shipment 
from the driver, but not approve it for disposal until an accuracy check has been 
performed. 

The application has been modified in Section C-5b. pg. C-50 to clarify this process. 

***** 

89. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of the EPA Hazardous Waste Manifest 
and Associated Waste Tracking Information, Page C-29, Lines 8-11. 

This portion of the permit application states that waste container identification 
numbers will be noted and checked against the \fl/\NIS database for shipment 
completeness. However, there is no other information provided on the process by 
which this completeness check occurs, and the mechanism that ensures this check 
will be performed. Revise the permit application to provide a shipment completeness 
check process, and a mechanism ensuring performance of the completeness check. 

RESPONSE 

The \/WI/IS has a standard report that contains a listing of all of the containers in a 
shipment. The report is the "Shipment Summary Report", and it lists all containers 
numbers by shipment number, by TRUPACT Number (for CH) or Shipping Cask 
Number (for RH) in the shipment, and by assembly number (for CH, 7-packs). 

The administrative operating procedure that controls the receipt of waste will specify 
the use of the \/WI/IS data to check for waste shipment completeness. This process 
will be documented as part of the record required by the operating procedure for the 
receipt of waste. 

A Section describing the reports generated by the \/WI/IS and the purposes of the 
reports is provided in Section C-5a. 

90. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of the EPA Hazardous Waste Manifest 
and Associated Waste Tracking Information, Page C-29, Lines 11-24. 

This section mentions the \/WI/IS computer database, lists a few information items 
included in the database, and states that there are other information items in the 
database that are not mentioned in the text. Revise the permit application to provide 
a detailed discussion on the \/WI/IS computer database, including but not limited to, 
information such as what type of data are stored in it; what type of reports are 
generated by it; how often reports are generated; to whom are the reports distributed; 
what personnel positions have access to it; what type of access do they have; and the 
DOE personnel positions responsible, with the authority, and accountable for \/WI/IS. 
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RESPONSE 

A more complete discussion of the WMS has been added to Section C-Sa. It explains 
the basic functions of the WMS, lists data fields related to RCRA, and describes 
some of the basic reports. In addition, Table C-12 has been added to provide WNIS 
data fields. 

• •••• 

91. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of the EPA Hazardous Waste Manifest 
and Associated Waste Tracking Information, Page C-29, Lines 12 and 13. 

This section of the permit application states that the WNIS computer database will 
maintain the waste tracking information as it is developed on site. The phrase "as it is 
developed on site" is unclear. Revise the permit application to clarify this phrase. 

RESPONSE 

The WNIS will maintain the information on waste receipt and emplacement, which will 
be input by the WIPP WO personnel at the time of emplacement in the repository. 
This information will complete the historical record for each container emplaced in the 
repository. 

The text has been revised in Section C-Sb to indicate that receipt and emplacement 
data will be provided to the WNIS from WIPP WO personnel. 

***** 

92. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of the EPA Hazardous Waste Manifest 
and Associated Waste Tracking Information, Page C-29, Lines 29-31. 

This portion of the document states that any information in WNIS that is required to 
be retained in the operating record will be excerpted and printed, and the hard copy 
will be retained. It is unclear what information from the WMS is required to be 
retained; how long the information in VWJIS will be retained in the operating record; 
how and what information will be excerpted; how long the hard copy will be retained; 
and where the hard copy will be retained. Revise the application to include this 
information, or to reference where this information is discussed. 

RESPONSE 

The WNIS Data Administrator will be required to print out the data on every container 
of each shipment and to insert it into a log which becomes a part of the Operating 
Record. There is a special VWJIS report format for this purpose. The WNIS database 
will be backed-up and archived according to the WIPP Site computer backup and 
archiving plan. All parts of the operating record will be kept until closure of the facility. 
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Section C-Sa has been changed to include a list and brief description of the various 
VWJIS reports, also Section C-Sb describes WWIS data check actions. 

***** 

93. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of Land Disposal Restriction Notice, 
Page C-29, Lines 34 and 35. 

This states that the WIPP facility may dispose of land disposal restricted (LOR) waste 
if their no-migration variance petition (NMVP) is successful. Revise the permit 
application to provide a discussion of the waste management relative to LOR 
requirements if the NMVP is not successful. 

RESPONSE 

The DOE currently has no plans to receive prohibited mixed waste for disposal at the 
WIPP facility that are not covered by a No-Migration Determination (NMD). Unless an 
NMD is granted by the EPA for the disposal phase, or waste destined for disposal at 
the WIPP facility is otherwise exempted from the Land Disposal Restrictions, the DOE 
will manage only non-mixed waste until treatment methods are identified and the 
appropriate permit modifications have been obtained. 

The application has not been modified in response to this comment. 

* * * * * 

94. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Examination of Land Disposal Restriction Notice, 
Page C-29, Lines 35 and 36. 

The permit application states that the generator must provide, to the WIPP facility, an 
LOR determination and notice that the waste is not prohibited from land disposal 
because the waste is covered by a no-migration variance determination (NMVD). The 
text notes that this statement assumes a NMVD will be granted by EPA. However, 
should such a variance be granted. 1t 1s possible that not all of the Part A hazardous 
waste will be included Therefore. an LOR determination and notice form example 
should be provided. Revise the permit application to include a LOR determination and 
notice form, including any and all of the necessary information. 

RESPONSE 

The DOE currently has no plans to receive TRU mixed waste for disposal at the WIPP 
facility that is not covered by a No-Migration Determination (NMD). A list of what is 
required to be included in the notice from the generator is included in the text. No 
standard form has been adopted for this LOR information. 

The application has not been modified in response to this comment. 
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95. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-Sb, Phase II Waste 
Screening and Verification, Examination of Land Disposal Restriction Notice, 
Page C-30, Line 2. 

This section states the wastes will be in conformance with conditions of the NMVD. 
However, the No Migration Variance Petition schedule is different than that for the 
permit application, and it is not conclusive that the NMVD will be granted. Therefore, 
the permit application must be revised to indicate that waste will meet LOR 
requirements or the current standard, given that the current standard could mean 
NMVD requirements. Revise the permit application to state this. Also, there are no 
mechanisms in place to determine that this conformance assessment will occur. 
Revise the permit application to indicate how LOR compliance conformance will be 
ensured. 

RESPONSE 

The DOE currently has no plans to receive prohibited mixed waste for disposal at the 
WIPP facility that are not covered by a No-Migration Determination (NMD). Unless an 
NMD is granted by the EPA for the disposal phase, or waste destined for disposal at 
the WIPP facility is otherwise exempted from the Land Disposal Restrictions, the DOE 
will manage only non-mixed waste until treatment methods are identified and the 
appropriate permit modifications have been obtained. 

The application has not been modified in response to this comment. 

* * * * * 

96. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Visual 
Verification, Page C-30, Line 8. 

The permit application states that written procedures will be used to perform visual 
verification. However. these procedures are not provided. Revise the permit 
application to include a detailed discussion of the visual verification procedures that 
will be used, and provide these procedures as an attachment or appendix to the 
permit application. 

RESPONSE 

Written procedures will be used to receive the shipments, to off-load the TRUPACT-lls 
or the road casks, to unload the waste containers from the TRUPACT-lls, and to 
emplace the waste underground These procedures will be available for examination 
at the WIPP facility. 

A reference was added to reference Section D-10a(3)(b) since more detail is provided 
in this section regarding visual verification of shipments. 

* * * *. 
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97. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-Sb, Phase II Waste 
Screening and Verification, Visual Verification, Page C-30, Lines 12-19. 

This portion of the permit application presents the items that will be inspected during 
the visual verification. However, this list is incomplete and requires clarification. For 
example, although the number and type of containers will be inspected for matching 
the manifest, no mention is made of noting any discrepancies found as a result of this 
inspection. Also, although the application states that the "container defects" will be 
inspected, the permit application should state that the container condition will be 
inspected and container defects will be noted. Revise the permit application to 
include a complete and consistent list of the items that will be inspected and the 
possible findings. 

Also, although deficiencies, discrepancies and defects will be noted as part of the 
visual inspection, the permit application includes no mention of processes to resolve 
these problems and a mechanism to ensure problem resolution occurs. Revise the 
permit application to include a detailed discussion on the problem resolution process, 
and the mechanism used to ensure problem resolution occurs. 

RESPONSE 

The text provides detail about documentation and resolution of discrepancies in 
Section C-5b discussing examination of the manifest. 

***** 

98. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Waste Shipment Screening QA/QC, Page C-30, Line 
26. 

The permit application briefly mentions waste shipment screening QA/QC, but does 
not specify the QA/QC practices employed. Revise the permit application to provide a 
detailed discussion of the waste shipment screening QA/QC practices employed, and 
include appropriate parts of the QAPP, as necessary. 

RESPONSE 

The text has been revised in Section C-5b to include more detail about the QA/QC 
practices used for waste shipment screening. 

• * * * * 

99. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Waste Shipment Screening QA/QC, Page C-30 Lines 
31 and 32. 

This portion states that QA/QC practices are extended to records management, but do 
not specify the QA/QC practices employed. Revise the permit application to provide a 
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detailed discussion of the QA/QC practices employed for records management, and 
include appropriate parts of the QAPP, as necessary. 

RESPONSE 

The additional information requested on QA/QC for records management has been 
added to Section C-5b. 

The text has been modified in Section C-5b to include: "The storage of WIPP's copy 
of the manifest, LOR information, waste characterization data, Waste Stream Profile 
Forms and other related records will be identified in the Records Inventory Disposition 
Schedule for Waste Operations" and "Records at the WIPP facility will be managed in 
accordance with the CAO Quality Assurance Program Description (QAPD) records 
management requirements. The QAPD provides quality assurance guidelines for the 
generation of QA records, indexing QA records, classification of QA records, receipt of 
QA records, storage preservation and disposition of QA records and retrieval of QA 
records." 

***** 

100. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Data Transmittal, Page C-30, Lines 36 and 37. 

The permit application states that generators will transmit data reports to the WWIS in 
accordance with the QAPP protocols. However, the permit application includes no 
details regarding these protocols and the specific location of the protocols in the 
QAPP. Revise the permit application to include a detailed discussion of the data 
report transmittal protocols. Attach or append the specific QAPP sections in part or in 
whole, as appropriate. 

RESPONSE 

The data reporting requirements in the QAPP are contained in Section 3.4. In 
addition, Table 3-2 (on pages 15 through 18 of the QAPP) defines the required data 
fields in detail. The WIPP WWIS is being modified and updated to contain all of the 
data required by the QAPP, the WAC, and the TRAMPAC. The exact protocols to be 
used in transmitting this data electronically to the WWIS have not been completely 
established at this time. There will be some differences on the actual transmission 
method and protocol used that will be based upon the system that the generator site 
has for data management. The larger sites, many of which will use similar databases, 
will be polled via ad hoc data calls using a structured query language inquiry via the 
Internet. Small quantity sites may be afforded the ability to enter the data interactively. 
However, all of the sites are required to input all of the data required by the QAPP, 
the WAC, and the TRAMPAC prior to acceptance of any waste represented by the 
data. The WWIS will perform automatic data edit and limit checks and notify the 
generator site of any data not accepted by the database. The generator will be 
required to modify the rejected data in its own database and retransmit the revised 
data to the WWIS. A discussion of the WWIS and a list of the pertinent RCRA data 
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fields has been included in the section on Phase I Screening, Section C-Sa, of the 
revised application. 

***** 

101. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Data Transmittal, Page C-30, Lines 37 and 38. 

This section of the permit application states that the WIPP facility will use approved 
written procedures/SOPs for all functions affecting the 'l/'NJIS. Neither a discussion 
regarding the procedures/SOPs nor the procedures/SOPS themselves are provided. 
Revise the permit application to include a detailed discussion of the procedures/SOPs. 
Attach or append the procedures/SOPs to the permit application, as appropriate. 

RESPONSE 

A description of the VI/WIS functions has been added to Section C-Sa. This section 
now describes the VI/WIS data that are pertinent to RCRA, some of the VI/WIS 
functions, and a summary of the main reports that will serve to document the waste 
data. The day-to-day operation of the VI/WIS, the VI/WIS access and security, and the 
VI/WIS data change control will be controlled by written procedures. These procedures 
have not been developed at this time. 

Section C-5a has been modified to provide a more detailed VI/WIS description. 

***** 

102. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Data Verification, Page C-31, Lines 2 and 3. 

The permit application states that the WIPP has established approved written 
procedures for waste screening determinations. However, neither a discussion 
regarding the procedures nor the procedures themselves are provided in the permit 
application. Revise the permit application to include a detailed discussion of the 
procedures. Attach or append the procedures to the permit application. 

RESPONSE 

Where appropriate, the content of procedures are summarized in the application, 
however, the actual procedures are not included in the application. 

No changes have been made to the text in response to this comment. 

* * * * * 
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103. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-Sb, Phase II Waste 
Screening and Verification, Data Transmittal, Page C-31, Lines 2-6 . 

This section restates the introduction to this section found on Page C-28, Lines 12-15. 
However, a more detailed discussion of data verification through waste screening 
determinations should be provided in this portion of the permit application. In fact, the 
term "accuracy" was left out of the determination of manifest completeness. Revise 
the permit application to include a more detailed discussion of data verification 
through waste screening determinations. Include the term "accuracy" to be consistent 
with previous sections. 

RESPONSE 

More detail has been added about data verification through waste screening 
determinations. This particular paragraph was deleted since it was repetitive. 

The application has been modified in Section C-5b to include detail about waste 
shipment verification and remove the specified paragraph. 

***** 

104. Chapter C, C-5 Verification of TRU Mixed Waste, Section C-5b, Phase II Waste 
Screening and Verification, Records Management, Page C-31, Lines 8 and 9. 

This section states that the WIPP manages all data and documents associated with 
waste characterization according to written procedures. However, neither a 
discussion regarding the procedures nor the procedures themselves are provided. 
Revise the application to include a more detailed discussion of the procedures. 
Attach or append the procedures to the permit application. 

RESPONSE 

Each WIPP operations procedure includes a records section that describes the 
applicable records to be generated by the performance of the procedure. The records 
are then managed according to the site Quality Assurance Standards and the Records 
Management Plan that implements the records requirements of the CAO Information 
Management Plan (IMP). A formal Records Inventory and Disposition Schedule 
(RIDS) is developed which will include each record type and disposition that follows 
the recommendations of the Government Records Schedule (GRS) recommendations 
for record management. These procedures and the records generated by their 
performance are available at WIPP for examination. All entities which generate 
records required by the regulations have been instructed to modify their RIDS 
appropriately. 

The additional information requested on QA/QC for records management has been 
added to Section C-5b. 
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The text has been modified in Section C-Sb to include: "The storage of WIPP's copy 
of the manifest, LDR information, waste characterization data, Waste Stream Profile 
Forms and other related records will be identified in the Records Inventory Disposition 
Schedule for Waste Operations" and "Records at the WIPP facility will be managed in 
accordance with the CAO Quality Assurance Program Description (QAPD) records 
management requirements. The QAPD provides quality assurance guidelines for the 
generation of QA records, indexing QA records, classification of QA records, receipt of 
QA records, storage preservation and disposition of QA records and retrieval of QA 
records. 

• •••• 

105. Chapter C, C-6 List of References, Page C-32, Lines 10-12. 

The current revision of the ''Transuranic Waste Characterization Performance 
Demonstration Program Plan" has been replaced by "Performance Demonstration 
Program Plan for the Analysis of Simulated Headspace Gases for the lRU Waste 
Characterization Program" (CA0-95-1076). Revise this entry in the list of references. 

RESPONSE 

The reference to the Transuranic Waste Characterization Performance Demonstration 
Program Plan was deleted, and the references to the specific Performance 
Demonstration Program Plans for headspace and homogeneous and soil/gravel 
sampling were added. 

• •••• 
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COMMENTS: TABLES AND FIGURES 

106. Chapter C, Table C-1, Pages C-33 through C-72. 

Refer to Attachment A for detailed commentary regarding table contents. Also revise 
the table to address the following: 

• Footnote d indicates that reactive, ignitable, or corrosive characteristics were 
previously identified for some Table C-1 waste streams, but these are no longer 
identified with the waste stream. Revise the permit application to address, on a 
unique waste stream (facility specific) basis, why this has occurred. 

• Footnote e indicates that EPA hazardous waste codes were not reported by the 
generator at this time. Is this because generator sites have not completed their 
process knowledge analysis, or because the generator sites did not believe 
hazardous wastes were present? Clarify why the codes were not reported at this 
time. 

RESPONSE 

Refer to Attachment A for detailed responses to Table C-1 comments. 

The generator sites report all materials that comprise a waste stream. However, 
the final form of the waste stream is such that reactive, ignitable, or corrosive 
characteristics are removed. For example, acids are neutralized in cement 
sludges. As stated in Chapter C of the Part B Permit, wastes possessing reactive, 
ignitable, or corrosive characteristics are not permitted at WIPP. Footnoted on 
Table C-1 is simply a reminder that if the waste possesses the above 
characteristics, it will not be accepted at WIPP unless treated to remove these 
characteristics. 

Footnote e does reflect incomplete process knowledge at this time. The content of 
these waste streams will be updated as information becomes available in future 
revisions of the WTWBIR. Table C-1 reflects the most complete information 
available at this time. 

* • • • • 

107. Chapter C, Table C-2, pages C-73 through C-74. 

Several chemicals are listed as not being Hazardous Constituents (20 NMAC 4.1, 
Subpart II, Appendix VIII) when in fact they are. Revise Table C-2 to indicate the 
following chemicals are listed in Appendix VIII: 2-Ethoxyethanol, lsobutanol, 1,2-
Dichloroethane, and 1, 1, 1-Trichloroethane. 
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RESPONSE 

The table has been changed to indicate that the compounds noted are hazardous 
constituents. All other compounds on the table were checked, also. The tables were 
renumbered, and the previous Table C-2 is now Table C-3. 

The application has been modified to include a revision of Table C-2. 

***** 
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108. Chapter C, Table C-3, Page C-75. 

This table indicates that the majority of screening mechanisms to ensure reactive 
wastes are not included in WIPP TRU-mixed waste are based upon process 
knowledge, an goes onto indicate that Appendix C1 shows most of the reactions will 
not occur. However, numerous questions have been raised regarding the contents of 
Appendix C 1, including whether the incompatibilities identified by the comparison 
process are indeed resolved by the indicated methods, particularly when the 
incompatibility assessment indicates that additional test information is required. 
Further, the potential for explosive conditions to develop in the subsurface has not 
been addressed (See General Comment No.2). After addressing text commentary on 
these issues, revise Table C-3 accordingly. 

RESPONSE 

As noted in Appendix C1, all incompatible items must be removed prior to shipment of 
waste to WIPP. Verification of the compatibiJity of the waste materials will be carried 
out by the WIPP Generator/Storage Site Waste Screening and Verification Program. 
The potential for explosive conditions to develop in WIPP panels is restricted to 
methane gas development, which is addressed in the panel closure design. Table C-
3 (which is now Table C-4) has been revised accordingly. 

***** 

109. Chapter C, Table C-4, Pages C-77 through C-79. 

Table C-4 indicates that the purpose of RTR or visual examination is to verify waste 
matrix, but the purpose should also include verification of process knowledge (which is 
not necessarily inherent when verifying waste matrix). Additionally, this table states 
that RTR or visual examination will take place for CH TRU-mixed stored homogenous 
solids and soils and gravel waste, while Figures C-1 and C-2 indicate that all drums of 
retrievably stored waste will undergo RTR. Also, a purpose of headspace gas 
analyses - particularly TIC identification - is to identify hazardous constituents within 
the waste and to use this information to confirm process knowledge. It is also unclear 
whether determining "total quantities" of constituents includes the determination of the 
presence of individual metals, SVOCs, etc. Revise the permit application to address 
these issues. 

RESPONSE 

Radiography will be used to the extent that the nature of the waste form will permit to 
identify items that can support or repute the acceptable knowledge determination for 
the waste stream under examination. Such items as batteries, heavy metal liquids, 
free liquids, aerosol spray cans, and heavy metal objects can be distinguished from 
other matrix materials in many of the waste forms. These items will be identified when 
they are observed by the radiography operators. Radiography training drums with 
these and other items will be used to help operators to learn to identify these items. 
Radiography will be used on 100 % of containers of waste retrieved from storage. A 
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statistical sample of these will be examined visually as a check on the ability of the 
radiography process to identify these items. Any feedback to the radiography process 
from the visual process will be made by the generator site project office in order to 
improve the process. The functioning of the radiography/visual program will be verified 
by WIPP personnel during the performance audits of the generator sites. 

Newly generated waste will receive radiography examination on a sample basis as a 
process verification tool. 

Headspace gas analysis is used to determine the concentration of the volatile target 
analytes that were identified as existing in the waste through acceptable knowledge. 
Any TICs will be managed as specified in Section C-4a. 

Totals analysis will be used instead of TCLP for homogeneous waste forms. Totals 
provide the DOE with the information needed to assure that the waste is acceptable 
for management in the disposal system. 

***** 

110. Chapter C, Tables C-2, C-5 and C-6, Pages C-73, C-74, C-80, C-81 and C-82. 

DOE has listed 33 organic (when counting xylenes and cresols as one each) and nine 
inorganic parameters of interest in Table C-2. Table C-5 presents a summary of 
hazardous waste characterization requirements for TRU mixed waste. Under the 
heading of Headspace Gases, DOE has listed 14 flammable VOCs and seven non
flammable VOCs (a total of 21 constituents). Revise the permit application to explain 
why methylene chloride, trichloroethane, and 1, 1, 1-trichloroethane (listed as 
combustibles by NIOSH) are listed as non-flammable VOCs. Also, revise the permit 
application to explain why 12 of the 33 VOCs and SVOCs listed on Table C-2 as 
parameters of interest were omitted from the Headspace Gases category (i.e., explain 
why headspace gas samples will not be analyzed for all the VOCs/SVOCs listed on 
Table C-2. 

In addition, Table C-5 presents a summary of hazardous waste characterization 
requirements for TRU mixed waste. Under the heading of Total VOCs, DOE has 
listed 25 VOCs and five SVOCs. Revise the permit application to explain why 
isobutanol, 1, 1,2-trichloroethane, and trichloromethane are listed on Table C-2 as 
parameters of interest were omitted from the Total VOCs category. 

Table C-6 presents the headspace target analyte list and methods. This table only 
contains 20 of the 28 VOCs and none of the SVOCs listed on Table C-2. Also, Table 
C-6 is missing trichlorofluoromethane which is listed on Table C-5 as an analyte under 
flammable VOCs under the Headspace Gases category. Revise the permit 
application to explain why the missing constituents were omitted form Table C-6. 
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RESPONSE 

All the tables in Chapter C have been revised to be consistent with the corresponding 
tables in the QAPP and with each other. Table C-5, under the heading of headspace 
gases, was revised to separate the constituents that are alcohols and ketones since 
the separation in methods is due to the alcohols and ketones. The separation of 
flammable and nonflammable is not applicable to the method of analysis, so it was left 
out of this table. 

The application was modified to include new versions of Tables C-2, C-3, C-5, and C-
6. 

***** 

111. Chapter C, Table C-5, Pages C-80 and C-81. 

Table C-5 does not include all of the compounds outlined in Table 1-3 of the QAPP. 
For example, for headspace gases, hydrogen and methane are included for analysis 
in the QAPP, but not the WAP. Several other volatiles, semivolatiles, and metals 
parameters are not consistent with what is presented in the QAPP. 

The list of flammable and nonflammable VOCs of interest between the WAP and 
QAPP are also different. For example, Table 12-2 of the QAPP lists bromoform, 
formaldehyde, hydrazine, and tetrachloroethane as nonflammable voes of interest; 
however, the WAP does not include these compounds. Ensure that the document is 
consistent and that all of the parameters of interest are included in the WAP. 

Additionally, the analytes listed on Table C-5 are not consistent with the tables listed 
in the appendices. For example, the following compounds are listed on Table C6-7 
but are not included in Tables C-2, C-5 or C-8 of the WAP: 

SVOCs: 1,4-dichlorobenzene, 2,4-dinitrophenol, 2,4-dinitrotoluene, 
hexachlorobenzene, hexachloroethane and pentachlorophenol; and 

• Metals: Antimony, nickel, thallium, vanadium and zinc; 

Revise the permit application so that all tables in the appendices, QAPP, and the 
application are consistent. Alternatively, justify these differences. Revise the permit 
application to include one comprehensive analytical parameter list which includes the 
target analytes, method number and the associated QAOs, and ensure that all 
analytical parameters that are necessary to characterize all wastes to be disposed of 
at WIPP are included in the WAP. 

RESPONSE 

Table C-5 has been changed to be consistent with the QAPP. References to 
hydrogen and methane were removed from the application since they are not a 
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hazardous waste management concern. They do not carry any hazardous waste 
codes, so they do not need to be analyzed to meet the requirements of the RCRA. 

The application has been modified to include a revised Table C-5. 

***** 

112. Chapter C, Table C-8, Page C-85. 

The WAP itself does not consistently identify analytical methods. For example, Table 
C-8 lists all of the analytical methods to be used for total metals analysis; however, 
Table C6-9 of Appendix C6 lists more recent versions of these methods. For 
example, Method 6010 is referenced in Table C-8; however, Table C6-9 of lists 
Method 601 QA for the same analysis. Such inconsistencies may not result in 
comparable data among all generators. Revise the permit application to include a 
comprehensive consistent list of all of the methods to be used in the waste 
characterization for disposal at the WIPP facility. 

RESPONSE 

The methods with the alphabetic designator are simply the most recent versions of the 
analytical method. Since SW-846 changes periodically, the tables were changed to 
indicate that the most recent version of the analytical methods specified will be used. 

The application has been modified in Table C-8 to add a footnote indicating that the 
most recent versions of the analytical methods will be used. 

* * * * * 

113. Chapter C, Table C-9, Page C-86 

Table C-9 lists the Phase I waste screening parameters and determination methods. 
However, the Table must be revised to address the following deficiencies: 

The terminology used in Table C-9 is confusing when compared to the terminology 
used in the rest of Chapter C. Define the following terms and provide cross 
references to any and all associated terms: "waste matrix code group" and "waste 
matrix category." 

Table C-9 uses the term "waste categories." Revise the permit application to 
clarify this term because it is unclear whether or not it refers to other terms such 
as "summary category" or ''waste matrix category." Revise the table and entire 
permit application to use correct and consistent terminology. 

Table C-9 references Appendix C1, which presents the compatibility issue. It is 
unclear how this compatibility analysis will be applied to the WIPP wastes and is 
ensured to be implemented. It is also unclear how the eleven final waste forms 
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and/or the four summary categories relate to Table C1-1's ''waste category." See 
specific comments, Appendix C1. 

Table C-9 has been found to be inadequate with respect to waste screening and 
verification issues. There is little correlation between this table and the associated 
text found on pages C-26 through C-28. For example, the text makes note of four 
verification points: 

• Waste characterization data package completeness review and acceptance; 

• Generator site QAPjP audit program providing on-site verification; 

• Waste characterization data meets acceptance criteria to comply with WAP; and 

• Waste Profile Form (WPF) completeness review. 

However, the table does not specifically address these four verification points. Revise 
the table accordingly. 

RESPONSE 

Table C-9 has been deleted. The information contained in this table has been 
included in the various revisions to the Chapter C. Additional information on the audit 
program, the Waste Stream Profile Form review, waste data package review, and the 
WWIS data acceptance edit and limit checks now eliminate the need for this table. 

The text has been modified to delete this table and add more detail in Section C-5a 
on Phase I verification. 

* * • • * 

114. Chapter C, Figures C-1 and C-2, pages C-87 and C-88. 

The 1994 QAPP included a verification step relative to the headspace gas that would 
be conducted to ensure that gas detected 1s consistent with that anticipated via 
process knowledge. However. this important step has been removed from the tables 
included in the Part B permit apphcat1on. and was also removed from the 1995 QAPP. 
Revise the permit application to include this step. 

RESPONSE 

Figures C-1 and C-2 have been revised as logic diagrams to incorporate verification 
steps and what will occur if verification does not support what was previously 
determined. A step for headspace gas analysis verification of acceptable knowledge 
was incorporated. 

The application has been modified to include complete revisions of Figures C-1 and 
C-2. 
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115. Chapter C, Figure C-4, Page C-90. 

Figure C-4 presents the waste profile form. The form is not consistent with the 
information provided in the text and is inadequate for the following reasons: 

• The text states the generator's EPA identification (ID) number will be included on 
the form. However, there is no line provided for the generator's EPA ID number. 
Provide the title and space on the form for the generator's EPA ID number. 

• The technical contact is listed on the form. However, there is no line on the form 
for the technical contact's phone number. Provide the title and space on the form 
for the technical contact's phone number. 

• A space is provided for the original generator's name. However, a space is not 
provided for the original generator's EPA ID number. Provide the title and space 
for the original generator's EPA ID number. 

The form does not address waste characterization issues, such as ignitability, 
corrosivity, reactivity and compatibility. Revise the form to include "Yes" and "No" 
check off boxes for ignitable, corrosive, reactive and compatible wastes. 

• Waste analysis information is not provided. 

RESPONSE 

The Waste Stream Profile Form has been revised as shown in Figure C-4 to provide 
the information requested were included. 

* * * * * 

116. Chapter C, Figure C-5, Page 91. 

Figure C-5 presents the waste shipment screening process. However, the flow 
diagram shown in this figure is not consistent with the information presented in the 
text. Section C-5a Page C-26, Lines 32-34, states the generator site project manager 
determines when the waste stream characterization meets the WAP requirements. 
However, this early determination step must include a decision box and an associated 
discrepancy resolution process in the flow diagram shown in Figure C-5. Revise the 
flow diagram to include this. Also, revise the flow diagram to indicate specifically 
where WAP requirements are deemed to be met. 

Also, the first decision box in the flow diagram regarding waste characterization 
requirements does not allow for an associated discrepancy resolution process. 
Revise the diagram to include this. 

Phase II of the flow diagram shown in Figure C-5 lists four questions implying 
simultaneous resolution. However, in actuality, these questions are not addressed at 
the same time. The question regarding manifest completeness is addressed first in 
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order to sign the manifest and release the driver, as stated in Section C-5b Page C-28 
Lines 16 and 17. Only after that are the next three questions regarding shipment 
completeness, LOR notification completeness and visual examination result 
addressed. Therefore, Figure C-5 must be revised to include two sets of decision 
boxes that each include discrepancy resolution processes. One set must address the 
manifest completeness issue, a discrepancy resolution process and resultant signing 
of the manifest. The other set must address the three remaining issues and a 
discrepancy resolution process. Revise the flow diagram shown in Figure C-5 to 
reflect this. 

After the three remaining issues are addressed and discrepancies are resolved, there 
is no resultant box. The resultant box must state wastes are accepted/approved for 
disposal at WIPP. Revise the permit application accordingly. 

The rejection box shown in Figure C-5 (Phase II) does not state that the waste will be 
shipped back to the generator when the waste is rejected, either in part or whole. 
Revise the rejection box in Figure C-5 to reflect this. 

RESPONSE 

Figure C-5 has been revised (and renumbered as Figure C-6) to reflect the actual 
screening process performed by WIPP. A new figure has been added as Figure C-5 
that summarizes the functions of the three levels of data verification required by the 
QAPP and shows the relationship of these levels of data verification with the Phase I 
and Phase II screening to be performed by WIPP. The new Figure C-6 has been 
revised to include a feedback into the generator site system for wastes that do not 
meet the waste characterization requirements of the QAPP. 

The figure also includes a hazardous waste manifest check at the time that the waste 
is received to allow for timely release of the transporter driver. 

Figure C-6 has also been revised to indicate the discrepancy resolution process 
actions. 
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COMMENTS - CHAPTER C APPENDICES 

APPENDIX C1 

1. Appendix C1, Pages C1-2 through C1-3. 

The permit application provides groupings of constituents that were considered in the 
compatibility assessments. However, comparison of these groups with constituents 
present in listed wastes shown in the Part A shows that not all of the constituents 
comprising wastes upon the Part A are explicitly shown to have been considered in the 
compatibility assessments. Although the presence of some wastes (e.g., cadmium) may 
be assumed within groups shown in this appendix, the appendix must specify this to 
demonstrate that all hazardous waste slated for shipment to WIPP was considered in 
the assessment. Revise Appendix C1 to include compatibility assessments for all 
constituents present within the wastes shown on the Part A. Alternatively, modify 
Appendix C1 to justify these exclusions. 

RESPONSE 

The compatibility analysis has been redone to include all hazardous constituents listed 
in the Part A as well as packaging and fire suppressant materials as described in 
Appendix C1. Table C1-1 has been revised accordingly. 

***** 

2. Appendix C1, Page C1-3, Lines 31-33. 

Revise Appendix C1 to discuss the chemical differences between Brines A and B, used 
in the compatibility assessments, and to state which brine was used in each 
compatibility assessment. 

RESPONSE 

Synthetic Brines A and B were proposed to be used in the WIPP gas generation test 
program to assess the corrosion of metal and the solubility of TRU and hazardous 
elements in the brine. However, Brines A and B have been removed from the 
compatibility analysis because the WIPP gas generation test program has been 
cancelled. 

* * *. * 

3. Appendix C1, Page C1-4, Lines 11-12. 

Appendix C1 states that Purple K and FORAY contain no reactive compounds, but does 
not provide a list of compounds present in these fire suppressants to confirm this 
assertion. Revise Appendix C1 to include this information. 
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RESPONSE 

Purple K extinguishers are placed in underground fuel stations, and not in the waste 
panels. Therefore, the components in Purple K extinguishers will not come into contact 
with the waste. A list of non-reactive compounds present in FORAY fire extinguishers 
has been provided in Appendix C1. Components in Ansulite 6% AFFF extinguishers 
have been added to the compatibility analysis. 

***** 

4. Appendix C1, Page C1-5, Lines 29-31. 

Appendix C1 indicates that the information presented in this appendix applies to the test 
phase. However, additional generator sites shall ship waste to WIPP during the 
disposal phase, and this compatibility assessment must be updated to include these 
wastes. Revise Appendix C1 to include wastes generated from sites other than Rocky 
Flats and INEL that may ship waste, and to include any additional wastes from these 
two sites not included in the compatibility assessment. Alternatively, revise Appendix C1 
to specifically discuss each new waste identified and to state why this waste "fits" into 
previous compatibility assessments. 

RESPONSE 

Appendix C1 has been revised to include all defense generated TRU mixed waste that 
is currently listed in the WTWBIR. 

* * * * * 

5. Appendix C1, Pages C1-97 through C1-110. 

Appendix C1 indicates that for a number of the incompatibilities noted, test program 
activities will be conducted to resolve any compatibility issues. However, test phase 
activities planned for WIPP were cancelled, and it is unclear whether these activities 
were (or will be) carried out under other programs (note that recently, DOE has 
indicated that many of its gas-generation related test programs have been cancelled). 
Revise Appendix C1 to discuss whether test programs are continuing for the referenced 
incompatibilities, the results of these assessments (if available; if not, state how the 
compatibility issue shall be resolved), and any alternative studies conducted to address 
the compatibility issues presented in this portion of Appendix C1. 

RESPONSE 

Incompatibilities identified in Appendix C1 will be removed from the inventory to be 
shipped to WIPP and/or treated to remove the incompatible nature of the constituents. 
This work will be implemented and verified by the WIPP Generator/Storage Site Waste 
Screening and Acceptance Audit Program (Appendix C11 ). 

***** 
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APPENDIX C2 

1. The detailed data table presented in Appendix C-2 and subsequently, the summary data 
table include results from all of the eleven final waste forms except one, which is the 
soils. Include results from the soils' waste type in the detailed and summary data 
tables. 

RESPONSE 

No headspace gas data have been collected on drums from the "Soils" waste matrix 
code group. The data cannot be added at this time since it is not available; however, 
the soils comprise less than one percent of the entire projected inventory, and their 
contribution to the calculated averages is insignificant. This clarification has been added 
to the text. 

***** 

2. The summary data table includes ethane, methane and propane, but the detailed data 
table does not. Provide the results for ethane, methane and propane in the detailed 
data table which were used to generate the summary data table. · 

RESPONSE 

Ethane, methane, propane, and hydrogen were removed from Table C2-1 as they are 
not hazardous waste constituents and are not included in the risk assessment 
calculations in Appendix 09. 

***** 

3. Several constituents listed in the summary and detailed data tables are not listed in 
Tables C-5 and C-6. These constituents include: 1, 1,2,2-tetrachloroethane; 1, 1-
dichloroethane; 1,2,4-trimethylbenzene; 1,3,5-trimethylbenzene; bromoform; (cis)-1,2-
dichloroethylene; and cyclohexane. Provide justification for including these constituents 
in Appendix C2's tables, but not in Tables C-5 and C-6. 

RESPONSE 

Tables C-5 and C-6 have been modified to be consistent with the QAPP. They now 
include the noted compounds. 

The application was modified to include revised versions of Tables C-5 and C-6. 

* * * * * 

4. Furthermore, Appendix C2, Page C2-1, Lines 4 and 5 state the results are from RFETS 
and INEL, and are not from any of the other generator sites. Clarify whether results 
from all other generator sites intending to ship waste to WIPP are available. 
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RESPONSE 

The INEL and RFETS are the only generator sites that have collected headspace gas 
data under approved QAPjPs. The other generator sites must submit their headspace 
data to the WIPP for approval per the WAC before the waste can be accepted. WAC 
VOC headspace concentration limits have been established (Table C-5 of Chapter C) to 
ensure that acceptable chronic exposure levels are not exceeded. 

The application has not been modified in response to this comment. 

***** 

5. Table C2-1 presents weighted average concentrations of headspace gas, but the 
document does not describe, specifically, how these values are calculated relative to the 
data included in Appendix C2 and the entire waste inventory intended for disposal at 
WIPP. That is, how specific non-detects, qualified values, etc. are managed relative to 
these calculations are not included. Revise the permit application to include a 
discussion regarding how these values were calculated. Also include, upon this table, 
maximum, minimum, and median values. 

RESPONSE 

The methodology for calculating the weighted averages has been added to the 
beginning of the appendix. In addition, a table of maximum, minimum, and median 
values of each constituent, by Waste Matrix Code Group, has been added (Table C2-3). 

The application has been modified to include this explanation. 

* * * • * 

6. Revise Appendix C2 to include a table which presents the weighted average, maximum, 
minimum, and median values for each constituent relative to waste matrix code group. 
Indicate, also, which waste summary group these matrix code groups are included 
within. Also indicate the hazardous waste code for the waste matrix code group; 
alternatively, indicate whether different hazardous waste codes apply to different site
specific drums within each waste matrix code group. 

RESPONSE 

The requested table has been added as Table C2-3. A cross-correlation table (Table C-
1) has been added to Chapter C to note all waste identifiers associated with the Waste 
Matrix Code Group. A single Waste Matrix Code Group is comprised of many waste 
streams from several generator sites. Each waste stream will carry a specific set of 
EPA hazardous waste codes. 

The application has been modified to include the cross-correlation table as Table C2-4. 

* * * * * 
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7. Revise this appendix to include an explanation of the multiple decimal points included in 
some data reported. 

RESPONSE 

The application has been modified to remove multiple decimal points in Table C2-4. 

***** 

8. Data presented on these tables often indicate exceptionally high values of all 
constituents for a given drum analyzed, but these values were sometimes accompanied 
by a "U" designator, indicating that the analyte was undetected and was reported at the 
MDL. Explain the origin of these values (e.g., interference). Also explain why some 
values are accompanied by the designator "a" which indicates the result is an average 
of more than one result, while other data are apparently single sample values. Also 
explain why, when an analyte exceeded the calibration range, sample dilution was not 
performed. 

RESPONSE 

An explanation of what the different data flags mean is included at the end of Appendix 
C-2. A discussion on how the Method Detection Limit and the U value are calculated 
has been added. When an analyte is undetected, it is reported at one-half of the MDL. 
The theory behind this is that since the instrumentation is only calibrated to a certain 
range, it cannot be supported that a quantity below this value is present. The average 
"a" designator is used when one drum is sampled multiple times. To be able to report 
the quantity of the hazardous constituents in the drum, an average of the sample results 
was calculated. Sample dilutions were performed when an analyte exceeded the 
calibration range. In these cases, the other analytes may not be detected in the dilution. 
For undetected constituents in dilutions, the reported quantity will be higher since the 
MDL raises for dilutions. 

The application has been modified to include the calculations. 

* * * * * 
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APPENDIXC3 

No commentary necessary. 

APPENDIXC4 

GENERAL COMMENTS 

1. In general, the information describing the equipment maintenance and calibration should 
contain more standardized information. The text generally states that requirements are 
based on manufacturer's recommendations; however, this is insufficient to ensure 
consistency between generator sites. 

RESPONSE 

Sections have been added (C4-1c, C4-1d, C4-2c, and C4-2d) to the text to describe the 
equipment maintenance and calibration. These sections were extracted directly from the 
QAPP. 

***** 

2. The WAP must be revised to include the numbers and types of sampling containers. If 
this information is included in the QAPP, then provide a specific reference to where it may 
be found. 

RESPONSE 

The tables from the QAPP that show sampling container sizes, type, and holding times 
have been added to the appendix as Tables C4-3 and C4-4. 

* * * * * 

3. Although the 1995 QAPP discusses the maintenance of field sampling equipment and 
sample preservation and storage techniques, this information has not been included in the 
WAP or referenced to the QAPP. Revise the permit application to include such 
information. 

RESPONSE 

The information regarding maintenance of field sampling equipment, and sampling 
preservation and storage has been extracted from the QAPP and added to the appendix. 

* * * * * 
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4. Revise the WAP to include proper packing and shipping procedures. 

RESPONSE 

A section has been added (Section C4-5) to discuss packing and shipping of sample 
containers. 

SPECIFIC COMMENTS 

1. Appendix C-4, Section C4-1 Headspace-Gas Sampling, Sampling Heads, 
Page C4-6, Line 1 O. 

Revise the permit application to provide procedures to prevent outside air from entering 
the drums. 

RESPONSE 

The QAPP requirement for the prevention of outside air entering the drum during 
headspace sampling is that the seal between the drum lid and the sampling head must be 
"designed to minimize intrusion of ambient air." The procedure for punching the drum is 
described in the Methods Manual, as noted in the text. A specific reference to the 
Methods Manual procedure has been added to the text. 

The application has not been modified in response to this comment. 

* * * * * 

2. Appendix C-4, Section C4-1 Headspace-Gas Sampling, Sampling Heads, 
Page C4-7, Lines 1-3. 

Revise the permit application to define what flow of QC gases is considered to be 
"excess." 

RESPONSE 

The "excess flow of QC gases· is defined in the Methods Manual as 1 Umin. This is the 
flow that is used to purge the system for three minutes. Since this section of the text is 
listing the equipment needed for the sampling procedure, it is not appropriate to provide 
this detail of information. 

The application has been modified to insert "(for system purge)" after "excess flow of QC 
gases". 

* * * * * 
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3. Appendix C-4, Section C4-1 Headspace-Gas Sampling, Sampling Heads, 
Page C4-7, Lines 9-14. 

If the 208-liter poly bag is tom or breached, clarify whether there is an alternative 
headspace gas sampling location relative to the deteriorated areas (e.g., next to the tear, 
opposite side of the poly bag, etc.). Also, discussion of headspace gas volume estimation 
should be included. Revise the permit application to address these issues. 

RESPONSE 

The following statement has been inserted on page C4-7: If the bag is breached or tom, 
the sampler will document the condition of the bag but collect the sample using the same 
procedure as if the bag were not breached. The determination as to the applicability of 
the sample will be made during review and validation of sampling documentation and will 
not be a decision of the sampling technician. 

***** 

4. Appendix C-4, Section C4-1 Headspace-Gas Sampling, Sampling Heads, Page C4-8, 
Lines 1-3. 

The text states that the "Site SOPs must address how information is to be documented 
when the estimated available headspace volume is less than 1 L." It is unclear how 
consistency among the various generator sites will be established if each site SOPs 
address these issues differently. Revise the appendix to provide information on the 
documentation procedures each generator should adhere to ensure consistency. 

RESPONSE 

Site SOPs will dictate how the site documents that the headspace volume is less than 1 
liter, not if the site will document that the headspace is less than 1 liter. Consistency 
among the generator sites is ensured by requiring the sites to document this information; 
however the exact procedure for doing so need not be standardized. 

The application has not been modified in response to this comment. 

* * * * * 

5. Appendix C-4, Section C4-2 Sampling of Homogenous Solids and Soil/Gravel, Page 
C4-11, Lines 20-38. 

The text does not clearly indicate the number of the samples that will be taken, as well as 
the sample size. Revise the permit application to address this concern. 

RESPONSE 

Table 6-2 from the QAPP specifies the number of samples and the sample size. This 
table was added to the appendix as Table C4-4. 
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6. Appendix C-4, Section C4-2 Sampling of Homogenous Solids and Soil/Gravel, Page 
C4-10, Lines 8-23. 

The Appendix indicates that the coring device sleeve material must be of a rigid material 
that is "unlikely to affect the composition and/or concentrations of target analytes in the 
sample core." Revise the permit application to provide a list of acceptable sleeve 
materials within the document, including references for these assessments and how these 
determinations will be made prior to any sampling of the waste. It is presumed that the 
sleeve length will be determined by examination of radiographic information. 

RESPONSE 

Since the sites are required to document that the material chosen will not affect the 
analysis results, it is not necessary to provide this information. 

The application has not been modified in response to this comment. 

***** 

7. Appendix C-4, Section C4-2 Sampling of Homogenous Solids and Soil/Gravel, Page 
C4-12, Lines 4-7. 

Revise the permit application to define what constitutes a "representative subsection" of 
the core as it pertains to samples collected for analyses of semi-VOCs, PCBs, and 
metals. 

RESPONSE 

Representativeness of subsections are ensured by rando'Tlly selecting a location along 
the core. 

The application has been modified to include this explanation. 

* * • * • 

8. Appendix C-4, Section C4-2 Sampling of Homogenous Solids and Soil/Gravel, Page 
C4-12, Lines 22-35. 

Clarify whether the collocated core methodology is a duplicate sample collection 
methodology intended to collect samples from almost the same location within the drum. 
Page C4-12 of the text states that "if the visual examination detects inconsistencies in the 
waste at the sample location then another sample location may be randomly selected," 
but the appendix does not indicate what kind of inconsistencies may be observed for 
homogenous solids. Revise the permit application to address these concerns. 
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RESPONSE 

The co-located core methodology is intended to collect samples from approximately the 
same location within the drum. The inconsistencies referred to are in color, texture, or 
material type. 

The application has been modified to include these explanations. 

9. Appendix C-4, C4-4 Radiography, Section C4-4a Methods Requirements, 
Page C4-18, Lines 5-20. 

The permit application indicates that standardization of procedures relative to radiography 
and operator qualification is a "must," but detail regarding implementation if this 
standardization is lacking. Revise the permit application to address this concern. 

Also, revise the permit application to clarify how variations in radiographic technologies 
could potentially impact data quality and comparability. Also, include the permit 
application revision clarification regarding whether the operator will identify the 
nature/form of material parameters, which could impact additional testing (e.g., the 
presence of inner bags requiring sampling). 

RESPONSE 

A list of required elements of a generator site radiography training program has been 
included in Section C4-3b. The requirements will ensure that the radiography operators, 
between the generator sites, will receive the same basic training. The site specific 
training will include identification of waste forms. packaging materials and commonly 
encountered prohibited items. A list of items that must be included in a test drum has 
also been provided in Section C4-3b. 

* * * * * 

1 O. Appendix C-4, C4-4 Radiography, Section C4-4a Methods Requirements, Page C4-
18, Lines 22-29. 

Revise the permit application to clarify whether an independent drum replicate will be 
collected, and by whom (ensure that rt rs personnel other than that who performed the 
first examination). 

RESPONSE 

When referring to replicate scans. the same drum will be used. A different operator will 
examine the drum by RTR to see if they reach the same conclusion about summary 
category and waste material parameters. 

The application has been modified to include an explanation of this concept. 
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11. Appendix C-4, C4-4 Radiography, Section C4-4a Methods Requirements, Page C4-
19, Lines 1-2. 

Revise the permit application to indicate who will develop and implement the RTR 
training program. Ensure that the program is consistent among all of the generator 
sites. 

RESPONSE 

Section C4-3b was revised to discuss the requirements for radiography training. An 
outline of the minimum requirements for the generator site training program is 
presented. This outline was established from the requirements of NQA-1. The 
individual generator sites will establish and implement their own site specific program. 
The minimum requirements will ensure consistency among the generator sites. 

***** 

12. Appendix C-4, C4-4 Radiography, Section C4-4a Methods Requirements, Page C4-
19, Lines 36-40. 

Revise the permit application to clarify how a visual examination expert is trained. 
Discuss the programmatic objectives that govern whether a visual examination expert 
determines the extent to which waste segregation should be performed. The criteria 
used for this methodology must be standard and consistent for all generator sites. 

RESPONSE 

The visual examination expert will require training of the applicable regulations, the site's 
waste streams and typical waste forms, and the WAC excluded items. This explanation 
has been added to the text of this appendix in Section C4-3b. This expert cannot be 
trained, but has to have acquired knowledge through experience. The expert is the 
person who holds the responsibility for the visual examination program. 

Minimum requirements for a visual examination training program have been added to 
Section C4-3b. The types and elements of training that are required are specified. 

* * * * * 

APPENDIX CS 

1. The summary category numbers are listed in "Summary Category" column. However, the 
summary category names are not provided. Revise Appendix C5 to include the summary 
category names. 

RESPONSE 

Table C5 has been revised to include the Summary Category Group title. 
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2. Various RTR codes are listed in the "Applicable RTR Codes" column. Code B pertains to 
waste form identification, and code C pertains to waste matrix parameter. However, no 
details are provided regarding the waste form identifications and waste matrix parameters. 
Revise Appendix CS to include a listing of all the possible waste form identifiers and waste 
matrix parameters, and a cross-reference between them and the four summary categories 
and 11 final waste forms. 

RESPONSE 

This table was meant to be a summary table that illustrates the capabilities of RTR. It is 
organized by the waste forms which are represented by the first column ("Waste Category" 
column). RTR will be used to confirm that the waste forms have been correctly identified. 
Table C-1 of Chapter C has been established as a cross-correlation table between the 
Summary Category Groups, the Waste Matrix Code Groups, and the other waste identifiers. 

***** 

3. RTR codes D, E and F pertain to the verification of the absence of free liquids. However, 
a D, E or F designation is not included for 54000 (Soils/Gravel Waste) and S7000 (Special 
Wastes). Revise Appendix CS to provide justification for not performing a free liquids 
examination on all wastes. In those cases where free liquids examination cannot occur, 
provide assurance through adequate documentation that free liquids will not be present and 
that it does not compromise the validity of the waste characterization. 

RESPONSE 

RTR will be used to the extent possible on 100 % of the waste retrieved from storage, 
including the soils/gravel waste. Free liquid in the wastes is not expected to be confined to 
inner containers, but will be distributed throughout the container to one degree or another. 
If the liquid is present in the waste, and if it has separated from the soil/gravel portion of the 
waste, it can be detected by RTR if wave motion is observed. Newly generated waste will be 
packaged to meet the free liquid restrictions, and will be certified and documented as such. 
The E code was added to the Soils/Gravel Summary Category Group to indicate that the 
drum will be checked for free liquids around the perimeter of the container (between 
drum/liner, liner/poly bay, and poly bag/waste). The entire drum will not be checked 
throughout the volume of the waste because the density of the waste may make RTR 
examination impossible. The G code has been added to the Soils/Gravel waste form and 
the "G" code note has been modified to indicate that the density of the waste may negate 
the RTR examination of the entire container. 

***** 

4. RTR code G indicates RTR examination is sometimes negated. Revise Appendix CS to 
provide justification for the negation of RTR examination. In those cases where RTR 
examination is negated, provide assurance through adequate documentation that it does not 
compromise the validity of the waste characterization. 
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RESPONSE 

The note has been revised to indicate that the density of the waste may negate RTR 
examination of the entire container. For those containers where RTR cannot completely 
identify the contents of a waste container, such as large heavy metals, shielding materials, 
etc., other characterization, such as totals analysis for solidified homogeneous waste forms 
and/or visual examination on a statistical sampling basis, will be used to the extent possible 
to supplement or replace the RTR examination. Wastes for which RTR is not applicable, and 
which cannot be supplemented by acceptable knowledge and/or other characterization 
methods, will not be accepted at WIPP. 

***** 

5. RTR code H pertains to the use of process knowledge. Code H is noted for S3000 
(Homogeneous Solids) Inorganic Waste Water Treatment Sludge (second listing on page C5-
1) and Solidified Liquid (second listing on page C5-2). Code H is not noted for S5000 
(Debris Waste) and S7000 (Special Waste). These notations and lack of notations are not 
consistent with Chapter C. Revise Appendix C5 to provide justification for these notations 
and lack of notations. In those cases where process knowledge is used, provide assurance 
through adequate documentation that it does not compromise the validity of the waste 
characterization. 

RESPONSE 

The nature of most of the waste stream generation processes for preparation of the 
cemented sludges from inorganic waste water precludes the entry of prohibited items in the 
final waste containers. Therefore the "H" code is appropriate. For this case, it is known that 
prohibited items will not be present and an RTR scan will not be necessary. Unfortunately, 
the same assurances are not applicable to debris waste so RTR must be conducted to verify 
the absence of all prohibited materials. RTR and acceptable knowledge of the particular 
debris waste stream will provide confidence for many other waste streams. Newly generated 
waste streams will be documented as to the exact contents of each container and the 
required certifications include a visual verification of the waste contents at the time of 
packaging. 

No changes have been made to the table in response to this comment. 

* • • * * 
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APPENDIX C6 

1. Appendix C6, Section C6-1, Page C6-1, Lines 16-33, Page C6-2, Lines 1-27. 

For the precision, accuracy, completeness, comparability and representativeness information 
provided in Appendix CS, revise the permit application to discuss the kind of corrective 
actions that may be implemented if these parameters exceed the stated QC limits for each 
of the analyses. 

RESPONSE 

A section has been added to the appendix (Section CB-9) addressing corrective actions. 
With the addition of other appendices, this appendix was renumbered to be Appendix CB. 
Corrective actions for analytical methods involve recalibration of the instruments being used. 
If a instrument recalibration does not correct the problem, instrument maintenance may be 
required. 

The application has been modified to include a section on corrective actions in Appendix CB. 

***** 

2. Appendix C6, Section C6-2, Page C6-2, Lines 40-47. 

Revise the permit application to provide the precision QC limit for homogenous solids and 
soil/gravel. 

RESPONSE 

The recommended method for establishing acceptance criteria for co-located cores is 
development of control charts for the relative percent difference (RPO) in the cores. Control 
charts will be developed for each constituent and for each waste matrix or waste type (e.g., 
pyrochemical salts or organic sludges}, as needed, using historical analysis results. The 
historical analysis results currently do not exist, but would be collected over the course of 
future waste characterization activities. RPOs for at least 25 to 30 pairs of co-located cores 
would be used in the construction of the control charts. The limits for the control chart will 
be three standard deviations above or below the average RPO. Once constructed, RPOs for 
additional co-located pairs will be compared with the control chart to determine whether or 
not the co-located cores are acceptable. Periodically, the control charts will be updated 
using all available data. 

In order to establish acceptance criteria to be used at the beginning of waste characterization 
activities, the variance between co-located cores will be compared to the variance measured 
within the waste stream (exclusive of containers with co-located core measurement) using 
a statistical test. The test will be performed for each constituent in each waste stream. The 
test is not considered sensitive and is presented as an interim method until the preferred 
method of control charting is established. Because of the expected difference between the 
co-located core variance and the waste stream variance, the test will rarely reject the 
hypothesis that the co-located core variance is less than the waste stream variance. 

BB 



However, without sufficient data to develop control charts and without established acceptance 
criteria for field duplicates (i.e., as specified by SW-846), the interim method is a reasonable 
approach for evaluating co-located cores. 

The statistical test will involve calculating the variance for co-located cores by pooling the 
variances computed for each pair of co-located cores. The variance for the waste stream 
will be computed excluding any data from drums with co-located cores, because the test 
requires the variance estimates to be independent. All data must be transformed to normality 
prior to computing variances and performing the test. The test hypothesis is evaluated using 
the F distribution and the method for testing the difference in variances. The method will be 
replaced with the control charting method once sufficient data are available. 

3. Appendix CS, Section C6-2, Page C6-3, Lines 11-13. 

Revise the permit application to provide more detail and to discuss how comparability will be 
measured. The document simply states that "consistent use and application of uniform 
procedures, sampling equipment, and measurement units will ensure that operations are 
comparable." Discuss how this will be verified and achieved. 

RESPONSE 

The results of analyses done on the samples collected using a specified sample procedure 
will be used to verify comparability of sampling activities. Field duplicates, samples taken 
of the same medium, at the same time, using the same sample method, should give the 
same analysis results. 

The application has been modified to clarify this technique. 

***** 

4. Appendix C6, Section C6-3, Page C6-6, Lines 5-35. 

Revise the permit application to demonstrate how the minimum detectable concentration will 
be practically achieved. Also, provide additional clarification as to the assumptions made for 
the listed equations. 

RESPONSE 

This section of the appendix addresses nondestructive assay. All references to 
nondestructive assay have been removed from the text, as this technique is not applicable 
to the Waste Analysis Plan. 

The application has been modified to delete all references to nondestructive assay. 

* * * * * 
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5. Appendix C6, Section C6-3, Page C6-6, Lines 39-41. 

Revise the application to clarify how the expert panel that is to determine total uncertainty 
will be selected. Also, include the criteria for determining uncertainty (so that it is applied in 
a standard manner to all generator sites). Finally, clarify how an uncertainty determined by 
an expert panel (which will be more qualitative than quantitative) will be determined to the 
90% confidence level. Revise the permit application to address these concerns. 

RESPONSE 

This section of the appendix addresses nondestructive assay. All references to 
nondestructive assay have been removed from the text, as this technique is not applicable 
to the Waste Analysis Plan. 

The application has been modified to delete all references to nondestructive assay. 

***** 

6. Appendix C6, Section C6-5, Page C6-8, Lines 34-39. 

Revise the permit application to indicate whether sedimenVsoil and wastes samples are 
screened prior to analysis. If this is intended, clarify this within the application and reference 
the appropriate SW-846 methods (3810 headspace or 3820 hexadecane extraction and 
screening). 

RESPONSE 

The comment is not completely understood. If this is referring to screening before dilution, 
the decision is made by the analyst. Both methods 3810 and 3820 are screening procedures 
for GC/MS analysis. The screening is done to ensure that the sample dilution is within the 
calibration range of the GC/MS. If the analyst chooses to not screen the sample it is his/her 
prerogative. 

The application has not been modified in response to this comment. 

* * * * * 

7. Appendix C6, Table C6-8, Page C6-23: 

The specific sample for which the accuracy measurement applies should be defined. For 
example, indicate whether the accuracy limits are for matrix spike or the laboratory control 
samples. Additional QA/QC are also associated with ICP and AA analyses, but these are 
not shown on Table C6-8. Revise the table/text to include such information, as well as the 
associated recovery limits. 

RESPONSE 
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The text clarifies that the accuracy is determined by using the laboratory control sample, the 
matrix spike and the matrix spike duplicate. The footnote in Table C8-8 has been changed 
to be consistent with this statement. 

The application has been modified to make Table C8-8 consistent with the text. 

***** 

APPENDIX C7 

No commentary necessary. 

APPENDIX CS 

1. Appendix CS, Page CS-1, Lines 11 and 12. 

Appendix ca introduces a standard operating procedure for conducting audits, and the 
procedure is mentioned several other times in the Appendix. However, the procedure is 
never provided. Revise the permit application to include this procedure. 

RESPONSE 

This section has been revised to include more detail of the actual audit process. The audit 
procedure will be available at the WIPP facility for review. 

* * * * * 

2. Appendix CS, Page CS-1, Lines 14 and 15. 

This appendix states that the audit checklists will be customized for each generator. This 
"customization" creates great opportunity for inconsistencies among audits as a result of the 
subjectiveness of the audit checklist preparer. One master audit checklist should be used 
for all generators to keep the audit process consistent and objective. It is understood not all 
sections of the audit checklist will apply to all generators. In that case, a "not applicable" 
response is appropriate. Prepare a master audit checklist and include it in the permit 
application. 

RESPONSE 

DOE has developed a standard checklist that has been used to perform WAC Certification 
and Waste Characterization Audits. This checklist is used to prepare the individual checklists 
for other audits that are specific to the scope of the particular audit and to the organization 
being audited. The checklists are designed to determine in detail how the approved QAPjPs 
are being implemented at the generator sites. 
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The text has been revised to indicate that the checklists are tailored to a particular site and 
audit, and thatthe subject matter being audited (Certification Plans, Q/A Plans, QAPjPs, etc.) 
dictates the amount of consistency required from one site to another. A master audit 
checklist has not been developed at this time. The checklist provided is an example of some 
of the topics that will be covered by the master audit checklist. 

***** 

3. Appendix CS, Page CS-1, Line 2S. 

Appendix ca presents a managerial position and several associated responsibilities. 
However, the commensurate authority and accountability are never noted, along with the 
responsibilities. Revise the permit application to include authority and accountability 
commensurate to the responsibilities given. 

RESPONSE 

Appendix ca has been revised to indicate additional tasks routinely performed by auditors 
and to include corrective action measures implemented by the DOE/ CAO procedures that 
control the assignment of audit responsibility, the selection of the audit team, the duties of 
the audit team leader, and the duties of the auditors. The responsibility for the overall audit 
program resides with the DOE/CAO Quality Assurance Manager, who will work with the 
Team Leader for the National TRU Program and the Compliance Manager of the CAO to 
schedule and conduct the audits. The DOE/CAO Q/A Manager will assign an audit team 
leader who has the responsibility and the authority to conduct the audit. The audit team 
leader assigns the various audit areas to qualified auditors according to their expertise. 
Qualified auditors with expertise in the RCRA requirements will be provided by the WID 
Environmental Compliance and Support manager to audit the RCRA characterization data 
generated by the generator site being audited. The sites are responsible to accommodate 
the audit process and to respond to the audit team leader for any corrective actions. The 
audit team leader has the authority to accept or reject the corrective action responses, and 
will coordinate the resolution with the appropriate auditor. 

The appendix has been modified to assign responsibility to specific job descriptions. 

* * *. * 

4. Appendix CS, Page CS-3, Lines 4 and 5. 

Appendix ca states that audits will be conducted at least annually for each generator, with 
both announced and unannounced audits. However, it is not mentioned if initial start-up 
audits will be conducted at each generator. Also, it is unclear if both announced and 
unannounced audits will be conducted at least annually, or if just one or the other will be 
conducted at least annually. Revise the permit application to clarify these points regarding 
initial start-up, announced and unannounced audits. 
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RESPONSE 

The Chapter C text and Appendix C11 text have been revised to indicate that an initial audit 
will be performed at each generator site prior to any waste shipments to WIPP. Thereafter, 
audits will be performed at least annually with the possibility of unannounced audits by WIPP 
at any time after the initial audit. 

Text revisions to indicate that initial audit will be performed have been added to the 
appendix. 

5. Appendix CS, Page CS-3, Line 32. 

This appendix states that the generator will be requested to respond to the audit report within 
30 days. The generator should not be requested to respond; they must be required to 
respond. Revise the permit application to state the generator will be required to respond, 
and provide a mechanism by which this response is ensured to occur. 

RESPONSE 

The text in Appendix C11 has been revised to state that the sites must respond to the audit 
report within 30 days. 

6. Appendix CS, Page CS-3, Lines 32-34. 

This appendix states that the generator will respond and provide corrective action 
information. Revise the permit application to include a detailed discussion of what will 
happen if the generator does not respond at all to the audit report findings. 

RESPONSE 

The text has been revised to indicate that if the generator site fails to implement the 
corrective action(s) they will lose certification authority and the ability to ship waste to WIPP. 

* * * * * 

7. Appendix CS, Page CS-3, Line 35; and Page CS-4, Lines 1 and 2. 

Appendix CB states subsequent audits will determine if corrective actions were satisfactorily 
implemented. Revise the permit application to include a discussion regarding the 
consequences if the generator does not satisfactorily implement corrective actions. 

RESPONSE 

The text has been revised to indicate that if the generator site fails to implement the 
corrective action(s) they will lose certification authority and the ability to ship waste to WIPP. 

* * * * * 
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8. Appendix CB, Page CB-4, Lines 1 and 2. 

Appendix ca states that the audit events will be tracked and issued to the DOE and site 
management. Revise the permit application to include a detailed discussion of the tracking 
system (e.g., what items will be tracked, how they will be tracked). Include a copy of the 
tracking report which will be issued. Specify who the report will be issued to at the WIPP 
facility and the off-site generators, as the terms "DOE" and "site management" could refer 
to WIPP or the generator. Provide a discussion of what will happen ifthe information tracked 
for a generator indicates unsatisfactory performance, either on a one-time or recurring basis 
(e.g., written reprimands, written warnings, suspension from shipping wastes to WIPP, 
expulsion from the WIPP waste shipment program, WIPP representative with the 
responsibility, authority and accountability for these items). Additionally, revise the permit 
application to define the criteria to determine satisfactory and unsatisfactor"Y performance. 

RESPONSE 

The text has been revised to indicate that the WIPP Systematic Tracking and Action 
Reporting (STAR) system will be used to track audit CARS to closure. The text has been 
revised to indicate that the trending will be used to inform other DOE generator sites of the 
lessons learned and of recurring problems discovered at different generator sites. Poor 
performance at a particular site will be cause for additional audits, possible loss of 
certification authority, and the authorization to ship waste to WIPP. 

The text has been revised to indicate that trending will be used and reports will be issued as 
needed to advise other sites of recurring problems encountered at other generator sites. 

***** 

9. Appendix CS, Page CS-4, Line 4. 

Appendix ca states that the audit records will be maintained in the WIPP operating record 
until closure of the facility. However, this statement is inconsistent with Appendix Ca, Page 
Ca-1, Lines 23-26 which state that the records will be maintained at WIPP in the operating 
record for at least three years before being transferred to the WIPP Permanent Records 
System for permanent storage. Revise the permit application to clarify this inconsistency. 
Also clarify how records relevant to RCRA will be segregated to comply with operating record 
requirements in 20 NMAC 4.1 Subpart V. 264.73(b)(3). 

RESPONSE 

The text has been revised to indicate that the operating records will be controlled by formal 
RIDS and maintained at the WIPP facility for three years and then sent to Project Record 
Services for storage. 

* * • • * 

94 



10. Appendix CS, Table CS-1. 

This appendix presents an example audit checklist. However, this checklist is inadequate. 
The checklist must include the following, at a minimum: auditors' names; auditors' 
signatures; type of audit (e.g., initial, announced, unannounced); names of the generator 
personnel interviewed; notation of the sections for which the generator personnel were 
interviewed; and the version of the QAPP used in conjunction with the audit. Revise the 
checklist to include these items. 

RESPONSE 

The example checklist in Appendix CB has been revised to provide a signature for each 
auditor. The type of the audit and the document requirements being audited (Certification 
Plan, QAPP, and/or TRAMP AC) are included in the audit planning documentation and also 
in the final audit report and need not be included on each audit checklist. The checklist 
documents the objective evidence observed at the audit and indicates how the 
requirements covered under the audit scope have been met. The checklist becomes part 
of the records associated with each audit and is filed along with the final audit report. 

The example checklist in the appendix has been revised to provide the auditor names and 
signatures. 

* * * * * 

11. Appendix CS, Table CS-1. 

This audit checklist is incomplete. To illustrate, the checklist asks if documentation exists 
but does not inquire if the documentation is adequate. Al~o. the checklist asks if personnel 
qualifications are current, but does not provide a list of the qualifications; the checklist also 
asks if an activity has been conducted, but does not inquire if the activity has been 
conducted satisfactorily. Additionally, the checklist asks if measures have been taken, but 
does not provide a listing of the measures taken. Revise the checklist to address all audit 
areas more thoroughly. 

RESPONSE 

Personnel qualifications are checked against the pre-approved training program that is 
established by the QAPjP, Certification Plan, TRAMPAC, etc. A basic part of each audit 
is the evaluation of the procedures that implement the program being audited. This would 
include a check that all of the measures needed to implement the program have been 
instituted, such as document control, records management, calibration and instrument 
control, etc. 

Additional items have been added to the checklist to provide more of the detail actually 
examined during the audits. 
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12. Appendix CS Table CS-1. 

This checklist does not include "Section C" in the Quality Assurance Objectives portion. 
Correct the checklist with respect to inclusion of Section C. 

RESPONSE 

The section lettering has been revised to remove the inadvertent error. 
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ATTACHMENT A 

Inconsistencies and Detailed Comments 
Table C-1 

I. Waste Stream Classificationr'Process Knowledge Issues" 

Table C-1, ''TRU Mixed Waste characterization Information," (pages C-33 through C-72) 
provided wastestream descriptions; EPA Hazardous Waste Codes; and wastestream names, 
unique identifiers, and Final Waste Form Groups by Summary Category Groups. An 
evaluation of the information presented in Table C-1 and subsequent comparison with the 
information on waste classification and generation rates presented in Table 4-7, 
"Identification/Classification of CH TRU Waste Streams to be Disposed of at the WIPP 
Facility," (WIPP No-Migration Variance Petition [WIPP NMVP, pages4-15 through 4-87) and 
Table 4-8, "Identification/Classification of RH TRU Waste Streams to be Disposed of at the 
WIPP Facility" (WIPP NMVP, V.1, pages 4-88 through 4-95) revealed numerous 
inconsistencies and discrepancies. The following questions are examples of incomplete or 
misleading information presented in Tables C-1, 4-7, and 4-8. 

(1) Table C-1 does not provide waste descriptions for the following waste streams 
identified on Table 4-7 of the NMVP: 

AE-W038 - Solidified lnorganics 
AE-W039 - Solidified Organics 
AE-W040 - Solidified Inorganic 
AE-W041 - Lead/Cadmium Metal Waste 
AE-W042 - Lead/Cadmium Metal Waste 
MU-W002 - Heterogeneous Waste 

Waste descriptions (along with the other information listed in Table C-1) must be 
provided for these waste streams. 

RESPONSE 

AE and MU waste streams identified by NMED in Table 4-7 of NMVP are non-defense 
waste streams, and they will not be shipped to WIPP. These waste streams should be 
removed from Table 4-7 of the NMVP. 

* * * * * 

(2) Table C-1 indicates thatwastestream KA-W016 has not yet been generated; however, 
Table 4-8 of the NMVP reports that 1.1 E+1 cubic meters are currently stored. 

RESPONSE 

Wastestream KA-W016 is non-defense TRU waste. Therefore, this wastestream has been 
removed from Table C-1, and it should be removed from Table 4-7 in the NMVP. 
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(3) Table C-1 lists wastestream IN-W157 as a Solidified Process Residue within the 
Solidified lnorganics Final Waste Form Group under the Homogeneous Solids -
S3000 Summary Category Group Description. The waste description is as follows: 

''This waste comes form the Rocky Flats Plant (RFP). It contains alcohols and 
organic acids such as ethylene diamine tetra acetic acid (Versenes) set in portland 
and magnesia cements." 

(A) Based on this description, the waste does not appear to be an "inorganic" 
waste. 

(B) Based on the "Basis for Classification" presented for the wastes in Table 
4-7 of the NMVP, the description in Table C-1 appears to be incomplete 
as Table 4-7 indicates that trichloroethylene; carbon tetrachloride; 1, 1, 1-
trichloroethane; methylene chloride; methanol; xylene; and 1, 1,2-trichloro-
1,2,2-trifluoroethane are also present. 

(C) The detail of this waste description (and for that matter, the detail of all the 
other waste descriptions listed in Table C-1) is not sufficient to determine: 
(1) whether the wastes results from a consistent process or batch process; 
(2) the specific process/operation that the waste resulted; and (3) what 
raw materials or chemical inputs were present. 

RESPONSE 

Waste Matrix Code Groups and Waste Summary Categories are defined as at least 50 
percent by volume of the indicated code or category. An inorganic waste code can contain 
organic material up to 49 percent, but the organic material is generally trace material 
comprising less than 1 O percent of the inorganic waste code. The F-listed solvents 
described in Table 4-7 of the NMVP have been included in Table C-2 under the EPA codes 
F001, F002, F003. 

The waste descriptions in Table C-1 are taken from the WTWBIR, which represent the most 
complete information available. On a waste stream basis, more detail must be provided by 
the generator site, which will be subject to review and verification through the WIPP 
screening and audit program prior to waste acceptance at the WIPP facility. Additional 
footnotes have been be added to Table C-2 to identify the points made above. 

* * * * * 

(4) Wastestream IN-W177 is listed as a Solidified Inorganic on page C-33 of Table C-1, 
yet in Table 4-7 of the NMVP, page 4-21, this wastestream is listed as a Solidified 
Organic. 

RESPONSE 

Wastestream IN-W177 is listed as solidified inorganics in the WTWBIR. Therefore, Table C-1 
is correct and Table 4-7 in the NMVP needs to be corrected. 
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(5) Table C-1 provides the following waste descriptions for wastestream IN-W188, a 
Solidified Process Residues within the Solidified lnorganics Final Waste Form Group: 

''This waste is from RFP. The waste consists of sludge from floor drains in a Pu 
process facility that have been cemented in portland cement; described as poor 
grade." 

In addition, based on Table 4-7, this waste has beryllium; cadmium; chromium; lead; 
mercury; chloroform; 1 ,2-dichloroethane; trichloroethylene; tetrachloroethylene; 1, 1 ,2-
trifluoroethane; carbon tetrachloride; 1, 1, 1-trichloroethane; methylene chloride; 
methanol; n-butyl alcohol; and xylenes. The waste description given in Table C-1 
does not adequately describe this wastestream as this material does not appear to 
be an "inorganic waste." 

RESPONSE 

See response to Comment (3). 

* * * * * 

(6) Neither Table C-1 nor Tables 4-7 or 4-8 of the NMVP listed relevant drum numbers; 
therefore, we were unable to match headspace gas sampling results with specific 
waste streams to see if there were any correlations between VOC concentrations and 
waste classification/type. 

RESPONSE 

TRUCON codes and/or IDCs have been added to Table C2-2. In addition, a cross
correlation table (now Table C-1) has been added to Chctpter C to facilitate correlations 
between the estimates in Table C-1 (now Table C-2) and headspace data. 

* * • * * 

(7) Wastestream IN-W220 is described as Solidified Process Residues within the 
Solidified lnorganics Final Waste Form Group under the Homogeneous Summary 
Category. The waste description provided in Table C-1 is as follows: 

'This wastestream includes waste generated at Argonne National Laboratory-East 
(ANL-E) and solid wet sludge from RFP. The ANL-E waste is derived from 
research activities performed 1n a laboratory environment. The waste includes 
concrete and laboratory apparatus. The RFP solid wet sludge is cemented or 
dewatered sludge precipitated from aqueous waste treatment processes. Soils that 
are not contaminated with or by chemicals are also included." 

(A) Clarify how DOE decided to classify this wastestream as a homogeneous 
mixture when it includes laboratory wastes, debris, and soil from two 
different DOE sites. 
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(8) Although this material was classified as an inorganic, Table 4-7 lists 11 
organic constituents as the basis for classification; clarify this discrepancy. 

(C) Clarify why this material is considered solidified when it has concrete, 
debris, and sludges that are either cemented or dewatered. 

RESPONSE 

See response to Comment (3). 

***** 

(8) Wastestream IN-W228 is described as Solidified Wastewater Treatment Sludges 
within the Solidified lnorganics Final Waste Form Group under the Homogeneous 
Summary Category. The waste description provided in Table C-1 is as follows: 

"This wastestream, generated at RFP, consists of wet sludge from treatment of 
all other plant radioactive and/or chemical contaminated wastes and further 
treatment of the first stage effluent. Some pre-1973 wastes may include non
sludge wastes such as electrical motors, mercury, and lithium, batteries, bottles 
of liquid chemicals, and small amounts of mercury in pint bottles. Portland 
cement was added to absorb the residual liquids." 

(A) Clarify how DOE decided to classify this wastestream as a homogeneous 
mixture, when it is derived from the treatment of "all other plant radioactive 
and/or contaminated wastes," and contains motors, bottles, batteries, and 
soil. 

(8) Although this material was classified as an inorganic, Table 4-7 lists 11 
organic constituents as the basis for classification. Clarify this 
discrepancy. 

(C) Clarify when this material is considered solidified when it contains sludge, 
motors, bottles, and portland cement (to absorb liquid). 

(D) Clarify how the portland cement was added to the bottles in the drums, or 
whether bottles were emptied into the drums and then portland cement 
was added. 

RESPONSE 

See response to Comment (3). 

* * * * * 

(9) Wastestream LL-W019 is described as Solidified Waste within the Solidified 
lnorganics Final Waste Form Group under the Homogeneous Summary Category. 
The waste description provided in Table C-1 is as follows: 
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"50 to 90 percent of this waste matrix consists of liquids solidified in 1- to 5-gallon 
plastic containers using portland cement or Aquaset for the water-based liquids 
and Envirostone or Petroset for the oil-based liquids. The remainder consists of 
glove box waste." 

(A) Table 4-7 of the NMVP indicates that the basis for classification of this 
waste is D040 and F002 (trichloroethylene and spent halogenated 
solvents, respectively). Clarify then why was this wastestream classified 
as a Solidified Inorganic. 

(B) Based on the waste description, the wastestream appears to be a mixture 
of water-based liquids, oil-based liquids, and glove box materials. Clarify 
why then this wastestream was placed in the "Homogeneous" Summary 
Category. 

RESPONSE 

See response to Comment (3). 
***** 

(10) Other examples of insufficient waste descriptions include the description given for 
wastestream OR-W042, Inactive Storage Tank Contents-MTRU Sludge, under the 
Solidified lnorganics Final Waste Form Group within the Homogeneous Summary 
Category. This waste is described in Table C-7 as follows: 

"This wastestream is comprised of MTRU sludge that has settled and separated 
from wastewater that has been stored in large underground storage tanks. The 
waste is a product of past operations at ORNL involving various nuclear research 
and radioisotope fabrication processes. Note: This stream may contain TSCA 
waste at unknown levels." 

(A) Table 4-7 of the NMVP indicates that the basis for classification of this 
waste is cadmium, chromium, lead, and mercury. Clarify how DOE can 
use the above process description to determine that there are no other 
RCRA contaminants (organic or inorganic) present in this wastestream. 

(B) DOE has stated that waste with equal to or more than 50 ppm 
polychlorinated biphenyls (PCBs) will not be accepted for disposal at the 
WIPP (page C-11 ). However, the NMVP indicates that only solidified 
organic sludges will be sampled for PCBs (Table C-7, page C-84). 
Assuming that the statement referring to TSCA waste includes PCBs, DOE 
must determine whether this wastestream contains less than 50 ppm 
PCBs (i.e., DOE stated that it will only analyze solidified organics for 
PCBs). 

RESPONSE 

See response to Comment (3) and related comments on Chapter C. 

101 



(11) Wastestream RF-W040 is described as Incinerator Ash/TRM within the Solidified 
lnorganics Final Waste Form Group under the Homogeneous Summary Category. 
The waste description provided in Table C-1 is as follows: 

''This wastestream was previously named "fluidized bed incinerator ash (TRU)
mixed." Ash is generated from operation of a fluidized bed incinerator in Building 
766 or an incinerator in RFP Building 771. The incinerator was used to bum office 
trash, combustible waste generated in process areas, combustible oils form the 
refrigeration units, diesel fuel, and crank case oils. The oil has been accumulated 
as a low-level mixed waste. Fluid bed incinerator ash was packaged in 55-gallon 
drums lined with a rigid polyethylene liner and one bag liner. It is a portion of the 
wastestream entitled: fluidized bed incinerator ash/LLW mixed" in the inventory 
report. The ash normally assays as low-level waste (LLW), but this portion was 
found to be TRU." 

(A) Table 4-7 of the NMVP indicates that the basis for classification of this 
waste is the eight TC metals, 1, 1, 1-trichloroethane, carbon tetrachloride, 
methylene chloride, 1, 1,2-trichloro-1,2,2-trifluoroethane, and methyl ethyl 
ketone. DOE should explain why incinerator ash generated from the 
description of office wastes and various oils would contain the five volatile 
organic constituents listed above. 

(B) Clarify whether DOE has considered the potential for other non-volatile 
constituents such as particles of incomplete combustion (PICs) or dioxins 
(particularly if DOE is incinerating chlorinated organics) to be present in 
thermal treatment residues. Are there any sampling data to support such 
as conclusion? 

(C) There are several other examples of thermal residues listed in Table C-1 
(e.g., RF-M001 and SR-W052) that also contain numerous volatile organic 
constituents (some of which are chlorinated). Revise the permit 
application to clarify the statement made on page C-4 that for RH TRU 
waste forms (which are primarily thermally treated wastes), some CH TRU 
waste sampling activities would not be appropriate (e.g., headspace-gas 
sampling). This statement implies that there may not be any volatile 
organic constituents present in the waste, which is in conflict with the 
process information presented in Table C-1. 

RESPONSE 

The F-listed solvents described in Table 4-7 of the NMVP are captured by the EPA 
codes in Table C-1. This information is taken from the WTWBIR, which represent the 
most complete information available. Information in Table C-1 will be revised when 
Revision 2 of the WTWBIR is published. The presence of PICs and dioxins in the 
waste will be determined by the WIPP Generator/Storage Site Waste Screening and 
Acceptance Audit Program (Appendix C11) prior to shipment of waste to WIPP. RH 
TRU waste streams in Table C-1 do not list organic solvents at this time as they were 
not provided in Revision 1 of the WTWBIR. 

102 



(12) Wastestream RL-M017 is described as TRU Mixed Organic Labpacks within the 
Solidified Organics Final Waste Form Group under the Homogeneous Summary 
category. The waste description provide in Table C-1 is as follows: 

''This wastestream consists primarily of organic labpacks. Some of the contains 
contain inorganic debris (metals), organic debris (plastic and cellulosics)." 

(A) Although the waste description indicates that this wastestream has 
inorganics, Tables C-1 and 4-7 of the NMVP show the wastestream as 
only being listed as F003; no inorganic contaminants (including lead) are 
listed on either table. Clarify this discrepancy. 

(B) Clarify how DOE decided to classify this wastestream as a homogeneous 
mixture when it is derived from laboratory labpacks with organics, metals, 
plastic, and cellulosics. Would drums of organic labpacks, combustible 
waste, and debris be considered homogeneous? 

RESPONSE 

See response to Comment (3). 
***** 

(13) The adequacy of the waste descriptions derived by process knowledge in Table C-1 
is questionable relative to the waste descriptions provided for waste streams IN
W311, IN-W312, and IN-W314: 

IN-W311 - "This waste was generated at the RFP." Waste codes 0028 and F001. 

IN-W312 - "Pyrochemical salt consists of used chloride salts from pyrochemical 
processes such as electrorefining, molten salt extraction, or direct oxide 
reduction." (No waste codes.) 

IN-W314 - "This waste, generated at the RFP, consists of chunks of salt and 
ceramic." Waste code F001. 

Clarify whether these really three different types of wastes, or does this exemplify the 
variation in either process knowledge/waste descriptions or individuals who were 
responsible for developing waste descriptions. 

RESPONSE 

Generator sites will delineate waste streams using acceptable knowledge of the 
processes that generated the waste. Once a generator site has adequately 
characterized a waste stream, a Waste Stream Profile Form will be prepared and sent 
to the WIPP facility for approval. Information provided on this form will be subject to 
an audit at the generator sites. 

***** 
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(14) Waste streams IN-W254 have the same waste description: 

''This waste comes from RFP. It consists of leaded rubber gloves, and aprons. 
A limited amount of leaded gloves, lead bricks, and lead sheeting may also be 
present." 

However, IN-W252 has D008, D022, D028, D029, F001, and FOOS, whi :. IN-254 
has D008, F001, and F002. they also share TRUCON Code ID 223A. Based on the 
waste description, it appears as through both waste streams would contain the 
same materials, yet DOE determined that one of the waste streams had more 
constituents than the other wastestream. Clarify this discrepancy. 

RESPONSE 

The waste descriptions in Table C-1 are taken from the WTWBIR, which represent 
the most complete information available. The waste streams have the same 
principal materials, but can differ in minor and trace components. 

***** 

(15) Wastestream IN-W330 is listed as Plastic/Rubber Debris under the Combustible 
Final Waste Form group within the Debris Waste Summary Category. The waste 
description listed in Table C-1 states that " ... One drum contains liquid mercury." 
However, neither Table C-7 nor 4-7 of the NMVP lists mercury as a basis for 
classification or EPA Hazardous Waste Code. In addition, clarify whether it would 
be possible to segregate the one drum of liquid mercury from this wastestream, 
solidify it, and group it with the other solidified inorganics waste streams. 

RESPONSE 

The waste descriptions in Table C-1 are taken from the WTWBIR, which represent 
the most complete information available. The waste streams have the same 
principal materials. but can differ in minor and trace components. 

* *. *. 

(16) The methodology for determining final waste from groups is unclear. For example, 
wastestream IN-W169 is listed m Table C-1 as Predominantly Combustible Debris 
under the Heterogeneous Final Waste Form Group within the Debris Waste 
Summary Category Group. The waste description is as follows: 

'The wastestream is from RFP and primarily consists of line- and non-line 
generated dry combustible materials such as paper, rags, plastics, surgical gloves, 
cloth overalls and booties, cardboard, wood, wood filter frames, and laundry lint. 
Some combustibles may be damp or moist. Limited amounts of non-combustibles 
such as glass, concrete, cement, lead, glove box gloves, batteries, and metal scrap 
may also be present." 
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Wastestream IN-W336 is listed as Combustible Debris under the Combustible Final 
Waste Form Group within the Debris Waste Summary Category Group. The waste 
description is as follows: 

''This wastestream, generated at Battle Columbus Laboratories, contains such 
combustibles items as wood, plastic suits, nylon-reinforced plastic tent structures, 
shoe covers, rubber gloves, and air hoses. The waste is from decontamination and 
deactivation of the Pu laboratory." 

Clarify why one wastestream is classified as a Heterogeneous, Predominantly 
Combustible Debris, while the other wastestream is classified as Combustible, 
Combustible Debris, when both waste descriptions are very similar. 

RESPONSE 

It is noted that wastestream IN-W169 contains limited amounts of non-combustible 
debris, hence it is listed heterogeneous rather than combustible debris. Clarification 
will be sought in Revision 2 of the WTWBIR. 

***** 

(17) Wastestream NT-W001 is listed as Heterogeneous Debris, Uncategorized, under the 
Heterogeneous Final Waste Form Group within the Debris Waste Summary 
Category. The waste description listed in Table C-1 states that: 

"This wastestream consists of glove box parts, .... Most of the waste is handled (CH) 
TRU waste; one and 3 drums are remotely handled (RH). The wastestream was 
generated at Lawrence Livermore National Laboratory .... " 

(A) Clarify what is meant by the statement: " ... one and 3 drums are remotely 
handled (RH) .... " 

(B) Table C-1 does not appear to identify (track) the RH component of this 
wastestream; clarify whether the RH portion of this wastestream has been 
accounted for. 

RESPONSE 

The waste descriptions in Table C-1 are taken directly from the WTWBIR, which 
represents the most complete information available. 

* * * * * 

(18) Wastestream OR-W045 is listed at CH TRU Uncategorized under the 
Heterogeneous Final Waste Form Group within the Debris Waste Summary 
Category. The waste description listed in Table C-1 states that: 
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''This stream consists of CH TRU waste which is not classified. The physical form 
is either solid, liquid, mixed (both solidified and liquid) or unknown. Note this 
stream may contain TSCA waste at unknown levels." 

Based on the description of this waste, it could contain anything and, therefore, 
should be classified as Unknown, Summary Category 8000. Clarify this discrepancy. 

RESPONSE 

The waste descriptions in Table C-1 are taken from the WTWBIR, which represent 
the most complete information available. Clarification of these waste streams will be 
resolved when Revision 2 of the WTWBIR is published. 

***** 

(19) Wastestream IN-W247 is listed as Uncategorized Unknown under the Inorganic 
Nonmetal Final Waste Form Group within the Debris Waste Summary Category. 
The waste description listed in Table C-1 states that: 

''This wastestream, generated at the RFP, consists of boronated glass rings used 
to minimize neutron multiplication in liquid storage tanks. Unleached rashig rings 
were unused from 1971-1979 as a separate stream and then combined leached 
rashig rings. The rings are about 1.75 inches high and 1.5 inches in diameter, with 
a 0.25 inch wall thickness. The rings are heat- and chemical- resistant borosilicate 
glass. Some of the rings which had above-discard amounts of Pu, were leached 
with nitric acid to recover the Pu and then rinsed with water and dried. Some of 
the rings may be contaminated with small amounts of oil." 

Clarify why this wastestream, which has a very detailed description and includes 
several EPA codes (and is actually more detailed than many of the other known 
wastes), is classified as Uncategorized Unknown. 

RESPONSE 

The waste descriptions in Table C-1 are taken from the WTWBIR, which represent 
the most complete information available. Clarification of these waste streams will be 
resolved when Revision 2 of the WTWBIR is published. 

* * * * * 

(20) The waste description for Wastestream RF-W041 states that the wastestream is 
currently characterized by process knowledge and sample analysis using the 
Extraction Procedure (EP) Toxicity Test. Either the site's characterization procedure 
or the waste description must be updated to reflect the adoption of the Toxicity 
Characteristic Leaching Procedure (TCLP). Revise the application accordingly. 
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RESPONSE 

TCLP analysis will not be conducted on TRU-mixed debris waste. Debris waste will 
be characterized using acceptable knowledge, headspace gas analysis, RTR and 
visual examination. As part of acceptable knowledge, generator sites may sample 
and analyze surrogate waste using procedures prescribed by other regulatory 
requirements. 

***** 

107 



Introduction 

CHAPTER C 
WASTE ANALYSIS PLAN 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

2 

3 

This waste analysis plan (WAP) has been prepared for disposal activities to be conducted at the 4 

Waste Isolation Pilot Plant (WIPP) facility to meet requirements set forth in Title 20 of the New 5 

Mexico Administrative Code, Chapter 4, Part I (20 NMAC 4.1 ), Subpart V, §264.13. Guidance s 
in the most recent U.S. Environmental Protection Agency (EPA) manual on waste analysis has 7 

been incorporated into the preparation of this WAP (EPA, 1994). Accordingly, this chapter a 
includes a facility description; information on the waste to be managed; a discussion of 9 

parameters, rationale, and test methods; details of planned waste sampling and analysis; a 10 

description of the waste shipment screening and verification process; and, a description of the 11 

quality assurance (QA)/quality control (QC) program. 12 

When using this WAP, the term 'WIPP," when used in the context of requiring a duty or 13 

responsibility, means the U.S. Department of Energy (DOE) as the facility owner and operator 14 

and the Westinghouse Waste Isolation Division (WID) as the co-operator, as set forth in the 15 

WIPP Resource Conservation and Recovery Act (RCRA) Permit Application certification 1s 

(Chapter M of this permit application). This WAP establishes waste characterization 11 

requirements for DOE waste generators at other sites. Waste characterization requirements are 1a 

implemented in lower-tier documents, including the Transuranic Waste Characterization Quality 19 

Assurance Program Plan (QAPP)1 and quality assurance project plans (QAPjP) for individual 20 

generator sites and analytical laboratories. 21 

The mission of the WIPP Project, as established by the U.S. Congress in 1979 (Public 22 

Law 96-164 ), is to provide a research and development facility to demonstrate the safe disposal 23 

of transuranic (TRU) mixed waste generated as a result of United States defense activities. This 24 

permit application and this WAP are for the management of TRU mixed waste to be disposed 25 

of at the WIPP facility. 25 

TRU mixed waste contains both TRU radioactive and hazardous components, as defined in 21 

20 NMAC 4.1, Subpart VIII, §268.35(d), and in the Federal Facility Compliance Act, Public Law 2s 

102- 386, Title 1, §3021 (d). It is designated and separately packaged as either contact-handled 29 

(CH) or remote-handled (RH), based on the radiological dose rate at the surface of the waste 30 

1The Transuranic Waste Characterization Quality Assurance Program Plan, DOE/CAO 94-1010 (April, 1995), utilizes 31 
a performance-based approach to allow individual sites to have the flexibility to develgp~ffle!RY:: analytical and 32 
examination methods that meet the quality assurance objectives specified in this WAP. The DOE will conduct 33 
prggr:ai:i:is~~@%¢tiii!f:l~~mg~M#.®i~!~$' at each generator site planning to ship waste to the WIPP facility to obtain 34 
the requislie"dafa:""tR'U' mixed" waste diaracterization described in the QAPP include~; 1) Feal tii:i:ie radiography 35 
{R+Rt, 2) Fadigassay (~A), ~)headspace gas sampling and analysis, 49> solidified waste.sampling and analysis, and 36 
5f) visual examination. 37 
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container. Both CH TRU and RH TRU mixed wastes will be received and disposed of at the 
2 WIPP facility. 
3 

4 The hazardous components of the TRU mixed waste to be managed at the WIPP facility are 
5 designated in the WIPP facility's RCRA Part A permit application. This WAP describes the 
6 measures that will be taken to assure that the wastes received at the WIPP facility are within the 
7 scope of the RCRA Part A permit application as established by 20 NMAC 4.1, Subpart V, 
8 §264.13, and that they comply with unit-specific requirements of 20 NMAC 4.1, Subpart V, 
9 Miscellaneous Units. 

10 

11 Both CH TRU and RH TRU mixed waste at the WIPP facility will be managed using containers 
12 that meet or exceed the requirements of the U.S. Department of Transportation (DOT) for Type A 

13 containers. ]ljj):=:g~::=::@r=::~p!:m:~~rm'.·)t:9inlln!ni:l'=m:::::~mi!=:=:=gg§9mm:::::f!ll:lf.9:'''@l9im~:lgl,~i!!ri: 
14 2mne~1:=::Y!~i!!:::§e~= (§~l):=§r:==ffiiJr!ililrrt:'mt!m!sJS::::m;1mel::=::y:it1rn:::;chapter o~~?tfil1l1!(;t;): 
15 provides details regarding the design and use of these waste containers. 
16 

17 The WIPP facility requires TRU waste characterization programs to adhere to the requirements 
18 specified in this WAP and enumerated in the WIPP Waste Acceptance Criteria (WAC) and the 
19 Transuranic Waste Characterization QAPP (DOE, 1995a). All waste characterization activities 
20 discussed in Sections C 3 and C-4 will be carried out at generator sites in accordance with this 
21 WAP. WIPP management will o•.iersee ana audit site waste characterization programs and 
22 activities as described in Section C-5. This WAP describes the relationship of the waste 
23 characterization data and information to the regulatory requirements of 20 NMAC 4.1. The waste 
24 characterization program for wastes to be received at the WIPP facility for disposal has been 
25 designed to utilize both sampling @f\£t~n~~Yi1!i and acceptable knowledge from waste generation 
25 processes. Acceptable knowledge of waste complies with reg1:1latory re~1:1irements set ferth in 
27 2Q ~JMAC 4.1, S1:1bpart Ill, §262.11 (hazardo1:1s waste determination); S1:1bpart V, §264.13 
28 (general waste analysis); and S1:1bpart VIII, §268.7 (waste analysis and record keeping), as well 
29 as recent EPA g1:1idance regarding acceptable knowledge of waste characterization (EPA, 1QQ4). 
30 

31 Accoraing to EPA g1:1iaance, acceptable kno\i\'ledge can be 1:1sed alone or in conj1:1notian ',\lith 
32 sampling ana analysis when 1) wastes have F, K, P, or U listed EPA hazarda1:1s waste coaes; 
33 2) health ana safety risks to personnel ao net j1:1stify sampling ana analysis (e.g., sampling ana 
34 analysis of TRU mi>Eea waste); ana 3) the physical nat1:1re of the waste does net lens itself ta 
35 taking a labaratary sample (e.g., aebris wastes) (EPA, 1 QQ4). 8eca1:1se all waste aestinea for 
36 VVIPP aispasal is raaioaotive (presenting a health hazara to workers inval•.iea in sampling 
37 activities) ana beca1:1se mare than half is aebris, these conaitions apply to \IVIPP waste 
38 generatars. Acceptable kno•Nledge of raw materials, aperating processes, anel potential reaction 
39 proa1:1cts of these processes, along with nonaestruoti•.ie sampling, are 1:1sea fer WIPP wastes that 
40 cannot be elireotly samplea. 
41 

42 Some TRU mixed waste is retrievably stored at the DOE generator sites. Additional waste will 
43 be generated and packaged into containers at generatort.fi~i:~ sites in the future. TRU mixed 
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waste will be retrieved from storage areas at a generator~§:: site. Retrievably stored waste is 
2 defined as waste generated after 1970 and before implementation of the QAPP characterization 
3 requirements. Newly generated waste is defined as waste generated after implementation of 
4 QAPP characterization requirements. Stored TRU waste will be characterized on an ongoing 
5 basis, as the waste is retrieved. Newly generated TRU waste will be characterized as it is 
6 generated. Waste characterization requirements for stored and newly generated wastes differ 
7 due to the OAPP requirements;§.§::9!~@.!~~!:i!fii§!:mt§P.:1~%t!~,::~P9:!8tl:Pi: for uniform, auditable 
8 documentation of acceptable knowledge for ne1Nly generated 'Naste, as discussed in Section C 
9 ~ 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Wastes are characterized on a waste stream basis. A waste stream is defined as waste material 
generated from a single process or from an activity that is similar in material, physical form, 
isotopic make-up, and hazardous constituents. Waste streams are grouped by 'Naste matrix 

~i;~i=~!:~!~=~~i~!f~~~~~i~~:~~~~ 
soils, lead/cadmium metal, inorganic nonmetal waste, combustible waste, graphite, filters, 
heterogeneous debris waste, and uncategorized metal. 

Wastes are rntm~!!M.:/categorized into ~!iii broad Summary Category Groups that are related 
to the final physical form of the wastes. Waste characterization requirements for these groups 
are specified separately in Section C-3-4\ of this WAP. These groups include Homogeneous 
Solids (Summary Category S3000), Soil/Gravel (Summary Category 84000), ~00 Debris Wastes 
(Summary Category S5000), and Special Waste (S7000). 

26 The WIPP waste characterization program carried out by generators will be controlled under this 
27 WAP and implemented by the requirements of the QAPP and the WAC Certification Program 
28 (DOE, 1991 ). Waste characterization activities at the generator sites include the following, 
29 although not all these techniques will be used on each container, as discussed in Section C-2: 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

• Real time Radiography (RTR), which is an x-ray technique to determine physical 
contents of containers 

• Visual examination of opened containers as an alternative way to determine their 
physical contents or to verify RTRl:f:9\!~ilPiJY results 

Radioassay (RA), which is a radiation detection techniE11:Je to determine isotopic 
contents and alpha radioactivity of TRU component of waste 

• Headspace-gas sampling to determine ¥!!il!!!9ri~n!e::f1me99\Jgi:(Voq; content 
of gases in the void volume of the containers 

AU5-95MIPMllPPARTB/REV5CR:CH-C C-3 o 1 /15/96 11 :28am 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 
Revision 5.2 

• 

• 

Sampling and analysis of waste forms that are homogeneous and can be 
representatively sampled to determine concentrations of hazardous waste 
constituents and toxici!y characteristic %?11\!!ffi!r!!l.1t~ of waste in containers 

ReviewQ§m?l~?.t@n of documented acceptable knowledge for debris waste that 
cannot be representatively sampled!@~9\:!h:~49i~R!~Mr~99!9-

The DOE's objective is to operate and maintain the WIPP facility free of both chemical and 
radiological contamination. Therefore, as allowed by 20 NMAC 4.1, Subpart V, §264.13, and 
consistent with joint EPA and U.S. Nuclear Regulatory Commission (NRC) guidance, all waste 
sampling and analyses will be conducted by the DOE generator sites in accordance with the 
requirements of this 'NIPP WAP. In accordance with this WAP, the generator sites will conduct 
all the required waste characterization shown in Figures C-1 and C-2 for CH-waste and will 
complete a Waste Stream Profile Form documenting the results of their characterization activities 
(see Section C-1Gt;i.). Generators will perform specific waste analyses according to the 
Transuranic Waste Characterization Sampling and Analysis Methods Manual (hereinafter referred 
to as the Methods Manual), which prescribes appropriate EPA-specified analytical methods 
modified as needed due to the presence of transuranic waste contaminants (DOE, 1995b). RH 
TRU waste characterization data requirements will provide the same types of information as 
described for CH TRU waste, to the extent that this is consistent with RH TRU waste forms. RM 
TRU waste foFFns are primarily thermally treated '.vastes, for which some Gl=I TRU waste 
sampling activities wo1:1ld not be appropriate (e.g., headspace gas sampling). Waste 
characterization methods may differ from those currently implemented by the QAPP for CH TRU 
waste due to the more radioactive nature of the waste. Specific RH-waste analysis methods will 

~Q~Q)!~~=~ :;i~:Y ~:::::e~~h~:1a:~r~:Ii ;;~c=~~~~~ee~:rrb~~'i'~'l!~~D~~~illl~ll 
Qff).The data reports and the Waste Stream Profile Forms (see Section C-1c~) resu'ftfng.fr()°m 
waste characterization activities will be transmitted to the WIPP, reviewed for completeness, and 
screened for acceptance prior to loading any waste into the Transuranic Package Transporter 
(TRUPACT-11) or RH TRU mixed waste shielded road cask at the generator facility, as described 
in Section C-5. Only waste that has been characterized in accordance with this WAP, and that 
meets the WAC will be accepted for disposal at the WIPP facility. 

C-1 Facility Description 

36 C-1 a Description of Processes and Activities at the WIPP 
37 

38 General descriptions of the WIPP facility waste handling processes are provided below. Detailed 
39 process descriptions are provided in Chapter Di'\'\~!i99\\!¥M::9(~): of this permit application. 
40 

41 
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3 Waste from DOE TRU mixed waste generator/storage sites identified by the DOE as meeting the 

4 "!A:<?_H(~~e Fig~re c J) will be disposed of at the WIPP facility. ffin~tJ~m:m~ipr:9c~n~l~9t!:m9r~~~ 
5 sitesaref 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

:·:··-:-:-:-:-:::::::::::::::::::::::·:::·:-:-:· 

f:t::::::;e;19n.r1:=:mi120~!:1PIP:P:ri!sni~,:=:~a~m) 
;:::::::::::::::!P:ins:::~~!n~t:mm;,n~nns:::,!f~sr~12t¥ 
r::::::::t:99!=::1ti:me§'::m:@12a~E8i.§eritei 
r=:=f::::::&~Wlne!:::!fi¥~tma1:Jr~~~9n~t:=!f~99t~t9!Y 
fi[i\ltlggg£foffi~~ilil 
t:::::::::::::mmv~?~·::m~~~ §tt~ 
r=:::::::::::,m@~=:=m1;9~,:,min9n~~ qgqer~!?tY 
~::r::::,B!9ni~tm <m~-ot9r9): §i~~ 
':'====:_:::::a9£i=.m1~~ im¥~r9nm~n~~'=*~9nnP:t99¥::9i~~ 
M=:::J::2@v@nn~b. B.i.v~t9tt~ 

18 £issri.::::::::P1":::::::,!new~·:::::=:~n!:,::a~s!!P:n19::::::::!a~P:n::::::::et:::::::!n!~i:::::::i!I!;=,:,::, :::::1.1!1=:::::?:1:=::::~v1r~::::::::!mi!~ 
19 finiritetli!it!sm::§9ii:·t11it:i1mi~tnir;::~!1ie:,!nmw::w1ii::~2;::~n1::;w1rere::!ii:!!iv:::p,i:~9:::mn!=ie!::!n1::11ar 
20 U:n11~P:ttmr~fj@:::::~11~::f:et:w@§t~,=~@t~m"n!itlem:::::~~a~mi!m~1ea'~:m:::~11:::=M1em;:::m11am!:i:: 
21 T-!19~~:=:!i!~~=::wmrn~~:1a~ntm~9:~9 ~n~:m~w\·M~*,s9::srbr~r9mmintH?~ei'=m!P:~::::~·1msgi:::@~=::~11v;::1m 
22 9goo~1:~n9.::en9r ~9::in!!l!~in9. :~nx ~n1l?m!m§:::Jrsmm1~r~1~~~,Jp::'ft~:=~n1e:.tjPi!!!¥s 
23 

24 CH TRU mixed waste will arrive at the WIPP facility in a DOT Type B transportation package 
25 (i.e., a TRUPACT-11 or other approved package). Each TRUPACT-11 is capable of carrying up 
26 to two DOT Type A standard waste bo>Ees (SWB}, two seven-packs of DOT Type 7 A 55-gallon 
27 (gal) drums, or one DOT Type 7 A ten dFl::lm overpask (TOOP)-. 
28 

29 VVhen the TRUPACT lls arrive at tho \NIPP facility, they will be transported to the sontrolleEi area 
30 01:1tside the VVaste Handling B1:1ilding (\/\!FIB), where initial radiological s~rveys will ee perfermeEi. 
31 If radiological contamination is not detested, the ha.zardo~s 'Naste manifest will be signed to 
32 release the dri\•er, and tho TRUPACT lls will be removed from the transport trailer and taken 
33 inside the WHB. Inside the VVHB, the TRUPACT lls will be opened, and the contents (i.e., waste 
34 containers) will be removed. If radiological contamination is detested on the waste containers, 
35 they will be decontaminated prior to f1:1rther waste management operations. \t.,{aste containers 
36 will remain closed at all times (that is, the lids 'Nill never be remo\•ed) in order to minimize tho 
37 possibility of a spill or release of waste material er sonstit1:1onts. ',Nhen all identifisatien GResks 
38 have been completed, tho generator's copy of the manifest 'Nill be ret~med. If there are any 
39 discrepancies, the generator will be sontasteEi for resolution. Discrepancies that are not reselvea 
40 within 15 days '.¥ill be reported to the ~Jew Me>Eiso Environment Department (NMED) as req1:1ired 
41 by 20 NMAC 4 .1, S1:1bpart V §204 .72. (If a resolutien is not roached 'Nithin JO days as req1:1ireEi 
42 by 20 ~JMAC 4 .1, S~bpart V, §204 .71, the container will be replaced in the TRUPACT II and 

43 shipped bask to the generator.) ~jiJ'~tij:=:J.1RQR6&1rtH~:::~rov~:::@~:\!n~iiYVHm1J&:\f:l§l!~¥f:i:r!l!§!IJ~m!~ 
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24 The RH TRU mixed waste canister will be removed from the shielded road cask in the WHB hot-
25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 At the underground waste receiving station, the facility cask transfer car will move the facility 
43 cask, loaded with the RH TRU mixed waste canister, from the waste hoist cage, and a forklift will 
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1 transport it to an HWMU. The emplacement machine will be positioned in front of a predrilled 
2 horizontal hole bored into the room wall, and the facility cask will be placed on the machine 
3 assembly. The emplacement machine will then insert the waste canister into the hole. A shield 
4 plug will be inserted into the hole to provide radiation protection. 
5 

6 The amount of RH TRU mixed waste disposed in each panel is limited based on thermal and 
1 geomechanical considerations. A nominal spacing of 8 feet (ft) (2.4 meters [m]) between centers 
8 for RH TRU mixed waste canisters is planned. §!11,§p!:i:mr~:Pi(~)!(i}Chapter D of this permit 
9 application provides a more complete description of the facility and the ff!mtwaste management 

1 o activities. 
11 

12 C-1 b Identification of TRU Mixed Waste Managed at the WIPP Facility 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

Waste Stream Identification 

Generators use their waste stream information and waste matrix parameter designators 
developed to meet previously imposed Federal Fasility Complianse Ast (Publis La1.v 1 Q2 a86, 
1 QQ2) mixed waste reporting requirements. The waste matrix parameter designators are 
assosiated with dissreet waste generation prosesses, shemisal somponents, and physisal waste 
form. From this information, waste streams have been grouped into more general sategories 
with similar shemisal and physisal properties. A ·.vaste stream is defined as waste material 
generated from a single prosess or astivity. \'Vaste may be generated as either prosess or 
prosess batsh waste streams. A prosess is defined as a system or series of sontinuo1::1s or 
reg1::1larly ossurring astions taking plase in a predetermined manner over extended periods of 
time res1::1lting in a prod1::1st that is s1::1bstantially 1::1niform. A prosess batsh is defined as an amo1::1nt 
of material s1::1bjest to a partim.ilar 1::1nit shemisal prosess, unit physisal mixing prosess, or another 
short term operation, res1::1lting in a final prod1::1st that is substantially uniform. 

j!f:!~1:,:9~~~m!!':tsr::s!!l?e!!! ~~.:Di:e11:~~·sn~m•n~11.:::en:::~:1n~!::;!,,r11.m·:::!!!!~f::::1;::1!!~1:=:!111m 

![ ... ~~~ 
senPnM?!l'l§MB.!~@1y::s99Yrrms.:::1:e1en1::!11ma::m1~Jrt:1:::mam1~e::1n!nn1r::9v1~:i1s1.e11 
t1n!:!!H~tmm.1;]r~§µmns.::Jn:::~!m:::~n1Pi!::::§!~m11?iJ.!».t:!iln!r!rm~::::::::1:=:1r?9~!!::::§1mna1:::e1f!111:::11 

~--IB!in:::111::::119:::1e1~191:::•* 
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38 generating the waste; 13ast sam13ling and analytical data; material in13uts to the waste generating 
39 13rocess; and the time 13eriod during which the waste was generated (certain waste generating 
40 13rocesses are associated 'Nith s13ecific historical time 13eriods). Information reE1uired for 
41 characterizing waste using acce13table knowledge includes the 13hysical form of the waste and 
42 documented changes to the process or material inputs. 
43 
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12 that ml::lst be collected and analyzed to charasterize waste str=eams. 
13 

14 

15 

16 

17 each waste stream reported by generators is given. lndi11idl::lal site waste streams ar=e l::lniql::lely 
18 identified by the waste str=eam identification code shown on the table. The EPA HazarElol::ls \!'/aste 
19 Codes for each waste stream ar=e also provided by the generators based on acceptable 
20 knowledge and are shown in Table C 1. 
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

~!!!!:::~tr~~tttt::~nr.9tm@P:9n n!!::P:gn 111t9v~e!P.:::g¥::1n!:s!n!rm9:r~1:,P:t19.!Mltt~!;!ne:1~:;911m1m~9: 
~a::~~!:;ml1:me::&tin!!rim!§,::!l.@iti:::1!i'=:rnn~::1avinte1:::a1iett:=-11l:;:t1!~':11e1@::11'-~~::::::m11:m1J, 

~lt!lm~;;r.9r=::!tt~:;::eml9il;;::pf;:;1@~!«1(1;991r!it~t~!!!snn:::=:s111I§tt!::::m9'~;,:=m1Y.e~M:1;;;:~t!ij!s::::t.1i:11m 
~l!f.m1::mit::1.::ome!!n~u111J:@n <mm5,:,:,1g~§!)f:;,,,;;,Wf'-~tt:::§Rt~1:n!!~st!m~en.~:,~!~!:;:P:@:mn@~19:::s1tt;:!~! 
9:efir~:=:l£t=:w!1i:=:911.r!:iir!i!t!en::':m:::g,:::~111;=::::::: 

41 Table C 1 incll:ldes only waste str=eams for which EPA hazarElol:ls waste codes ha•1e been 
42 reported by generators. If the generators identify other ·.vaste streams for disposal at VVIPP, 
43 charasterization of those wastes will be performed as reql::lired by this 'NAP. If new EPA 
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1 Hazardous \'\taste Codes are identified, those 'Nastes cannot be accepted until a Permit 
2 Modification has been submitted and approved. 
3 

4 \Naste stream descriptions may also be associated with TRUPACT II content (TRUCON) codes. 
5 TRUCOt>J codes were originally developed as a type of shorthand representation of the chemical 
6 content and physical waste form of generator waste streams for use in the TRUPACT II 
7 transportation safety analysis. At that time, each waste stream was revievJed, and a TRUCON 
8 code was assigned. Table C 1 also provides TRUCON codes with the waste streams for which 
9 they were assigned. t>Jewly identified waste streams eligible for WIPP disposal have not been 

1 o assigned TRUCON codes; the column for these wastes is, therefore, blank in Table C 1. 
11 Information on chemical content and physical waste form have been used to assess waste 
12 stream compatibility as discussed later in this section. 
13 

14 The quantity of waste reported in the WIPP RCRA Part A application was determined using 
15 reported generator information on waste generating processes, and waste constituents and 
16 characteristics. If it was suspected, based on knowledge of a waste generating process, that a 
17 RCRA-regulated hazardous constituent may be contained in the waste, the waste was assumed 
18 to contain that constituent. The waste volume associated with each reported EPA code was 
19 assumed to equal the volume of the waste stream. Therefore, it appears that receipt of the total 
20 annual waste volumes reported in the Part A application over WIPP's projected 25 year waste-
21 emplacement period would exceed the 6.2 million SYbi&-ft~ (0.179 million cubic 18?~9!1 m~) 
22 allowable waste capacity specified in the Land Withdrawal Act (LWA) of 1992. This is because 
23 many waste streams with multiple EPA-codes were counted as multiple volumes. A biennial 
24 report, in accordance with 20 NMAC 4.1, Subpart V, §264. 75, will provide information on actual 
25 volume and waste descriptions received for disposal during the time period covered by the 
26 report. 
27 

28 Waste Summary Categories Accepted at the WIPP Facility 
29 

30 \/\Jaste Summary Categories are assigned to each waste stream identified by generators to 
31 facilitate RCRA waste characterization, and reflect the final waste forms acceptable for WIPP 
32 disposal. 
33 

34 ga11:::::i::·W!!t!::::1e@m:::n:@1:,9~9 si!!m1111.~]~~~1~::::~11r1.n::i::::1tt.111J::ri1,l~r1x::,:gg9!::::~g:=::~§1=i::1111 
3s §wi!m::::2iii~u1o:::~n~Henxi~ii~:t9:rm::::2~::~ni:::w11!1rn:::l'=i!t!::::!~iimi::::!:r!@~~~'10!2 1:11:::9n!1::91::11! 
36 eriis:e?mm~atwi~iae01:.:mmµii1:2R:!Rloemilioii!i!i::12~121;:::1119f:Hiii!~91v!!i:112::21m1 
37 9ien1::1i11:~:;]ni1::1Ymm;1:m1!~g901:::mre9e1:::1n~rn;1,11:1::~9:9~tirm!n11:mmm!r@n1111111t12n: 
38 11m~1m1n~!;:: 
39 

40 

41 

42 

43 

S3000-Homogeneous Solids 
Solid process residues are defined as solid materials, excluding soil, that do not meet 
the NMED criteria for classification as debris (20 NMAC 4.1, Subpart VIII, §268.2[g] 
and [h]]. Included in the series of solid process residues are inorganic process 
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residues, inorganic sludges, salt waste, and pyrochemical salt waste. Other waste 
streams are included in this Summary Category BfRYPi!l!based on the specific waste 
stream types and final waste form. Each waste stream designated as a 3000 solid 
process residue is identified in Table C-~4-. This category includes wastes that are 
at least 50 percent by volume solid process residues. 

S4000-Soils/Gravel 
This waste sYmmary category§'li!im@IJii!#~,~9.'91J'lit9YR includes waste streams that 
are at least 50 percent by volume soil as identified in Table c-4.t. Soils are further 
categorized by the amount of debris included in the matrix. 

85000-Debris Wastes 
This •.vasts sYmmary category§·gmmil :8!,il9iii!itlr9~#i, includes waste that is at 
least 50 percent by volume materials that meet the NMAC criteria for classification 
as debris (20 NMAC 4.1, Subpart VIII, §268.2) as follows: 

Debris means solid material exceeding a 2.36 inch (in) (60 millimeter (1,1)> 
particle size that is intended for disposal and that is: 

1. a manufactured object, or 
2. plant or animal matter, or 
3. natural geologic material. 

However, the following materials are not debris: 

1. any material for which a specific treatment standard is provided in 20 NMAC 
4.1, Subpart VIII, 268 Subpart D; 

2. process residuals such as smelter slag and residues from the treatment of 
waste, wastewater, sludges, or air emission residues; and 

3. intact containers of hazardous waste that are not ruptured and that retain at 
least 75 percent of their original volume. 

A mixture of debris that has not been treated to the standards provided by 20 NMAC 
4.1, Subpart VIII, §268.45, and other material is subject to regulation as debris if the 
mixture is comprised primarily of debris, by volume, based on visual inspection. 
(20 NMAC 4.1, Subpart VIII, §268.2[g]) @i!ill9'f!~"-l't:@mili!JiifPft:tlUl!l~i! 

ml 
!l.1nnin1~1m1~t:::P:n11imn:::smnPP:11t12rt::@i::::1~1n1~tm!1Y.r11E:::::;m1::::;a1tu!9.1::::91::lt11n1 
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m~t~n~!§.!n m!~~t~~Jm m~w.1:m~n~r~~ w~~~~, wim:p§Jq$,§tmin~9 9¥ ¥t~!Jij~ 
~!~m1n~~1P.n 94rin9. ,l?i9~~91.nss 
"Hazardous debris" means debris that contains a hazardous waste listed in 20 NMAC 
4.1, Subpart II, 261 Appendix VIII, or that exhibits a characteristic of hazardous waste 
identified in 20 NMAC 4.1, Subpart II, 261 Subpart C. 

Included in the S5000 series are metal debris, lead containing metal debris, inorganic 
nonmetal debris, asbestos debris, combustible debris, graphite debris, heterogeneous 
debris, and composite filters, as well as other minor waste streams, as identified in 
Table C-24. 

13 Examples of waste that might be included in the S5000 series are asbestos-
14 containing gloves, fire hoses, aprons, flooring tiles, pipe insulation, boiler jackets, and 
15 laboratory tabletops. Also included are combustible debris constructed of plastic, 
15 rubber, wood, paper, cloth, and graphite and biological materials. Examples of 
11 graphite waste that would be included in this series are crucibles, graphite 
18 components, and pure graphite. 
19 

20 S7000 Seecial 'l\'aste Forms 
21 Special waste forms are wastes inherently hazardous (i.e., the bulk material itself is 
22 RCRA hazardous waste), often having specific land disposal restrictions (LDR) 
23 treatment technology requirements, or waste that presents unique treatment 
24 concerns. This summary category may contain elemental metals or batteries. 
25 

26 Chemical Properties of the Waste 
27 

28 This section of the WAP provides an overview of the chemical properties of a waste and the 
29 waste source. Hazardous constituents and target analytes for waste to be disposed of at the 
30 WIPP facility are shown in Table C-~. 
31 

32 The most common hazardous constituents in the TRU mixed waste to be managed in the WIPP 
33 facility consist of the following: 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Metals 

Some of the TRU mixed waste to be emplaced in the WIPP facility contains metals 
for which 20 NMAC 4.1, Subpart II, §261.24, toxicity criteriat;n!r!!~tl!:tg: were 
established (EPA hazardous waste codes 0004 through 0011 ). These materials are 
known to be present based on acceptable knowledge of waste-generating processes 
and various analytical results 9!!9Iii!9jiiY!IY@ii9Siel?l,i::::::~i?i!~9.11· Cadmium, 
chromium, lead, mercury, selenium, and silver (EPA codes DOOe through 0011) are 
present in discarded tools and equipment, solidified sludges, cemented laboratory 
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liquids, and waste from decontamination and decommissioning activities. A large 
percentage of the waste consists of lead-lined gloveboxes, leaded rubber gloves and 
aprons, lead bricks and piping, lead tape, and other lead items. Lead, because of its 
radiation-shielding applications, is the most prevalent toxicity-characteristic metal 
present. 

Halogenated Volatile Organic Compounds 

Some of the mixed waste to be emplaced in the WIPP facility contains spent 
halogenated organic solvents identified in 20 NMAC 4.1, Subpart II, §261.31 (EPA 
hazardous waste numbers F001 through FOOS). The presence of these compounds 
has been~ confirmed by analytical results from headspace gas sampling of stered 
TRU mixed waste. Tetrachloroethylene; trichloroethylene; methylene chloride; carbon 
tetrachloride; 1, 1, 1-trichloroethane; and 1, 1,2-trichloro-1,2,2-trifluoroethane 
(EPA hazardous waste codes F001 and F002) are the most prevalent halogenated 
organic compounds identified in TRU mixed waste that may be managed at the WIPP 
facility during the Disposal Phase. These compounds are commonly used to clean 
metal surfaces prior to plating, polishing, or fabrication; to dissolve other compounds; 
or as coolants. Because they are highly volatile, only very small amounts typically 
remain on equipment after cleaning or, in the case of treated wastewaters, in the 
sludges after clarification and flocculation. 

Nonhalogenated Volatile Organic Compounds 

Xylene, methanol, and n-butanol are the most prevalent nonhalogenated VOCs in 
TRU mixed waste that may be managed at the WIPP facility during the Disposal 
Phase. These compounds occur in TRU mixed waste materials in much smaller 
quantities than halogenated voes. Like the halogenated voes, they are used as 

;ii::i~ii!~rlii1,§.iii~~~qii&~;;9;;::!~
1

;!~~tllillllll~Bil~llllll 
MQQ§s 

33 Waste Not Accepted at the WIPP Facility 
34 

35 

36 

37 

38 

39 

AU5-95/WP/WIPPARTB/REV5CR:CH-C C-14 01115/96 11 :28am 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

The following waste is unacceptable for management at the WIPP facility: 

• Ignitable, reactive, and corrosive waste, as defined under 20 NMAC 4.1, 
Subpart II, Characteristics of Hazardous Waste 

• Free liquids (residual liquids in well-drained containers must meet the WAC 
criteria of less than one percent by volume) 

• Compressed gases 

Incompatible waste, as defined under 20 NMAC 4.1, Subpart V, Appendix V 
(waste must be compatible with container, cask, and TRUPACT II materials as 
well as with other waste). 

• Headspace-gas voe concentrations resulting in emissions not protective of 
human health and the environment. 

Wastes with EPA codes not listed on RCRA Part A permit application. 

• Waste with equal to or more than 50 parts per million (ppm) (50 milligrams [mg] 
per liter [L]) polychlorinated biphenyls (PCB) 

Partis1:1late waste not solidified, stabilizeei, or sonsolieiateei 

25 The DOE has established 'NIPP VVAC that spesify the shemisal and physisal forms of TRU 
26 mi>Eed waste that will be assepted at the 'NIPP fasility. The 'NIPP 'NAG is implementeei by the 
21 DOE generator/storage sites thro1:1gh WAC waste sertification programs. The WIPP lNAC 
28 certification programs res1:1lt in controlled and sonsistent waste properties and final paskaging. 
29 

30 A waste stream profile will dessribe a CH TRU or RH TRU mi>Eed 'Naste stream destined for 
31 shipment to anei eiisposal at the WIPP fasility. Tl:ie waste stream profile summarizes important 
32 information about a partisular waste stream. E>Eamples of information sontained in a v.•aste 
33 stream profile are: 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• The generator's site name 

• A eiessription of the waste stream 

• Original generator of waste stream 

• The generator waste stream identifisation number 

• The eiesignateei Summary Category 
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• The date of 'NAG certification and the certification document title and date 
2 

3 

4 

5 

6 

7 

8 

9 

10 

• The waste characterization techniques used and the date 

• The data package cross reference numbers supporting the characterization 

• The EPA waste codes 

• 'Naste profile Certification signed by the manager of the generator site. 

11 These data will be provided for each waste stream prior to its acceptance for disposal at the 
12 'NIPP. The data on the form may be transmitted electronically, if a signature is on file for the 
13 ·naste certification. The waste profile form data will be transmitted for each shipment. 
14 

15 WIPP Project personnel will revievl Waste Stream Profile Forms (see Section C 1 c and 
1s Figure C 4) and data records to verify compliance with the restrictions on TRU mixed wastes for 
11 WIPP disposal. The '.OJaste Stream Profile Form includes a section requiring this waste 
18 generator to provide the data and documentation of l/VAC certification for the TRU mixed waste 
19 stream described on the form. WIPP personnel will also review shipping records (see 
20 Section C 5b) to verify that each container has been prepared under a '\/'JAG certified i:>rogram 
21 and in accordance •.vith this WAP. Waste characterization data must indicate the absence of 
22 unacceptable materials. 
23 

24 Generator site waste stream characterization will be subject to audit for compliance with this 
25 'NAP. Section C 5 further discusses WIPP facility waste screening acti•Jities. 
26 

21 lanitability, Reactivity. and Corrosivity 
28 

29 The WIPP facility will not accept waste that exhibits the characteristics of ignitability, reactivity, 
30 or corrosivity. The DOE ensures through administrative and operational procedures at the 
31 generator sites that TRU mixed waste received at the WIPP facility does not exhibit these 
32 characteristics. These characteristics are generally associated with liquid wastes or specific 
33 waste forms that may react violently. This WAP and the WAC, therefore, prohibit free liquids, 
34 explosives, compressed gases, oxidizers, and pyrophorics. 
35 

36 The TRU mixed waste received at the WIPP facility will not be aqueous or liquid, will not contain 
37 WAC-prohibited materials, and will be capable of being handled at standard temperatures and 
38 pressures without reaction to oxygen or water (see Table C-fl:3). The V\flPP WAC specifies that 
39 waste contain no free liquids and restricts the amount of residual liquid in a container to less 
40 than one percent of the volume of a container (one percent by volume). The WIPP facility will 
41 not accept containers holding waste that would be considered a liquid waste as defined in 
42 20 NMAC 4.1, Subpart I, §260.10. Every container holding waste with less than one percent free 
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1 liquids by volume must contain as little residual liquid as is reasonably achievable, and all 
2 internal containers (e.g., bottles and cans) must be well drained. 
3 

4 Additionally, TRU mixed waste cannot contain explosives, compressed gases, oxidizers, or 
5 nonradionuclide pyrophoric materials. (Waste generators have submitted information on waste 
6 streams based on known waste generation processes that indicate certain waste streams may 
1 have the potential for reactivity, ignitability, or corrosivity.) These characteristics must be 
8 eliminated prior to waste acceptance for disposal at the WIPP. 
9 

10 Before accepting a container holding TRU mixed waste, WIPP personnel will examine the 
11 R+R[@gj9Qllh¥l data records to verify that the container holds no unvented compressed gas 
12 containers and no greater than 90! 1 volume percent !~!lll:i}tP!Ym of residual liquid. If 
13 discrepancies or inconsistencies are detected during the R+R{!,gf!gf!pfij: data record review, 
14 WIPP personnel may review the R+Rfi9!!9[@\ppy video tape to verify that the observed physical 
15 form of the waste is consistent with the waste stream description provided by the generator and 
15 to ensure that no WAC-prohibited materials are present in the waste. Section C-5 includes a 
11 description of the waste verification process that the DOE intends to conduct prior to receiving 
18 a shipment at the WIPP. 
19 

20 The WIPP will manage TRU mixed waste in a manner that mitigates the buildup of explosive or 
21 flammable gases within the waste. Containers are vented through individual high-efficiency 
22 particulate air filters (HEPA-grade), allowing any gases that are generated by radiolytic 
23 processes within a waste container to escape, to prevent over pressurization. S.i$i\\gi.'OB.tfi.h 
24 !i:::211ili!!!ie:::!n::::eiti9::::1n:::mnie1r::::m::s'!inen':':111:1:c11;: ................................................................ . 
25 

25 Cempatibilitv 
27 

28 st1::=vvu2e fi.P:!!i~Y ~~::s~!~9n~p .. :~e, m!n~s! :9mm:::,9P..m~!i?~~,:wi~t~:: ll!rmt?rii ~,H;21ei11?!cyy 
29 §\m!i¥!!§:::::wi.1:::=:P:~n91ii9:::::,~~M:~s!:nmY::::P:91nt1!~::::~n2P..me~!!!!~~!!!==::tsr:::::!u:::~if!n!!::::s.!11!t!t11ImE'=: 
30 mii!e::::111111:::1eim11ttm1m::::~!l1rn::::1t~1111:::111:1:1iBn10:::i9t:::!nesma!tmH!tlmi::::l!e9:::1n 
31 ~f:!!Mt:m1m111:::2an1!:1~::1t1::'r?!l!!l~:•iti::rg,g:::11tC1miin1:::1,nt1m!11a:::eri!li~10::=1n::g1:::1111 
32 tt;:m;:::2µµ1111:N;;m~~omJ9~~:wt:~Q9::~tim:::F.m1::~e9!m~fi.!::~t1::mittP:s::r1tm~1unr.tJr.r1:::mi:::@§.ma1.t1111 
33 s~::m1#P.rrtg#:~t!lt!Mfl:l}\::::\1@!@v@m@::::@~:::1.1f: ;:::::1:B1lrn::::11P:1ns!!I@:m::emvt?1!::::!9s!tte:n@:1Hil!l!J.1:::1.11 
34 r!i!!~~::::1;::!n!~:=:i.n!ilrM 
35 

36 x1::::1:mi9t!:f11::::1a1Bm1::::9f,::~n1::::m11::::r~e1l1~1l::::111:1!::::!n1m!:::::1s11111::::~1::::!91t1:m::::mm1111111 
37 11t1t1111::2t:m1ttn1w:::1aeeme111m::11tlJ:1111:11n~!~rn1:11:enn1t:~::111e.111::t1:=m11:Ma1111:m11 
38 jf:iUl@!"9':'!e:::r~msv~1f:f:nm:::rn!!mP!t!~m1;:::::=1~~v::m21~¥~11f:::!tr1:m1:::s~11ij,~e::::1a::m11::w.-1e~m1t 
39 ?1:::9:P:mP:itf:e!!:::::sr:::ni~!:==e~~m::·ttm111,:ta::,r~ms¥~:'dn~mii~11~r~!11rii1J:=:§~::=1~~ee~~·::~e::=1?11~ 
40 

41 ~":::::egmql:tt~m:=::::1mie1~,r::::,g;::,:::s:~in~n=::::gr1P!(!ii:::::::~o1::::::e21!n9!J:::::nm::::::t1t:nimin:::9i!!:!t!~fi:1111:::::1t11 
42 ~nvr:t9nm~nt=:11:::9y1::!9:=1m11msn~i:fer:1¥'=&:§::r1m:::~n!)ttl!~~=::999!1!m!ti:::!n~e:in1::1.m::111m;::mrn! 
43 rrm1!:::!~rtrJ.s1n~::'@o¥!r enmint!MP!m91t1!9.qj::::1~ms11,::=2f:::gg::::~M\lf~H~:;mrne:4P!P:!t!:::~;::::§gg;§p1:~1.l: 
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!ii!i :1!riim~::::»1m::m1~21:si~~~::92~!!::'1:]?irmi::::1921~9!ti!tt::n!i-'::§!!?::::~µ2111i?:::1n2I!ie111s: 
~ePwx~1:~1~::9§:P:~~~?:':9n·Jnl·pni§,l~': ~n9:::1n~rrH9~Ei:>.to/P:~!~~::~mm~@vli!~; 

28 the res1::1lts sf the analysis. 
29 

30 

31 

32 

33 

34 streams have been identified fur disposal at the \IVIPP. 
35 

36 

37 

38 reaction, er initiate a fire er explesion. TherefGre, the WIPP 'A'ill assept enly those waste streams 
39 dessribed in this WAP. 
40 

41 
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P:r9!~!µr~ 

42 D§~:::µ~1t~ij~::::~!::::p,tsv1g~9::t§r::1#H~11:::11.1~•1=1f:r!im::::P.n9r:::~e::Jt'=:::1.9§1:p,~~r!9i:It?t'ai!e1~~iu::@1:::~~! 
43 mee;:.::: ±11~1(:1f.f:~t~::=?!tE.'!!m=;=gt&n~~u29rn:tH11~1:::¥.1,~!~:::~~M~r1.m~m .. 9::::tsr:==~11n:==:Hm~M11!im!: 
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tif!me12tt1~2r:=:::~rn!:1&w::::m!i~fl::M~1it~:::§m~1m=::::e~12m12:::::::9g,::::ln!==:::1rrm::::::::mmi=:,,~mr1:::::!111~ 
m11t~t!P:m!t:::11a!s~r::1w!J!::J'!!!P:i:'!!g::':=:,t1!PP:m!!Pt~:::::::t9r:::::Ja~:::::::iiv1~:::1P:f]::!a!?P:!m9:::::::11em:1x111 
§ll!P:n:::mt9!):::~9tv!!f.¥na1~:::§iin::::i9:m~i~n1r:]1:i!:J?~~n:=::amPlm~::::gn.9~r:::~1rn1111mmm11::::-.11: 
~11::::~o::::il!P:r21ns1::::11!ti::]n!1::::!l1m:;::::::!l'=!RHR11mtiitinm'!9n:fi~i!i::::mi!!:::::1n!i9!!~::::~1Mi::::!iiine::::et 
9i!!i!ei!!i:::mi!!:i!!~~: 

11 §!o~t@t9r:::!~!trl!!f::::!!lim::::991~m~r!gA1.!§0:::1m ... !?!:t~4.P:J!@:::~en:~µ9~~::!9r,:::q9m:P:!:!ifi§~f~~1J~tj,~i 
12 W:{-lfN::::,:~m!eo::::sre::::t!mn!r.,9~!94!§!~ ~!:11m:::~e1~~¥.:,1111:='i!m!m~ns::::im!Hl!f 
13 

14 C-1 c Waste-Generating Processes 
15 

15 Waste-Generating Processes At DOE Generator Facilities 
17 

18 TRU mixed waste generated at DOE sites results from specific processes and activities that are 
19 well-defined and well-controlled, enabling the DOE to characterize waste streams on the basis 
20 of knowledge of the process and the raw materials used. Examples of the major types of 
21 operations that generate TRU mixed waste include: 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• Production of Nuclear Products-Production of nuclear products includes reactor 
operation, radionuclide separation/finishing, and weapons fabrication and 
manufacturing. The majority of the TRU mixed waste was generated by weapons 
fabrication and radionuclide separation/finishing processes. More specifically, 
wastes consist of residues from chemical processes, air and liquid filtration, casting, 
machining, cleaning, product quality sampling, analytical activities, and 
maintenance and refurbishment of equipment and facilities. 

• Plutonium Recovery-Plutonium recovery wastes are residues from the recovery 
of valuable plutonium-contaminated molds, metals, glass, plastics, rags, salts used 
in electrorefining, precipitates, firebrick, soot, and filters. 

• Research and Development (R&D)-R&D projects include a variety of hot cell or 
glovebox activities that often simulate full-scale operations described above, 
producing similar TRU mixed wastes. Other types of R&D projects include 
metallurgical research, actinide separations, process demonstrations, and chemical 
and physical properties determinations. 

• Decontamination and Decommissioning tml:l)--Facilities and equipment that are 
no longer needed or usable are decontami·n·ated and decommissioned, resulting in 
TRU mixed wastes consisting of scrap materials, cleaning agents, tools, piping, 
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2 

3 

4 

filters, Plexiglas™, gloveboxes, concrete rubble, asphalt, cinder blocks, and other 
building materials. This is expected to be the largest category by volume of TRU 
mixed waste to be generated in the future. 

5 Waste-Generating Processes at the WIPP Facility 
6 

7 Nonradioactive hazardous waste generated at the WIPP facility is characterized, placed in 
8 containers, and ~!mfirin!¥ stored~:Jn'!999t9!me!:~!tn::1g:§n§:iji?.fis~(for periods of less than 
9 90 days) until it is transported off site for treatment and/or disposal at a permitted facility. This 

10 waste generation and accumulation activity, which is performed in compliance with 20 NMAC 4.1, 
11 Subpart Ill, is not subject to RCRA permitting requirements and, as such, is not addressed in this 
12 permit application. 
13 

14 Written procedures that direct normal operations at the WIPP facility will be implemented to 
15 minimize the possibility of generating new TRU mixed waste. For this reason, any TRU mixed 
16 waste generated through normal waste handling operations will be derived from the waste 
11 received from the off-site generator. Throughout this application, site-generated waste that is 
10 derived from waste generated at an off-site facility is referred to as derived waste. Because 
19 derived wastes can contain only those RCRA-regulated materials present in the waste from 
20 which they were derived, no additional characterization of the derived waste is proposed for 
21 characterization purposes. In other words, the generator's characterization data and knowledge 
22 of the processes at the WIPP facility will be used to identify and characterize containers of 

n derivedwa~e. ~·~~lllifilll~llR•l~~lli~l~llEl~l~IPheYld 
24 additional RCRA regYlated chemical censtitYents be introdYced throYgh necessity by 
25 decontamination er cleanYp activities, this nevi waste weYld be characterized Ysing acceptable 
25 knowledge of the chemical contaminants and disposed of in an YndergroYnd 1=1\1\/MU if it meets 
21 'A'AP reEJYirements. 
28 

29 Hazardous constituents within the waste containers are known and have been determined to be 
30 acceptable for disposal at the WIPP facility. Therefore if a spill, breach, or other type of release 
31 of TRU mixed waste from a container occurs, the waste generated during cleanup would be 
32 managed as derived waste. (Section D 9a[2][b] of this permit application provides a description 
33 of derived 'Naste management.) Anticipated sources of derived waste during the Disposal Phase 
34 include: 
35 

36 • Swipes used to detect external radioactive contamination during receipt inspection 
37 and other radiological checks 
38 

39 

40 

41 

• Any TRU mixed waste generated through nonroutine events, such as the cleanup 
of spills 

42 C-1d Description of HWMUs 
43 
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1 The underground HWMUs (defined as waste panels) are 2, 150 ft (655 m) beneath the surface, 
2 in the WIPP underground and are designated as Panels 1 through 319· Each waste panel(: 
3 9i~jggii;i,!i~§''l@9!1~'i1 !g[gygp'·~~ consists of seven parallel rooms and two access drifts. Each 
4 room is approximately 300 ft (91 m) long, 33 ft (10 m) wide, and 13 ft (4 m) high. Access drifts 
5 connect the rooms and have the same cross section. e@n~!~::~:=:@mUjg::=:~t~!fa!n~::~~~e~l,l,::@ri~ 
6 ~~§!:=9r1=rt!:wmenJn"¥:::p~ µ~~9 a¥,m~:gg5:::r9r=:=w@m1::a~e9~@1:::~rHtm:::14~9t~~J:The DOE intends 
1 to operate the WIPP facility in a manner that minimizes the number of 499!rit9MO!iiHWMUs that 
8 are open at any one time, as discussed in §!!!P§f:E!iri'=i§f:Chai;ter B. 
9 

10 The underground HWMUs provide room for 6.2 million Gl:WiG-ft~ (175,600 ~m~ of TRU mixed 
11 waste, of which no more than 250,000 GYbis-tr (7,080 GYbis-m~) may be for RH TRU mixed 
12 waste. The remainder will be for CH TRU mixed waste. RH TRU mixed waste canisters will be 
13 inserted into horizontal holes bored into the walls of the HWMUs. The CH TRU mixed waste 
14 packages will fill the remaining HWMU space exclusive of the panel closures. 
15 

16 In addition, an HWMU has been designated in the WHB where waste receiving and handling 
11 activities occur prior to underground emplacement. 
18 

19 Cha13ter D!@Mf99ii!il!! of this permit application discusses HWMUs in more detail. 
20 

21 C-2 Waste Parameters 
22 

23 This section discusses the parameters of interest for waste characterization purposes, and the 
24 rationale for their selection. 
25 

25 C-2a Selecting Waste Analysis Parameters 
27 

28 The following analytes were selected as parameters of interest: 
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

• Toxicity characteristic contaminants listed in 20 NMAC 4.1, Subpart II, §261.24, 
Table 1 (excluding pesticides) 

• F-listed solvents (F001, F002, F003, F004, FOOS) found in 20 NMAC 4.1, Subpart I, 
§261.31, and known to be used at DOE sites 

• Hazardous constituents included in 20 NMAC 4.1, Subpart II, §261 Appendix VIII, 

and reported t§!iii!!Illi!:::::·:::ef!liiRf:::fi'.in!i!itlii~!::::::I~titlf!IIIi!by DOE TRU waste 
generator/storage sites 

40 Table C-42-summarizes the parameters of interest and the rationale for including each parameter 
41 in this WAP. The next sections provide a description of the acceptable methods to evaluate 
42 these parameters for each waste Summary Category:iii§f:i9P· 
43 
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3 Parameters were selected for characterization based on data needed to address regulatory 
4 requirements for accepting TRU mixed waste at the WIPP miscellaneous-unit disposal facility. 
5 

6 RA examination will be used to classify radionuclide content and radioactivity levels so that a 
1 determination can be made as to whether or not the waste meets the definition of TRU or low-
8 level waste. (Only TRU waste will be received at the WIPP for disposal.) RA will also be 
9 employed to verify that the waste meets applicable shipping criteria. 

10 

11 .B~f.!~99r!@!;lyR+R will be used to examine containerized waste to ascertain its physical form. 
12 This technique can detect free liquids in the waste, which are prohibited for WIPP disposal. 
13 !!@9~99t~ppyR+R will also be able to confirm that the physical form of the waste matches its 
14 waste stream description (i.e. Homogeneous Solids, Soil/Gravel, or Debris Waste [including 
15 uncategorized metals]) and Special vvaste. tt~P~PPY~lii!·fPtffl:q9~~:m9~mlt9htH.~W:i.i:~i1ti~~m@m 
16 91~\?r!et!en1::~ni:::n1~!w~!1::::ei:::9~~1t1:n!~~?,.~!=:11w~tn~r,wi~m::~~r!!n1':!0P.::!~!ismg8:t11~::p1i,1mo.1!¥· 
11 ~~~~ts99~:::~m~J999~!:tn!U!t~!fl!nn~r~ntm~:::!n~:n~1rn&!.~~~]mr11md!~§~nmi:n~i::::: rn:r!e!B.mt!ntt 
18 ~mm!!~~'=!~n!t·~n!::ri~~! 9P:!!:::n9t,m~~9nm11!w@!!!:,~m~,~m:::~!!sr!e~~sn:;:::~::n?nP$9n!9trrmna:::r!e9n 
19 :1M:::t1::,2a1a11ite:::@n1::~m!:~ne9ni!~inP:i:i~H!:::§!:::rti9!'.!f!·;:::::::m1;:;,e1te1r::11§tt:f.§M'.!!m::!i!lam1:n~ 
20 1m1~:=f1itll!n!e*::'~t1's§11t~1::9~~!t994~::n~t~:':99e!!::w1=!!:::9!::'1~1111@e:;::::@he::!ti!:r~191,1!12h:}1!~ 
21 ?i.M9Pciiltnenteq~ 
22 

23 Headspace-gas samples are used to determine the concentrations of VOCs in the void volume 
24 of waste containers. Average§!!if measured heads pace VOC concentrations in waste containers 
25 received at the WIPP site will be compared annually with those used in this permit application's 
2s environmental pathway analysis demonstration to ensure no associated adverse worker or 
21 public-health impacts. This will confirm that VOC monitoring of facility emissions is not 
28 necessary to protect worker or public health at the WIPP site. Average concentrations of VOCs 
29 in headspace gas have been used in this permit application's environmental pathway analysis 
30 to demonstrate that concentrations of VOCs emitted from containers emplaced at the WIPP will 
31 be well below health-based limits (headspace gas analytical data is provided in Appendix C-2). 
32 

33 For wastes that can be representatively sampled (Homogeneous Solids and Soil/Gravel Wastes), 
34 the total concentrations of PCBs, VOCs, semivolatile organic compounds (SVOCs), and metals 

35 win be determined ana1ytica11y. er;:::rt?riiln~i~i¥!,:,iiiP:li!i!i::91fiml:J~t::gg:::§M~&:::f1i;:11::iill~il:!::@i 
36 i::i:::1111?1~::91::1::9nj,v~1~::91:e2J1:::~~1s.:rn'111t1'::1~!i~:::J~12an';::;1rsYmm1~1r.1:::11J11:::21n:l1!::11em11 
37 !s:::1m1:P:~t:::~111:::1vmBi::::pfiP~el'::9~:1~rn!nl!l:ili:)§(::n91~it Homogenous Solid \!Vaste in a salt 
38 matrix cannot readily be representatively sampled. ror this type of waste, knowledge of the 
39 electrorefining processes that generate the waste indicates the use of high temperature molten 
40 salt extraction methods is adeeiuate to demonstrate that organic constituents are not present in 
41 the salt waste. This waste form is exempted from the reeiuirement to determine VOC ana SVOC 
42 consentrations. Transformer oils containing PCBs have been identified in a limited number of 
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1 waste streams included in the final waste form of organic sludges. These 1.vill also be examined 
2 for PCBs. 
3 

4 Data on total concentration will be used to quantify the types and quantities of RCRA-regulated 
5 listed hazardous constituents, and to determine whether the waste exhibits a toxicity 
6 characteristic under 20 NMAC 4.1, Subpart II. Toxicity characteristic will be determined using 
7 total extraction analysis rather than the toxicity characteristic leaching procedure::::::{fill~), 
8 because total concentrations are more useful for repository compliance demonstrations:!" ·and 
9 result in more conservative estimates of toxicity characteristics. (Appendix C3 discusses 

10 comparability of the results of these two methods.) 
11 

12 Documented acceptable knowledge will be used to determine the types and quantities of listed 
13 and toxicity characteristic ef..-waste that cannot be directly sampled f,t,r::::~l!!:mni~@l:::::§i::::~i!~~ 
14 §f:ii"Qi~- Debris waste is heterogeneous, having waste forms that cannot be representatively 
15 sampled (e.g. personal protective equipment, leaded rubber gloves, manufactured goods, and 

16 natural geologic material). !n:::Jni!~il@!!llP~!i!§~~!rn!!9~t•9m::::~gp!(!IU11!i::i~::::y§gq:::~q:J:m~U!J! 
17 n111t?.9m~:11.~t!::a!~!tm~m!Y:P:n~::1~J.9ar!e~1::@niu1!!s!P!~::1.1.1:'~ime!J.ma::1nm!~::m~s:19:t1~• 
18 ~lm:::!ele~!§~!.t~nB:eS.1::':9!:~9~ 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Table C-g summarizes the parameters, methods, and rationales for stored and newly generated 
CH wastes according to their waste forms. 

30 C-3 Characterization Procedures~~~~~19iil! and Frequency 
31 

32 sim~t@!9tt!~Pli~I:~~l~:'::wI~MlP!i!tl.!~~tf#:li':::1j.!f.~lKJ§tEl!Il~t!::::~!l(l!ml!!!~!l!!IDSil~:::::v@Rilllf 
33 ~!!Mn1sµ1~;:::wn•~~•!!n:I!!Mnisµ~:1n2191~;::1~1P1~1~:ime1t1ss!~::r1.e~P:sr1.e11vrmii!lla11 
34 a11'::1!me!!ms:::!ns:::~a1W!!ii:::!me:::nemei~n!e11:::B:~9.1::::as:::§,e!!!t.i.rg1r:1!me1!ms:::!ns:::~a1m;:::::::: 
35 

36 

37 

38 

39 
40 
41 
42 
43 

2According to 20 NMAC 4.1, Subpart IX, §270.14(b}(2}, the infonnation needed regarding the chemical and physical 
properties is " ... all the infonnation which must be known to treat, store, or dispose of the wastes properly in 
accordance with Part 264 [Subpart V]." For a mined geological repository such as the WIPP, totals analyses provides 
such infonnation needed to model the solubility and transport of waste and waste constituents over the long-tenn. 
For this reason the DOE has opted to require totals analyses of representative samples of homogeneous waste. 
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Waste characterization procedures and sampling activities will differ for retrievably stored waste 
2 and newly generated waste. The waste characterization data collection design for each type of 
3 waste is described in this sectiontQii!B!!il!OQ;,;§!9~199!· Figures C-1 and C-2 summarize the 
4 waste characterization data collection design for newly generated and retrievably stored waste, 
5 respectively. Table C-~ provides a summary of hazardous waste characterization requirements 
6 for all TRU mixed waste by waste characterization parameter. 
7 

8 819~ Newly Generated Waste 
9 

10 1Jj~;RQ~7[!gJJ!i!~9i999~tlJ9gtj~·!g·rjNewly generated wastes will be documented and verified 
11 ~nt'1=~:1lmi:lllfl9~:1J@t!i!P:t!as they are generated to provide acceptable knowledge of waste. Newly 
12 generated mixed waste characterization will begin with verification that processes generating the 
13 waste have operated within established written procedures. Waste containers will be classified 
14 into waste stream$ categories using acceptable knowledge. The waste stream type (ey waste 
15 matrh< 13arameter category) and 'Naste material weights must ee documented and verified prior 
16 to or during •.vaste packaging operations. Verification pf,Pl1¥~!9!!,!9rm! is accomplished @mir@DS: 
11 !fHi!itt~iJi::::et9~9.iY:I: by a second 9P:@t!!9r;:::::}!n9H~:::~s!i!!!m:::~:!m@q::::19::::Jn@::'ir~!!i!~lmlij,§]9U~ni: 
18 M:{l9i1i!:n!::mam. independent operator reviewing the contents of the waste container to ensure 
19 correct reporting. The subsequent waste characterization procedures depend on the assigned 
20 final waste form and Summary Category Group. 
21 

22 All newly generated waste containers will undergo headspace-gas analysis for ~VOC 
23 concentrations. If the DOE believes the frequency can be reduced in the future based on trends 
24 in analytical results, it may provide technical arguments for such a reduction and such a permit 
25 modification. The headspace gas sampling method is provided in Appendix C4i\:iii§i!B!;iillr!i· 
26 

21 Newly generated waste streams of homogeneous solids and soils/gravel wastes will be randomly 
28 sampled once per year or once per process batch. Sampling frequency of once per year is only 
29 allowed if a process has operated within established bounds. Otherwise, the waste must be 
30 considered as process batches. 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 
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5 ffl91rn99~q~g9§§9"m~§~qg§g!ll91¥~!1Waste$will be sampled for hazardous '.vaste constituents 
6 and toxicity characteristic. Samples will be ~g:analyzed for total VOCs, SVOCs, and metals. 
7 The toxici!.Y characteristic~ of these waste streams will be determined using total analysis of 
8 toxicity characteristic §qp~~im!ni,g§parameteFS, rather than the ill?i!ffltoxicity characteristic 
9 leaching procedure. The sampling methods for homogeneous solids and soil/gravel wastes is 

1 o provided in Appendix C4, 9!8"9f!i:·i!t4-
11 

12 Acce~able knowledge0llll!~l~Jl§l§~~~~dilll~~!~~i~llli~l~I 
13 +s~r~ used to characterized-debris waste. m!~n~~~!~:!~=p@!f.!i.9:9.@rn~r!!~l=.=pyprq@~~~@~:=:~~i!::@{i 
14 CJ.tivia 2¥::wt:iftin==§m~e¥t#i;= !9i ~i~!~ =s~P.~i~ie =ev::~n!fiet2~1!::==9iin'.f:i:.=sn~ri~ir!im:==::9y 
15 ~q~p~§!g~9¥f!~99~* Knowledge of the original organics and metals used and the operations 
16 that generate these 'Nasta streams is sufficient to determine if the waste has a taxicity 
11 characteristic or hazardous constituents or PCBs. RCRA-regulated metals present in debris 
18 wastes are associated with specific waste materials (i.e., lead in leaded rubber gloves, leaded 
19 glass, or lead shielding). Knowledge of the materials and operations that generated these waste 
20 streams is sufficienty!~9 to determine if they contain RCRA-regulated metals. TheFOfE>FO, 
21 acceptable knowledge is sufficient for characterization of debris waste and special waste. 

22 ~P:~ei~P:!~:Jm9w1=1es~::1~::f4:qn~~:~*P:J.~~111i1::::!r(:§@m!~M1::::wm1::::~tm::=mP:ll~tmm:=:9~~ 
23 

24 @m9 ~~!~~y~~li::stored Waste 
25 

25 All retrievably stored waste containers will be examined using R+Rif~9~99r~P:UY or visual 
21 examination to confirm the i?ni~!~lil!~t~,!9rmiiB~lifM~'tlx::=:Q9!if.9r99P:11!:1i\fa:yt,fifiiI:ln~ 
28 ~9~~02~ 2~·Pmn~Ri~~9-:!~~m~n~n9:!9:-agt~li!~ m~:w~~t~t::9Riim~n~!!f9n::t~inn:19.9~!::::!9:::9j,'iP:§!g 
29 9ii~9,9n::~n~=§9ro.mm,::&i.t~9!¥lsr9AP:!i(!s!@§~!Ql\:::f§f\QQQ~::19gg9~;physica1 torm of container 
30 contents, the appropriate waste stream identification, ana the assignment of final waste form. 
31 i!P:~er#u~!:2:::r1:m~vi9!¥::.~t9ri9:~im~um11::m1::"!1!m9!ie::@i:,:n1w!1::9,fif~:tie::11!ti::i9:@m1mti~1: 
32 J?IY!!!!l\i\iw!!t.i:::::r;gg; The applicability of R!!!t@•@iil!!r9§f!p§ytRTR for this purpose is 
33 detailed in Appendix CS. 
34 

35 m9:::~2mnr1::,tt1:::rii9!\!,:er:ti9,19srienv~:::i::.1!1:!11n!lµ¥::i!!ie!ie:::rnimi!t::21:a:::299!mn!r:::P1iiBn 
36 WJ~:::91:=¥!~'.9~ti:::i*il!rm9::::91:::9p,g1JJ:ns:::,11n~~!m!r!:::~a:=:1n~11~t::m~~1:::191t1n~1m~::11t11t1e1Hm~1: 
37 fi\!911:;11P:J11mHm2~~'::p,19y99,:91r,:i:.:291,mn~:1~1:1p,1rt11J::m~~t:~9::~~ill"!i!!i:~1:1~2,::11::m,111:t 
38 §t::j!nlm~:=::!9::§1tvt~M!~!¥a~~@=mi:n~s8 
39 

40 All retrievably stored containers will undergo headspace gas analysis for tetal-VOC 
41 concentrations. If the DOI!! believes the frequency can be reduced in the futuFO based on tFOnes 
42 in analytical results, it may provide technical arguments for such a reduction and such a permit 
43 modification. The headspace gas sampling method is provided in Appendix c4:;::::§ilmtUHJ.i\ii 
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1 A statistically selected number of the container population will be visually examined by opening 
2 containers to inspect waste contents to verify RTR results. F'or waste containers selected for 
3 visual examination, the inner layers of confinement (e.g., void volumes within inner layers of 
4 plastic bagging) will undergo the same void volume gas sampling and analysis as performed for 
5 headspace gases providing there is at least 0.3 gal (1 L) of headspace available. 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

A statistically selected portion of homogeneous solids and soil/gravel wastes will be sampled $6.o 

~J~~~~:. t===1llllS8i•l'~Bii:~ 
~1utt.t~vi!f:w~i!!l::::~1:::::!~r~n~::::n1~tn~~!:: m~mc18~::=:·9~@9]:~9:]!!~1t:::::111~Mlln~~n!l::::::~1t:;:::11M~~ 
~li.roin!Y9n~:::,:mm!=::mi,h§9H~:,,!!9: !t!~!49~::!tt:l/P~ti9~l!Q§rn§~mf:9rj]Q§t~s' Samples will be 
analyzed for total VOGs, SVOGs, and metals. The sampling methods for these wastes are 

provided in Appendix C4\:::~~~!9n:::l81?f:. 

In the process of performing organic analyses, nontarget compounds may be identified. These 
compounds will be reported as tentatively identified compounds (TIC). The specific procedures 
for positive TIC identification are implemented by the QAPP. Positively identified TICs listed in 
20 NMAC 4.1, Subpart V, 264, Appendix IX,3 will be added to the target analyte list if they are 
detected in 25 percent of all samples from a given waste stream (waste matrix parameter 

!!iE:=::=~=~~= 
and a permit modification will be submitted adding these constituents~=:::!=:=:n!f!~RI· 

25 The toxicity characteristic of homogeneous solids and soil/gravel wastes will be determined using 
26 total analysis of toxicity characteristic parameters, rather than the toxicity characteristic leaching 
21 procedure (TCLP}. The mean concentration of hazardous constituents must bet91.~i 
28 g~~ril!!li~ts:::!IP.~ii!n~n~~E~m calculated for each waste stream such that it can be reported 
29 with an upper 90 percent confidence limit (UCL90). The UCLgo values for the mean measured 
30 contaminant concentrations in a waste stream will be compared to the specified regulatory levels 
31 in 20 NMAC 4.1, Subpart II, expressed as total values, to determine if the waste stream exhibits 
32 a toxicity characteristic. A comparison of total analyses and TCLP analyses is presented in 

33 Appendix c3~::::1me:::1t:mJ.~J.§t(:pf=:m~MYMi~ri:!!:::~gmgf.t~9:JrtMr~!llMm:::M§*I!~m!§!'l:M!r!· 
34 

35 Representativeness of containers selected for RTRfigjggfippj: or visual examination and waste 
36 subjected to homogeneous solids and soil/gravel sampling and analysis will be validated through 
37 documentation that true random samples were collected. (Because representativeness is a 
38 quality characteristic that expresses the degree to which a sample or group of samples represent 
39 the population being studied, the random sampling of waste streams ensures 
40 representativeness.) The specific numerical statistical selection procedure to determine the 
41 container population to be sampled is implemented by the QAPP. 

42 3 Appendix IX of 264 was chosen because analytical methods have been established for all analytes listed. 
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Acceptable knowledge; ~1,91)9 ».'!!!1:·t~9.!9st~P:nY-1:·~99 n~~P~P~~-9~~,~~mi?~!ns::~n9··~n~!Y!!~; is 
used to characterizes. debris waste. Knowledge of the original organics and metals used and 
the operations that generated these waste streams is sufficient to determine if tho waste has a 
toxicity characteristic or hazardous constituents or PCBs. RCRA-regulated metals present in 
debris wastes are associated with specific waste materials (i.e., lead in leaded rubber gloves, 
leaded glass, or lead shielding). Knowledge of the materials and operations that generated 
these waste streams is sufficientg~~g to determine if they contain RCRA-regulated metals. 
Therefore, acceptable knowledge is sufficient for characterization of debris. ~ii!R~!Piii 

im&mie9.!::.!~:::r9r11r:::!IP!.~!n~s:.1n::::§!m!eo:·::211::::ijn9:::iP.sin9!x::e~i 

Specific waste analysis methods are documented in the Methods Manual. Alternative methods 

~~,~~:i,~~-,~~1j~~~t~i~1:·~~rp:~~q~~.~~-~i~~i.~:~z~r Ap~~-~!~,~~°;~~~~!~•r!~~~~::~@;~~~~1~!r 
method quality assurance objectives (QAO) ~99 analytical procedures. Site-specific sampling 
and analysis activities will be documented in the QAPjP prepared by the generator sites, and 
approved by the WIPP facility personnel. 

18 C Ja Special Characterization Reauirements for TRU Mixed '.0Jasto 
19 

20 The '.'VIPP facility v.·ill assure adequate •11aste characterization by generator sites sending TRU 
21 mixed waste to tt:ie WIPP for disposal through appropriate data validation and usability and 
22 reporting controls. Those steps will bo taken at three program levels: 1) the data generation 
23 level, 2) the site project level; and J) the VVIPP facility level. These controls are implemented 
24 by the QAPP, by the site prepared quality assurance project plans, and by site specific standard 
25 operating procedures. These programs are subject to WIPP facility approval and audit to assure 
26 that the DOE waste characterization program meets the conditions specified in this 'NAP. TJ:ie 
27 following general requirements must be met by the generator characterization programs: 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• Ravi data must be reported accurately in a standard format, must be maintained 
in permanent files, and must be traceable. 

• All data must receive an independent tect:inical review. 

• All raw data must have the signatures of a tect:inical supervisor and a QA officer 
before release. 

• Generator sites will be responsible for data validation and verification of waste 
characterization for each container and the data must be documented by release 
signatures from the site project manager and the site QA officer. 

• The WIPP facility is responsible for assuring verification of data packages and will 
notify the originating site in writing of the acceptance status of the data. 
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C db Quality Assurance Sampling and Analysis Requirements 

3 The DOE operates a QNQC program to ensure and maintain the integrity of data, documents, 
4 and information associated with the management of TRU mixed waste. The follo•Ning waste 
5 characterization acti•1ities are described within this subsection: Q,AJQC control procedures, data 
s quality objectives, data generation, data transmittal, data verification, and records management. 
7 

8 QNQC Control Procedures 
9 

1 o \'Vasts characterization QJ\JQG ensures that the characterization data obtained at generator sites 
11 are suitable for regulatory compliance purposes. The \AAPP facility implements stringent a.we 
12 over the generation, transmittal, and i.1erification of data from waste characterization 
13 determinations. In addition, the WIPP facility extends QNQC practices to the management of 
14 all records associated with waste shipment screening determinations. 
15 

1 s Data Quality Objectives 
17 

18 As previously described, the 'Naste characterization data obtaineEi through this WAP 
19 implementation will be useEi to ensure that the WIPP facility meets regulatory requirements with 
20 regarEi to both regulatory compliance anEi to ensure that all y,•astes are properly manageEi Eiuring 
21 the Disposal Phase. The data quality objectives (DQO) establisheEi for this plan are 
22 implementeEi by the QAPP. They are EiesigneEi to aEiEiress the specif.is waste characterization 
23 parameters that will be evaluateEi. To satisfy the RCRA regulatory compliance requirements, the 
24 following DQOs have been establisheEi: 
25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• RaEiiography 

To verify the TRU waste streams by waste matrix parameters for purposes 
of physical waste form identification anEi Eietermination of sampling anEi 
analytical requirements 

Visual Examinati<m 

To verify waste matrix parameter classification at an UC~ with a 
reasonable level of certainty 

• Gas sampling ana analysis 

To quantify the concentrations of VOC constituents in the total waste 
inventory to support a Eiemonstration that voes will not migrate threugl:i the 
air beyonEi the WIPP L'NA bounEiary in concentrations greater than the e?A 
EietermineEi health baseEi limits Eiuring tl:ie WIPP Eiisposal phase 
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1 

2 

• Total Analysis of Flomogenous solids and soil/gravel 

3 

4 

5 

6 

7 

8 

9 

10 

11 Data Generation 
12 

To compare UC~ values for tho mean measured contaminant 
concentrations in a waste stream with specified toxicity characteristic levels 
in 20 NMAC 4.1, 

To report the average concentration of hazardous constituents in a waste 
stream, as specified in 20 f>JMAC 2.1, Subpart II, §261, Appendix VIII, with 
a QO percent confidence interval. 

13 Tho DOE's waste characterization program implements programmatic QA requirements in 
14 Chapter 1.0 of SVV 846 (EPA, 1986) through QAPjP review and approval authority f.or each 
15 generator site. Tho generator site QAPjPs are in turn controlled by tho QAPP. Tho QAPP 
16 implements the specific requirements for all QAPjPs, including DQOs; QA objectives; sampling 
11 procedures; sample custody procedures; calibration procedures and frequencies; analytical 
18 procedures; data reduction, validation, and reporting requirements; internal QC chocks and 
19 frequencies; porf.ormance and system audits and frequencies; preventive maintenance; 
20 procedures for assessing data quality; and procedures f.or corrective actions. 
21 

22 A standardized format 'Nill be used by each generator for reporting ·.vasts characterization data 
23 as implemented by their QAPjP. The generator site must prepare data packages to meet the 
24 requirements of Q,l\PjPs. All generator site QAPjPs are reviewed and approved by the 'NIPP 
25 facility personnel (See Appendix C 7). 
26 

21 Tho \'VIPP facility personnel will perform al:ldits of tho generator site waste characterization 
28 programs to verify that site sampling, data collection, data validation and reporting practices will 
29 meet data quality objecfr;os in this V'/AP. Tho primary functions of those audits are to review 
30 data packages prepared by the generator sites that demonstrate adherence to the requirements 
31 of this 1/VAP implemented by tho QAPP and to confirm tho characteri;mtion program acti•;itios at 
32 the generator sites and assure adherence to the written, approved characterization program (as 
33 required by their QAPjPs). Those audits, relative to RCRA compliance, ensure that 
34 implementation of the QAPjPs is consistent with tho intent of tho requirements of the QAPP and 
35 this \'VAP. 
36 

37 The DOE further requires all analytical laboratories analyzing 'NIPP waste characterization 
38 samples f.or the generator sites to ha•;o established, e:locumontee:I QA/QC programs. The DOE 
39 annl:lally audits these laboratories and their Q,AJQC programs as part of their participation in the 
40 laboratory porf.ormanco program. 
41 

42 Data Transmittal 
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The DOE/CAO, threugh the QAPP and generator site QAPjPs, controls all aspects of waste 
2 characterization data transmittal. Data reports document the analytical results from all of the 
3 required characterization analyses and contain the characterization data plus documentation of 
4 required QNQC activities associated with the sampling and analyses. The QAPP implements 
5 requirements for maintaining the integrity of the data in data reports by requiring data validation 
6 at both the data generation level and the generator site project level before the data are 
7 transmitted to the 'NIPP facility. 
8 

9 Data will be transmitted by hard copy from the data generation level to the generator site TRU 
10 mixed •.vasts characterization project level. Transmitted data will include testing, sampling, and 
11 analytical data reports and data review checklists on forms approved under the generator sites 
12 Q,A,PjP. Testing, sampling and analytical data will be reported for each waste container. These 
13 data may be reported electronically if accompanied with appropriate signatures (See Section 
14 C Ja). Summarized characterization information will be reported on a waste stream basis and 
15 transmitted by hard copy to the WIPP facility personnel when reql:lested. Hard copy data 
15 packages will include site name, program identification, waste container numbers, release 
17 signatures from the generator site manager and QA officer and a concise narrative summarizing 
18 the results of the site project level review. The report will briefly describe any problems or 
19 noteworthy observations (eg. nonconformance reports, operational variances). 
20 

21 Once a waste stream is fully characterized, the site project manager will also submit to the 'NIPP 
22 facility a summary of the waste stream information and reconciliation with DQOs. Based on this 
23 summary, the generator site project manager will complete a Waste Stream Profile Form 
24 (Figure C 4 ). This will be used as the basis for acceptance of waste characterization information 
25 on wastes to be disposed of at the V\tlPP. 
26 

21 Data Verification 
28 

29 Data verification will authenticate the waste characterization data are properly reported •11ith 
30 characterized waste containers shipped to the WIPP from generator sites. Data re>.'iew, validation 
31 and verification procedures by generator sites are implemented by the QAPP to assure that 100 
32 percent of the data reported has received an independent technical review to assure that data 
33 generation and reduction were conducted in a technically correct manner, calculations have been 
34 verified as correct, and all 1Jariances from accepted analytical methods (appropriate to the waste 
35 type being analyzed) have been docl:lmented and approved. All data packages will be reviewed 
36 for completeness to see that they include field sampling records, raw analytical data, calc1:.1lation 
37 records, chain of custody doc1:.1mentation, calibration records, q1:.1ality ass1:.1rance sample res1:.1lts, 
38 and that sample holding times and preservation methods were met or exceptions documented. 
39 All completed data m1:.1st be signed by the site waste characterization technical s1:.1pervisor and 
40 the site QA officer. The site project manager m1:.1st also ens1:.1re that a repeat of this review be 
41 performed for at least one randomly chosen container quarterly. Finally, an inventory cf:leck will 
42 be performed by the VVIPP facility personnel for all data packages to ass1:.1re that data packages 
43 are complete. 
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• Completed 'Al.aste Acceptance Checklists 
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10 

11 

12 

13 

14 

• Relevant 'NIPP Waste lnf.ormation System (VVVVIS) data printouts 

• Documentation resulting from the resolution of discrepancies. 

15 These records will be maintained together for each TRU mi*ed waste container managed at the 
16 WIPP facility. 
17 

18 wnt:::::\?b~~~~tl~l§i'J::M~~~ill~ 
19 

20 n::::111t~ff:f:rl~it!em:,~nnJ.iili:9!~9H1?:¥::i~1~::~ni~H9~@~fiiJ?tj9m::::mells9m~:=.n!•21e111:::s11 
21 il!e!!:n~:=:=:=::101:::::::·~n11¥1!1rn::::tje!e9rl?ny~:]=:1:n1:]:::~J11m~:,=:::::11m::::::;:1111nt1:::::::::119:::::·~n1!¥il.1M=:::::::::::11~ 
22 9~1•t~l9:P:tfi:~P:lf:!Yi:!:::!ttati~1:9rang~t::mnf:::1.1;qr9111P:~rwii~::m1gia11I1.n1::::~mm§IM1n9!!~: 
23 &IP!!::];~u1mm!!::@:=::§µmm!:@::sm:~n~::::9p,@fim~S:@!9~:::.r!9.Y!r~m!m1i:::t9r:::m1:m::)rn!x!s::&iil~!~ 
24 

25 ;11:::::::~·~~~1.•!i:m~~(]il::~~~l.l'~~!i"~~t~~g§ 
26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

u.~~9~~~~i~:::~·~~:=::se!!l:~t:~!-~t.m:~~lli'Rt•~!.t::~~~?~~~r111~ 
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40 The OGE will sondblst analyses blsin9 laboratories that are qblalified throb19h partisipation in the 
41 Perf9rmanse [)emonstration Pro9ram (POP) (OOE, 1 QQ5s) and in assordanse with the QAPP. 
42 These laboratories will blse methods presented in S'W 846, "Test Methods for E'lalblatin9 Solid 
43 VVaste, PhysisaltChemisal Methods", (EPA, 1 Q86) or 'Nill demonstrate asseptable eqbli'lalent 
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performance, as implemented by the QAPP and summarized in Appendix C6, to properly analyze 
2 TRU mixed waste. The DOE has specified analytical protocols and procedures for waste 
3 characterization and has published these in the Methods Manual. 
4 

5 A performance based approach to analytical method selection also allows indivieual sites the 
6 flexibility to adapt methoes to meet the specified analytical method QAOs in Appeneix Cle. In 
7 addition, methods and supporting performance eata demonstrating QAO compliance must be 
8 submitted to the WIPP facility personnel for review and approval. Once approved, the methods 
9 will be incorporated into the Methods Manual. 

10 

11 Analytical methods used by the laboratories must: 1) satisfy all of the appropriate QAOs as 
12 implemented in the QAPP, and 2) be implemented through laboratory documented SOPs. These 
13 methods fulfill all of the 'NAP requirements. Altemati1Je methods must demonstrate equi•,<alency, 
14 showing that the performance characteristics of the method (e.g., detection limit, accuracy, and 
15 precision and completeness for the waste matrix in question) meet or exceed the WAP 
16 requirements and objectives. These analytical QAOs are discussed in detail in Appendix qlj6. 
17 

18 Validation of all data (etualitative as 'Nell as etuantitati1Je) will be performed so that data used for 
19 RCRA compliance programs will be of known and acceptable quality. 
20 

21 Validation includes a etuantitative determination of precision, accuracy, completeness, 
22 comparability and method detection limit (as appropriate) for all analytical data (headspace VOC 
23 data and total VOC, SVOC and metals data from homogenous solid and soillgravel 'Naste). 
24 Quantitative data validations will be performed at the data generation level QA officer. A 
25 etuantitative determination of representati1Jeness will also be required. 
26 

27 The qualitative data or descripti1Je information generated by radiography is not amenable to 
28 statistical analysis. Visual examination will valieate raeiography results since they are 
29 complementary techniet1:1es yielding similar data for determining waste stream description (by 
30 waste matrix parameter categories). 
31 

32 Heaespace Gas Sampling and Analysis 
33 

34 All TRU waste will be sampled and analyzes to Eletermine the concentrations of \lOCs 
35 (Taele C 6) in heaespace gases. Sampling protocols, eetuipment, and QNQC methoes for 
36 headspace gas sampling are proviElee in Appeneix C4. In accoreance with EPA convention, 
37 identification ane reporting of compounds eetectee by gas chromatographylmass spectrametry 
38 methoes that are not on the list of target analytes must be reporteEl. These compounEls are 
39 reported as tentatively identified compounds in the 1Naste eata package and must be aeeeEl to 
40 the target analyte list if detected in 25 percent of all samples from a gi1.•en waste stream ~JJaste 
41 matrix parameter) ane appear in the 2Q NMAC 4 .1, S1:1bpart II, §264, Appendix IX list as 
42 implementee in the QAPP. 
43 
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3 RTR is a nondestructive qualitative and semiquantitative technique that involves X ray scanning 
4 of waste containers to identify and verify waste container contents. RTR, or the equivalent, •.viii 
5 be used on the existing/stored waste containers to verify the physical characteristics of the TRU 
6 mixed waste correspond with its waste stream identification/'Naste stream matrix parameter 
1 category. This is used to determine that the sampling parameter and analysis requirements for 
8 that waste form are met. The results of RTR are verified through visual examination of a 
9 statistically selected subpopulation of waste containers in each waste stream. Nondestructive 

10 examination protocols and QNQe methods are pro•,iided in Appendix e4. 
11 

12 Total voes. SVOes and Metals 
13 

14 Total analyses for voes, svoes, and RCRA regulated metals are used instead of the TCLP to 
15 determine waste parameters that may be important to performance within the disposal system 
15 (Tables C 7 and C 8). The generator may use these results to determine if a waste exhibits a 
11 toxicity characteristic. Appendix ca discusses comparability of these analytical results to those 
18 of the TCLP method. Sampling protocols, equipment, and Q,AJQC methods for total analyses 
19 are included in Appendix C4. 
20 

21 C-5 Verification for TRU Mixed Waste 
22 

23 •::::~n!r9::::1iiit:2~,::s1~~::::¥~rm•~in:i.:::wn!9n':!i::=eii9rrnll:::::1~:]n!::,1111:::r'=!!!!li::]nis!i!i::::1er11n1s.: 
24 j,qg::::yjppp@~!gg·::!gf]!]ftj§~i::§~riiffi:i!!gi@::::@gs[:'ftj§~i!::::§fi!ROOiP~ii: All incoming me9:9mif!t@§pp:::::§§ 
25 waste:\~P.i~m'$: shipments will be screened and verified to ensure that the waste recei>Jea is 
26 acceptabief:9t·~t~pq§~l-~~~h~~gg:f~pili~y·according to applicable RCRA requirements. Quality 
21 controls related to waste labeling, identification, transport, and screening will ensure that the 
28 waste packages arriving at the WIPP facility are the same as those transported from the 
29 generator sites and are correctly identified on the EPA Hazardous Waste Manifest. 
30 

31 &188 Wftaste shipment screening is a two-phased process. Phase I will occur prior to 
32 transporting the waste to the WIPP facility. Phase II will occur after the waste shipment arrives 
33 but before it is acceptea~ffiPl~p~g. Figure C-~ presents the waste shipment screening process. 
34 

35 C-Sa Phase I Waste Shipment$~~~~ Screening and Verification 
36 

37 

38 

39 

40 

41 

42 

43 

The first phase of the waste shipment screening and verification process will occur before waste 
is shipped to the WIPP site. The primary verification is the waste characteri;zation data package 
completeness review and acceptance by WIPP facility personnel. §i!irl!'!Mlle]li![i§il!::m1! 
Prii!!i:1rn1r&1enmQ:::a1~i::::rt!m::::1:::sini1,m;:::1~t1:;::::1n:::1a1~111::::199~:::1:M!1~:=:iii:::11:m=1i:::E§fiiilt9:;: 
The generator site QAPjP RQ:ft& audit program will provide on-site verification of characterization 

ti~;.~~9;;i~tji~tj§;.:::~~~i~t.~~~~~~~~lil~~~i!!~;ijril!l1lii!1lllifl.lliiil 
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This form is provided as Figure C-4. It includes information on the generator site name and EPA 
identification number, the technical contact for information on that waste stream, the Wl:RfMiQ;: 
Summary CategoryJi,f,qqp!;::J!~ti29,!::§.~:'~9~R!~§!§!i:~g§!f!!gg@:i:piii)!0.!'=~§§!ii~!,9,i\! and ·aes.epte~ 
waste characterization data package identification numbers associated with that waste stream. 
The form also requires the date of the WAC certification for that waste stream, 
tect:iniquesp{gQ.~qqf~ used for characterization, and EPA Hazardous Waste Code designations. 
Upon WIPP .. facii.ity···approval of the waste stream for disposal ~tlr!99.f:Mi~lff\)J.§@!i~::@!:~~m~::1ttll 
§tt!@ffinll!!@!]i§:fi; the generator may begin shipping waste containers withf(gi that waste 
stream identification number. 
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Bl,P:9tt$ !ni~:~i inl?'A9i9:1~.:e1m2f ,!n~ efi!ir~!ns,m9:Pr9 wm ~rn~~@m~:~~ 
th~ii$iijii 

mt!~1:r~P2m ~!!1:@2nt!irt~m~s!m~@m!t!IQ~:-P!:!¥~1::991~!:1n~t:m:rm~:::1m~sm~1;: 

•t•t•11•r=-
fatI!R~P9m~:::9t.EP~QQ!, iBPi. 

13 D!f!:::.¥1.~!J::·=9~n~!i~::::2t:::::i:::::~nen:::::.r~ilrt::::~n~tI:J!l!::::::m!::::::w.!!rJ~;1:ifl;::':::~11:::::11~9i 
14 9filn9.!~;rn m!=ir!ea1]:::~~'~:::1~~em19~9~1:::1:::r!~!en:::t9r::~n!::m!Ilial::ine::1:::~en1r 
15 t~?Rn:tn~t ~1u:"!~~'::t1M~J:jm!etm~tt2n::p,t9~91t::19:::m1::::11stt:=:t~P!tM!n1:::1111\J~ 
16 ~,::11t9t~ :in!t:ittit= 1m@s~:::s1::~m!'it~C?er9i':f9MilP:m:j~b:1n1~;:::=1:]1~1t9t~¥t111t:!Bt 
17 ~19tfag~!l~!!n:;:::::@n9:::~rn1::::n1Y:Jm9:tm!t!sn:::::mt::::19~;:rn11.!tm1;::::mm~11:rn~e!tt.! 
18 P:lv~91=::~n=:=~91.!t~?11:::~r1ij::11r,::~n1:=:!!t!=::m::~ni:::s~1~:e!~!;: 
19 

20 Off Site Generator Audit Program 
21 

22 The most important part of the WIPP's 'lerifisation prosess is an off site generator audit program 
23 implemented by representati'les of the \llJIPP fasility (Appendix C8). This audit program 
24 addresses all waste sampling ans analysis asti'lities, from •.vaste stream slassifisatian assignment 
25 through final leasing of the TRUPACT II or shielded roas cask, ensuring that SOPs are being 
26 folla•.ves ans that they fully implement the QA14Ps. Audits will assure that containers ans their 
27 assaciates sacumentation are asequately trackes throughout the waste handling process. 
2a Operator qualifications will be verified, and Q.'VQC procedures will be surveyed. Results of all 
29 generatar site ausits will be kept in the lJ'JIPP fasility operating recorEI until closure of the facility. 
30 Table C Q lists Phase I waste screening parameters ans setermination methoss. The assurasy 
31 af physical waste description and waste stream assignment will be verifies by periodis re'lie•.v 
32 of the RTR, RA, and 'lisual examination sata resarEls ans RTR video tapes (as necessary) suring 
33 ausits and surveillances. 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Examination of the Waste Stream Profile Form 

'MPP persannel will ·1erifYMiff!~~ffii::qfilfi@ii~i!,\f![il@ll,if~Utiii§!lifij[[iti1!i[iP,j[:jf~~qjli\imfii~hi 
yitllg~f§Q)j)jgUJ;prj1pJlt.!9!@~jj)j~[gq::i:)@ppgmpyj)i)pfj:i~~!that the entries on the Waste Stream Profile 
Form.are complete and accurate·, .. = iillfi!i:M!Pi:l@!9!!Ji!!I~:;:@gg!,!!!Jilii!!J!Jr@!i!li:i!!it!!':W:!ll:i:ll,lll: 

•@90!.i.m@Y;based an a1:1dit experience ans sasumentatian. Of particular importance are the 
assignment. of the waste-stream description, final ·.vaste tarm ~-t~Jll~oi:!:iQP:e~::::§f!@PMlnl 
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18 erll!m!e:=::1n:::a;!m!!1=::em1n 
19 

20 C-Sb Phase II Waste ~ry!!'!l~nt Screening and Verification 
21 

22 Phase II of the waste shipment screening and verification process includes examination of the 
23 results of determinations that are made after a waste shipment has arrived.~ 
24 ~ The second-phase determinations are: 1) a determination of the 
25 completeness and accuracy of the EPA Hazardous Waste Manifest; 2) a determination of waste 
26 shipment completeness; 3) a determination of land disposal restriction notice completeness; and 
27 4) an identification and resolution of waste shipment irregularities. 'NIPP fasility perseRRel will 
28 

29 ideRtifisatieR to release the driver. \AllPP fasility persoRRel will assept Only those waste 
30 containers that pass all Phase II waste-screening determinations rti!!!!!§!:::mooi!@F!q::=:!!!!~l.@i:!ill· 
31 For each container shipped, the generator site must provide the following information: 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• GeRerator site RaR=!e 

• EPA ~azarde1:Js \l\/.aste Cede 

• 'A<aste vol1:JR=1e 

• \l\/.aste streaR=I ideRtifisatioR R1:JR=1ber 

• 'A<aste soRtaiRer ideRtifisatioR R1:JR=1ber 

• ~azarde1:Js waste R=laRifest 
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3 This information may be provided electronically as discussed below. 
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1 

2 

3 

4 

~:mo!§ !nf9rm~~!9h m!Jm:~~~9::p~·§i4ee~i~?,,i~~!ltRn!e!~Y,~§,]n!:~§ ~m!:::m!¥ µ~ 
Pr9M'9~~ !B~P~ ~!§:i~P~tt:·9~:~n~en~§@:.! §l~~pjijg·:qr·'mi¥:p§::~9PBl~!g:::~U!'!! 
9m!'9f:!n!em~n~;: 

5 The Y.Y~§!~:gp~1~9n§VVIPP site personnel will verify that all this information is provided for each 
6 container received. The waste stroam identification number!@:! will be compared with a list of 
7 those approved for disposal at the WIPP. 
8 

9 If there are discrepancies, they will be resol'led by contacting the generator within 15 days. If 
10 the discrepancies cannot be rosol11ed within JQ days, WIPP facility personnel will reject those 
11 containers associated with the discrepancies. IJVhen containers are rejected, WIPP facility 
12 personnel 1Nill indicate the unacceptable containers on the EPA Hazardous Waste Manifest and 
13 prepare another manifest to ship these containers bask to the generator. Entire waste shipments 
14 that ha11e been rejected will be transported bask to the generator using a new EPA Hazardous 
15 \l\kiste Manifest. 
16 

17 Examination of the EPA l.JnifdftrdHazardous Waste Manifest and Associated Waste Tracking 
18 Information 
19 

20 Upon receipt of a waste shipment, VVIPP facility personnell(@!t~::::::B@r~m9n~ will make a 
21 determination of EPA Qql{qpp:Hazardous Waste Manifest completeness relati'le to TRUPACT 
22 contents and sign the manifest to allow the driver to depart. Mf.@!!M@~i99l0.~WIPP facility 
23 personnel will make a determination of waste shipment completeness by checking the unique, 
24 bar-coded identification number found on each container holding TRU mixed waste after opening 
25 the TRUPACT-11 or shielded road cask. The bar-coded identification number(s) will be noted and 
26 checked against the VVVVIS database. The RH waste canister has a unique identification number 
27 stamped into it l/if!l!t'=w!IJ,p~:i!~l:ift~@:]0.'~9~!J1BU~l.t'99.r!ft9ll!lm!f~r:=19::~ni::t,~p~tty::e~~- The VVVVIS 
28 computer database will maintain waste container t~!lm!:.@nm:,~mm!am!n~:1nf9il!~~i99:i'mi'W!!~: 
29 qy:::~p~·:i~!~tliiii!:i:trasking information as it is de11eloped on site. It will include, among other 
30 items, the following information associated with each container holdinggf TRU mixed waste: 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

• Shipment identification number 
• TRUPACT II or shielded road cask identification number 
• Assembly number 
• Package (container) identification number 
• V\laste stream identification number 
• Package (container) receipt date 
• Overpack identification number (if appropriate) 
• Package (container) emplacement date 
• Package (container) emplacement location (panel/room). 

42 The VVVIJIS links the bar-coded identification numbers of all containers in a specific waste 
43 shipment to the waste !!i~mP~i!,U9t=\1ltP!WSill\im!i1!9\!Ml\lshipment identification number, which 
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1 is also written on the EPA Hazardous Waste Manifest. 
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32 

33 Examination of the Land Disposal Restriction (LOR) Notice 
34 
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35 The DOE intends to petition the EPA for a variance from the prohibition on land disposal of 
36 untreated TRU mixed waste at the WIPP facility. If successful, the WIPP facility may dispose 
37 of the restricted waste. With each waste shipment of land-disposal-restricted-waste, the 
38 generator must provide the WIPP facility with a land-disposal-restriction determination and a 
39 notice that the waste is not prohibited from land disposal because the waste is covered by a no-
40 migration determination (NMD). (This assumes that a Disposal-Phase NMD will be made by the 
41 EPA. Wastes will be in conformance with conditions of the NMD.) WIPP facility personnel will 
42 review this notice for tAe-accuracy and completeness. The generator will prepare this notice in 
43 accordance with the requirements of 20 NMAC 4.1, §268.7(a)(3). 
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1 Visual Verification 
2 

3 Using written procedures, 'NIPP facility personnel¥!i!!!l:l@P!i!!9;9! will make a determination 
4 of waste shipment irregularities. Each waste shipment arriving at the 'NIPP facility will be 
5 visually inspected. The following items will be notedfq~:::~i9h')~l!t~·::\j,p~pffi~m:::~m¥~oll::;:@1'':~H,i 
6 Y!me=::t!P:l:!ft>f: 
7 

a • The number and type of containers holding TRU mixed waste match the eAA 
9 ~a20ardous 'Alaste Manifestihfdiiriitidhdridn!MAMJIS 

10 

11 

12 

:·:·:·:·:·:·:·:·:·:·:·:·:·:·:-:·:·:·:-:-:-:-:-:-:-:-:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:-:-:-:-:-:-:-:-:-:·:·:·:·:·:·:·:·:·:·:·:·· 

• If shipment labels match the EPA ~a20ardous \!\,taste Manifest 

13 

14 

• If labeling deficiencies are found upon visual inspection of the waste containers 

15 

16 

• Container defects. 

11 Q@J!i~~:]~n:m11:::y1nnP:!t!9o::=pr991~i:::1.1;::wmvtg1m:Jn::::§@Mf:!~tJ111q@(9lmls: 
18 

19 Waste Shipment Screening QA/QC 
20 

21 Waste shipment screening QA/QC ensures that characteri20ation of waste received for disposal 
22 meet the WAP requirements f§t::g~@!tl99li!~!fi@f:on a "per container'' basis and that the WIPP 
23 facility accepts.only the waste it is designed and authorized to manage. This is accomplished 
24 by maintaining stringent QA/QC P.Q.nlf.Q.[fqf:f!tff.iover the generation, transmittal, verification, 
25 validation and reporting of characteriiati·9·;:;····~·ata.·through waste shipment screening pf.qpli,j,@QyQit. 
25 determinations. mt=:::!il!n1ns::::wt99~!j,':::11u:::1~Mf'=P:ll!l?::::11two!tn::::g11n!lr@~l¥~l:::191191: 
21 wntmrm1~::11n~11~:=19r,~~!l:ti:~n9:::9~!9Kl!l~~:::~n.1t::m!E~'=~'=m~:::p@n=:r~a::~11:::w1.1!1J!P:@niuer9.~: 
28 l'P~:Pf99~9!t!!,:ll!JfSesondly, the on site Phase II waste screening process performed by WIPP 
29 fasility personnel ensures that waste containers accepted for disposal have reseived prior 
30 sharacterization in accordance with this VVAP by verifying and documentiR§ that container 
31 identifications correspond to shipping information and sontainer approv~gat. waste streams. JR. 
32 addition, the~· WIPP extends QA/QC practices to the management of all records associated 
33 with waste shipment screening determinations. 
34 

35 Data Transmittal 
36 

37 Generators 'Nill transmit data reports to the 'A''.'VIS, in ascordance with the protocols implemented 
38 by the QAPP. The WIPP facility will use approved written prosedures SOPs for all functions 
39 affecting the 'M'VIS, insluding assessing, protecting, and maintaining current waste shipment 
40 data. 
41 

AU5-95N-/PN-/IPPARTB/REV5CR:CH-C C-52 O 1115196 11 :28am 



Data Verification 
2 

WIPP RCRA Part 8 Permit Application 
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3 The WIPP has established approved written procedures for the follm.•Jing waste screening 
4 determinations that are conducted at the 'l·llPP facility prior to the emplacement of a waste 
5 shipment: (1) the determination of EPA Hazardous VVaste Manifest completeness, (2) the 
6 determination of waste shipment completeness, (3) the determination of land disposal restriction 
7 notice completeness, and (4) the determination of waste shipment irregularities. 
8 

9 Records Management 
10 

11 As part of the WIPP facility's operating record, aU-data and documents associated with waste 
12 characterization data are managed in accordance with written procedures. J!l::::::it91i~g:gf 
13 m111~::F:!2¥:=:9r:,~~i='m~n·1t~~~i::s~1·::intqrmi~!en:f:,:11.iti:=pn!i!!!r*!~!1§n:,:1;1!11i:'w!!~~::!mt:ii[ll:rsm~ 
14 12rm~i .in! ·2~nir::r!!ime::r~!er9~ w11,:91,:::isi!Mmi9 90 :!n1::B:!sem~:=:::inv~nteG'.,~n9'J3!ii?e!1=!9n 
15 BBITT~H!!:fer:Ml~!!i:$1P,~i!~~Ml~;: 
16 

17 ~!~~@n!«Amt:r!~l~l§n::g~!!:!n9smlm!n~:::mJ.!!t:!:::~ft~!§t~,:Pnlm!!t~M~1P:rt~~~:~:r~::P:~u::st:~~~ 
18 mmrrl:~m!~~v:::ei~fl:~ls':·1121::~r~==:mini9~:::'=n'::~9F9r!!n!§:=w~tn':'!eirP:v~1=:191~;,:::ma~a1i1mna 
19 t~mr!~:::11m:11:::mi!nmmit:i1::,:a9:::91::~n1:::~1mm:::t1m11¥:::em!tf:~!ns::::1111i: 
20 

21 

22 

23 

24 

25 

26 

27 m~~~Mrgg9f9!':::wm::~=:m!ln~11n~! 'fgt:'g~!nrnrB~1ftJm!:~1:::vt1~!~,':'e9n~!!n~r:=:m!m!9~!::::1!::mJmrff1~ 
28 f~!mws 
29 

30 a!99t9!':::!!':ig~:::10:1e::::riii!!w::,:1m::191::::11niiie::jrfa~r2i9G1::::wi~tt::::ta1:::g,11:::19~ntttli!il~im 
31 e1srim::::::B:1me1:9=:9,::::~a~:1~::::11et~unnio11111mr:•9!111tmf::::1 :::::::111,::::::11g1::::::ert1111:::::m~ 
32 ~a«A1.!9n::::et::m:::m~rs!rn1~~f:a4J~~!Jrn!iiHrng@x19::::suB::::r~~r9!*''::P:t~MmtJ!mn~n:sf':Brnmt9!*: 
33 •im::st::11trf:P:em~@:::m§ri9~~::1til!~r¥!P:erE!n9:::g!!P:S!!t!an:::ar:11:::r~~r11*::::amg::r~tn!11:::1r:J~ 
34 tlllil.: 
35 

36 Waste I?'!!!!!?.~!~~ Tracking QA/QC 
37 

38 The Transportation Tracking and Communications System (TRANSCOM) is a unique waste 
39 shipment monitoring system that will provide 24-hour-per-day feedback to the WIPP facility via 
40 satellite on the location and status of each waste shipment during transport. The WIPP 
41 maintains approved written procedures for tracking TRU mixed waste shipments via the 
42 TRANSCOM system. 
43 
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2 
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TABLE C-1 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Solidified lnorganics 1000 AL-WOOS Solidified Aqueous 
Liquids/Slurries 

Solidified lnorganics 3150 IN-W157 Solidified Process Residues ID 213 

Solidified lnorganics 3150 IN-W166 Solidified Process Residues ID 114 

Solidified lnorganics 3150 IN-W177 Solidified Process Residues 

Solidified lnorganics 3150 IN-W179 Solidified Process Residues MD 111A 

Solidified lnorganics 3150 IN-W181 Solidified Process Residues ID 211A 

Homogeneous Solidified lnorganics 3150 IN-W188 Solidified Process Residues ID 211A 
Solids-53000 

Solidified lnorganics 3150 IN-W216 Solidified Process Residues ID 211A 

Solidified lnorganics 3150 IN-W220 Solidified Process Residues ID 111 

Solidified lnorganics 3113 IN-W221 Absorbed Aqueous Liquids ID 113 

Solidified lnorganics 3150 IN-W222 Solidified Process Residues ID NYD 

Solidified lnorganics 3121 IN-W228 Solidified Wastewater ID 211A 
Treatment Sludges 

Solidified lnorganics 3150 IN-W332 Solidified Process Residues 

Solidified lnorganics 3113 IN-W347 Absorbed Aqueous Liquids 

C-57 

IDC 

004 

114 

835 

836 

978 

976 

001 

111 

113 

292 

002 

204 

102 

WIPP RCRA Part B Permit Application 
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Type Waste Category 

4 Solidified Liquid 

1 Inorganic Process Solids 
and Soils 

1 

1 Inorganic Waste Water 
Treatment Sludge 

1 Inorganic Waste Water 
Treatment Sludge 

1 Inorganic Waste Water 
Treatment Sludge 

1 Inorganic Waste Water 
Treatment Sludge 

4 Solidified Liquid 

1 Inorganic Waste Water 
Treatment Sludge 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique 10• Waste Stream Name Code 

Solidified lnorganics - LA-W002 Solidified Aqueous Waste LA 111A; 
211A 

Solidified lnorganics - LA-W003 Dewatered Sludge LA 1118; 
2118 

Solidified lnorganics - LA-W006 Cemented Process Residues LA 114A 

Solidified lnorganics - LL-W019 Solidified Waste LL 111 

Solidified lnorganics 3150 MD-W002 Absorbed Aqueous Liquids 

Solidified lnorganics 3120 OR-W042 Inactive Storage Tank 
Homogeneous Contents-MTRU Sludge 
Solids-83000 

Solidified lnorganics 1220 PA-W014 Solidified TRU Waste Liquids 

Solidified lnorganics 3129 PA-W015 TRU Solid 

Solidified lnorganics 1190 PA-W015A TRU and Technetium Waste 

Solidified lnorganics 3150 RF-M001 Solidified Process!TRM RF 114 

Solidified lnorganics 3150 RF-W010 Solidified Aqueous Sludge/ RF 111 
TRM 

Solidified lnorganics 3121 RF-W038 Solidified Laboratory RF 113 
Waste/TRM 

'~ 

IDC 

002 

003 

006 

002 

806 

800 
803 
807 

802 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

Type Waste Category 

1 Inorganic Waste Water 
Treatment Sludge 

1 Inorganic Waste Water 
Treatment Sludge 

1 Inorganic Process Solids and 
Soil 

1 Inorganic Waste Water 
Treatment Sludge 

1 Inorganic Process Solids and 
Soils 

1 Inorganic Waste Water 
Treatment Sludge 

4 Solidified Liquid 

,i>/96 12:2Bpm 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Solidified lnorganics 3111 RF-W040 Incinerator AshfTRM 

Solidified lnorganics 3119 RF-W059 Sand, Slag, and Crucible/ 
TRM 

Solidified lnorganics 1190 RF-W063 Miscellaneous TRM 

Homogeneous 
Solids-S3000 Solidified lnorganics 6290 RF-W065 Calcium MetaVTRM 

Solidified lnorganics 3129 RF-W068 Particulate SludgefTRM 

Solidified lnorganics 3119 RF-W076 Process Residues/TRM 

Solidified lnorganics - RL-M005 TRU Mixed Homogeneous 
Solids with Mercury 

Solidified lnorganics - RL-M032 TRU Mixed Inorganic 
Homogeneous Solids 

C-59 

IDC 

419 
420 
421 
425 
428 

387 392 
390 393 
395 394 
396 399 
391 

070 503 
400 508 
401 527 
500 541 

333 

292 
299 
372 
823 

289 372 
292 422 
299 423 
340 

WIPP RCRA Part B Permit Application 
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Type Waste Category 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID' Waste Stream Name Code 

Solidified lnorganics 3111 SR-W053 Ash 

Solidified lnorganics 3129 IN-W146 Uncategorized Inorganic 
Sludges 

Solidifed lnorganics 3000 OR-W046 Solidified Liquid Low Level 
Waste Tanks - Sludge 

Solidified Organics 3150 IN-W167 Solidified Process Residues ID 112 

Solidified Organics 3113 IN-W174 Absorbed Aqueous Liquids 

Solidified Organics 3114 IN-W309 Organic Setups 10 212 
Homogeneous 
Solids-53000 Solidified Organics 3222 RF-W013 Solidified Organics!TRM RF 112 

Solidified Organics 3212 RF-W069 Organic ResinsrrRM RF 126 

Solidified Organics - RL-M017 TRU Mixed Organic Labpacks 

Solidified Organics - RL-M018 TRU Mixed Organic Labpacks 
(State only) 

Solidified Organics - RL-M024 TRU Mixed Organic Labpacks 
with polychlorinated biphenyls 
(PCB) 

Solidified Organics 2000 SR-WOOS Organic TRU 

Salt Waste 3140 IN-W311 Salt Waste 

Salt Waste 3140 IN-W312 Salt Waste ID 124 

Salt Waste 3140 IN-W314 Salt Waste 

ICC 

112 

834 

003 

801 

430 
431 
809 

409 

124 

409 

WIPP RCRA Part 8 Permit Application 
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Type Waste Category 

4 Organic Liquid and Sludge 

4 Organic Liquid and Sludge 

4 Organic Liquid and Sludge 

3 Cation and Anion Exchange 
Resins 

2 Pyrochemical Salt 

~/96 12:28pm 



TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TR UCO Nb 

Group Group Code Unique 10• Waste Stream Name Code 

Salt Waste 3141 RF-W058 Miscellaneous Pu Recovery RF 124 
By-prod uctsffRM 

Homogeneous 
Solids-53000 

Salt Waste - IN-M001 Electrorefiner Stripped 
Salts-Barium (Ba) & 
Cadmium (Cd) 

Soils 4200 IN-W263 Contaminated Soils/Debris MD 111B 

Soils/Gravel-54000 Soils -- RL-M007 TRU Mixed Soils without 
Mercury 

Combustible 5310 IN-W198 Plastic/Rubber Debris ID 216C 

Combustible 5320 IN-W202 Wood Debris ID 216A 

Combustible 5300 IN-W205 Combustible Debris ID 216B 

Debris Waste-S5000 Combustible 5311 IN-W250 Leaded Gloves/Aprons Debris ID 123 

Combustible 5311 IN-W252 Leaded Gloves/Aprons Debris ID 123; 
223A 

Combustible 5311 IN-W254 Leaded Gloves/Aprons Debris ID 223A 

Combustible 5311 IN-W256 Leaded Gloves/Aprons Debris 

C-61 

ICC 

365 414 
404 415 
405 418 
406 427 
407 429 
408 433 
409 434 
410 435 
411 473 
412 654 
413 

842 

337 

970 

900 

123 

339 

463 

802 
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Type Waste Category 

2 Pyrochemical Salt 

1 

3 Combustibles 

3 Combustibles 

3 Combustibles 

3 Leaded Rubber 

3 Leaded Rubber 

3 Leaded Rubber 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Combustible 5300 IN-W325 Unknown Solids 

Combustible 5300 IN-W327 Combustible Debris 

Combustible 5310 IN-W330 Plastic/Rubber Debris 

Combustible 5300 IN-W336 Combustible Debris 

Combustible - LA-W004 Combustible Waste LA 116A 

Combustible - LL-M001 Research and Development LL 116 
Glovebox Waste 

Combustible - RL-M009 TRU Mixed Organic Debris 
with Corrosives 

Combustible - RL-M010 TRU Mixed Organic Debris 

Debris Waste-55000 with Mercury 

Combustible - RL-M011 TRU Mixed Organic Debris 
without Mercury 

Combustible - RL-M012 TRU Mixed Organic Debris/ 
Contaminated without 
Organics 

Combustible - RL-M013 TRU Mixed Organic Debris/ 
Contaminated with Organics 

Combustible - RL-M014 TRU Mixed Leaded Gloves/ 
Aprons with Mercury 

Combustible - RL-M015 TRU Mixed Leaded Gloves/ 
Aprons Metals without 
Mercury 

' .. 

IDC 

815 

847 

801 

202 

004 

001 

WIPP RCRA Part B Permit Application 
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Type Waste Category 

3 

3 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Combustible - RL-M016 TRU Mixed Leaded Gloves/ 
Aprons Metals/Organics 
without Mercury 

Combustible - RL-M022 TRU Mixed Leaded Gloves/ 
Aprons PCBs with Mercury 

Combustible - RL-M023 TRU Mixed Resource 
Conservation and Recovery 
Act (RCRA) Organic Debris 
with PCBs 

Filter 5410 IN-W214 Composite Filters 

Filter 5410 RF-W066 Filters & Media/TRM RF 119 

Debris Waste-S5000 

Filter 5410 RF-W067 Cemented Filters/TRM RF 119 

Filter 5410 AW-M003 TRU Waste Used Pre-filters 

Graphite 5000 IN-W272 Debris Waste ID 115 

Graphite 5000 IN-W275 Debris Waste 

Graphite 5000 IN-W276 Debris Waste ID 215A 

Graphite 3119 RF-W060 Coarse Graphile!TRM RF 115 

Heterogeneous 5440 IN-W169 Predominantly Combustible ID 216C 
Debris 

C-63 

IDC 

813 

328 376 
331 490 
335 491 
342 

376 
338 

312 

301 

300 

303 
312 

330 

WIPP RCRA Part B Permit Application 
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Type Waste Category 

3 Filters 

3 Fillers 

2 Graphite 

2 Graphite 

2 Graphite 

3 Combustibles 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique 10• Waste Stream Name Code 

Heterogeneous 5440 IN-W170 Predominantly Combustible AE 116A 
Debris AE 1168 

Heterogeneous 5440 IN-W171 Predominantly Combustible AE 116A 
Debris AE 1168 

Heterogeneous 5440 IN-W172 Predominantly Combustible 
Debris 

Heterogeneous 5440 IN-W186 Predominantly Combustible ID 116 
Debris 

Heterogeneous 5440 IN-W189 Predominantly Combustible ID 221A 
Debris 

Heterogeneous 5440 IN-W197 Predominantly Combustible ID 216A 
Debris 

Debris Waste-S5000 
Heterogeneous 5440 IN-W203 Predominantly Combustible 

Debris 

Heterogeneous 5440 IN-W204 Predominately Combustible MD 116A 
Debris 

Heterogeneous 5440 IN-W225 Predominantly Combustible ID 221A 
Debris 

Heterogeneous 5400 IN-W259 Heterogeneous Debris 

Heterogeneous 5430 IN-W265 Predominately Inorganic ID 121 
Nonmetal Debris 

Heterogeneous 5000 IN-W269A Debris Waste 

Heterogeneous 3190 IN-W271 Uncategorized Inorganic 
Process Residues 

• 

ICC 

120 

110 

010 

116 

464 

336 

826 

827 

302 

104 

374 

150 

814 
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Type 

3 

3 

3 

3 

3 

3 

Waste Category 

Combustibles 

Combustibles 

Combustibles 

8enelex® and Plexiglas® 

Combustibles 

8enelex® and Plexiglas® 

8enelex® and Plexiglas® 

""', .............. ~- .. 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Heterogeneous 5400 IN-W281 Heterogeneous Debris MD 117A 

Heterogeneous 5400 IN-W283 Heterogeneous Debris ID 225A 

Heterogeneous 5400 IN-W285 Heterogeneous Debris 

Heterogeneous 8200 IN-W289 Unknown Solids AE 116A 

Heterogeneous 5000 IN-W291 Debris Waste 

Heterogeneous 8200 IN-W302 Unknown Solids 

Heterogeneous 5400 IN-W329 Heterogeneous Debris 

Heterogeneous 5000 IN-W334 Debris Waste 

Debris Waste-S5000 Heterogeneous 5000 IN-W345 Debris Waste 

Heterogeneous 5000 IN-W351 Debris Waste 

Heterogeneous 5490 NT-W001 Heterogeneous Debris, NT 111; 
Uncategorized 116; 211; 

225 

Heterogeneous 5400 OR-W044 CH TRU Heterogeneous OR 125A; 
Debris 1258 

Heterogeneous 8000 OR-W045 CH TRU Uncategorized 

Heterogeneous 5400 OR-W047 CH TRU Heterogeneous 
Debris 

Heterogeneous 5330 RF-M002 Supercompacted RF 116C 
Combustibles/ffiM 

C-65 

ICC 

824 

241 

201 

121 

100 

020 

848 

203 

155 

105 

2116 
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Type Waste Category 

3 Combustibles and 
Noncombustibles 

1 & 3 

3 

3 Combustibles 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique 10• Waste Stream Name Code 

Heterogeneous 5900 RF-WOOS Soil & Cleanup DebrisfTRM RF 121 

Heterogeneous 5330 RF-W012 CombustiblesfTRM RF 116 

Heterogeneous 3119 RF-W036 Firebrick, Pulverized or Fines/ RF 122 
TRM 

Heterogeneous - RL-M004 TRU Mixed Heterogeneous 
Debris (State only) 

Heterogeneous - RL-M006 TRU Mixed Inorganic 
Homogeneous Solids without 
Mercury 

Heterogeneous - RL-M031 TRU Mixed Heterogeneous 
Debris (State only) 

Debris Waste-S5000 
Heterogeneous 8900 SA-W134 TRU Waste at Hot Cell 

Facility 

Heterogeneous 5400 SR-W026 Heterogeneous Debris 

Heterogeneous 5400 SR-W027 Heterogeneous Debris 

Heterogeneous 5400 AW-W020 TRU-Cd-Hot Cell Waste 

Heterogeneous - IN-M002 TRU-Cd-Hot Cell Waste 

Heterogeneous - IN-W139 TRU Contaminated Lead 
Debris . 

Heterogeneous - IN-W269B Debris Waste 

Heterogeneous 5440 IN-W323 Predominantly Combustible 
Debris 

,, 

ICC 

374 

330 831 
336 832 
337 833 

377 
378 

150 

153 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

Type Waste Category 

3 Benelex® and Plexiglas® 

3 Combustibles 

2 Firebrick and Ceramic 
Crucibles 

' I(')~ ~.., • ..,o .... ...., 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Heterogeneous 5000 KA-W016 TRU Debris 

Heterogeneous 5400 OR-W040 RH TRU Heterogeneous 
Debris 

Heterogeneous 5400 RL-M201 Projected RH-MTRU Waste 

Inorganic Nonmetal 5230 IN-W161 Ceramic/Brick Debris ID 122; 
2228 

Inorganic Nonmetal 5200 IN-W230 Inorganic Nonmetal Debris ID 122 

Inorganic Nonmetal 5220 IN-W240 Glass Debris ID 118 

Inorganic Nonmetal 5220 IN-W243 Glass Debris ID 2188 
Debris Waste-S5000 

Inorganic Nonmetal 8900 IN-W245 Uncategorized Unknown ID 2258 

Inorganic Nonmetal 8900 IN-W247 Uncategorized Unknown ID 218A 

Inorganic Nonmetal 8900 IN-W249 Uncategorized Unknown 

Inorganic Nonmetal 5250 MD-M001 Asbestos Debris 

Inorganic Nonmetal 3114 RF-W026 Used Absorbents/TRM RF 122 

Inorganic Nonmetal 3119 RF-W032 Ground Glass/TRM RF 118 

Inorganic Nonmetal 5122 RF-W052 Glass/TRM RF 118 

C-67 

IDC 

371 

122 

118 

440 

441 

442 

810 

375 

444 

440 442 
441 856 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

Type Waste Category 

2 Firebrick and Ceramic 
Crucibles 

2 Firebrick and Ceramic 
Crucibles 

2 Glass 

2 Glass 

3 Combustibles and 
Noncombustibles 

2 Glass 

2 Firebrick and Ceramic 
Crucibles 

2 Glass 

2 Glass 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique 10• Waste Stream Name Code 

Inorganic Nonmetal 5123 RF-W056 Magnesium (Mg) Oxide RF 118 
CruciblesfTRM 

Inorganic Nonmetal 5129 RF-W057 lnsulationfTRM RF 122 

Lead/Cadmium Metal 5400 AW-M001 ALHC Upgrade Decon Debris 
Waste 

Lead/Cadmium Metal 5311 AW-M002 Lead/Cadmium Metal Waste 
Waste 

Lead/Cadmium Metal - ET-M001 Hot Laboratory & Pu Facility 
Waste D&D 

Lead/Cadmium Metal 5311 RF-W029 Leaded GlovesfTRM RF 123 
Debris Waste-S5000 Waste 

Lead/Cadmium Metal 5311 RF-W041 Leaded Gloves-Acid 
Waste ContaminatedfTRM 

Lead/Cadmium Metal - RL-M019 TRU Mixed Elemental 
Waste Hazardous Metals with 

Mercury 

Lead/Cadmium Metal - RL-M020 TRU Mixed Elemental 
Waste Hazardous Metals without 

Mercury 

Lead/Cadmium Metal 3190 AW-W016 Electrorefiner Stripped 
Waste Cadmium 

Lead/Cadmium Metal 3150 AW-W022 Electrorefiner Insolubles with 
Waste Cadmium 

C' 

IDC 

370 
368 
655 

438 

339 

341 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

Type Waste Category 

2 Glass 

2 Firebrick and Ceramic 
Crucibles 

3 Leaded Rubber 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Summary Category Waste Matrix Code Matrix Waste Stream TRUCONb 

Group Group Code Unique ID" Waste Stream Name Code 

Lead/Cadmium Metal - IN-M004 Electrorefiner Stripped 
Waste Cadmium 

Lead/Cadmium Metal - IN-MOOS Electrorefiner Insolubles with 
Waste Cadmium 

Uncategorized Metal 3100 IN-W260A Inorganic Process Residues 

Uncategorized Metal S100 IN-W280 Metal Debris 

Uncategorized Metal S100 IN-W287 Metal Debris 

Uncategorized Metal S100 IN-W294 Metal Debris ID 217C 

Uncategorized Metal S100 IN-W296 Metal Debris ID 217C 

Uncategorized Metal S100 IN-W298 Metal Debris ID 117 

Debris Waste-SSOOO 
Uncategorized Metal S100 IN-W300 Metal Debris ID 117 

Uncategorized Metal - LA-W001 Mixed Metal Scrap and LA 12SA 
Incidental Combustibles 

Uncategorized Metal - LA-WOOS Noncombustible Scrap LA 117A; 
118A 

Uncategorized Metal - LA-W009 Metal Waste from Gloveboxes 
and Equipment 

Uncategorized Metal - LL-W018 Combined Metal Scrap and LL 12S 
Incidental Combustibles 

Uncategorized Metal S112 RF-W011 MetaVTRM RF 117 

Uncategorized Metal S190 RF-W037 Heavy Metal (non-SS)/TRU RF 117 

C-69 

IDC 

040 

803 

101 

481 

480 

320 

117 

001 

oos 
006 

003 

480 
481 

320 

WIPP RCRA Part B Permit Application 
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Revision 5.2 

Type Waste Category 

1 

2 Metal 

2 Metal 

2 Metal 

2 Metal 

3 

2 

3 

2 Metal 

2 Metal 
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Summary Category Waste Matrix Code 
Group Group 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 
Debris Waste-S5000 

Uncategorized Metal 

Un~t.-,g, . '.:d Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

Waste 
Matrix Waste Stream TRUCONb 
Code Unique ID" Waste Stream Name Code 

- RL-M001 TRU Mixed Inorganic Debris 
with Mercury 

- RL-M002 TRU Mixed Inorganic Debris 
Metals without Mercury 

- RL-M003 TRU Mixed Inorganic Debris 
Metal with Corrosives 

- RL-MOOB TRU Mixed Inorganic Debris 
Metals without Mercury 

- RL-M021 TRU Mixed Inorganic Debris 
PCBs with Mercury 

6200 AW-W018 Sodium-TRU 
I 

6200 AW-W019 Sodium Potassium-(NaK)-
TRU 

- --· 

5100 AW-W021 Metal Debris 

- IN-M003 Element Hardware FCF 
Waste 

3100 IN-W260B Inorganic Process Residues 

5190 IN-W322 Sample Fuel 

- LA-WR01 Mixed Metal Scrap and 
Incidental Combustibles 

- LA-WR05 Noncombustible Scrap 

c 

IDC 

040 

154 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

Type Waste Category 
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TABLE C-1 (Continued) 
WASTE IDENTIFIERS CROSS-CORRELATION 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

• Waste stream unique identifications (ID) are taken from the U.S. Department of Energy (DOE), 1995, 'Waste Isolation Pilot Plant Transuranic Waste Baseline Inventory Report," 
CA0-94-1005, Rev. 1, U.S. Department of Energy, Albuquerque, New Mexico. 

b TRUCON = TRUPACT-11 Content 
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CHTRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Homogeneous 
Solidified Solids-53000 
lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganics 

TABLE C-2 

WIPP RCRA Part B Permit Application 
DOEMJIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED (CH) TRANSURANIC (TRU) WASTE 

Waste 
Stream TRUCONb EPA 

Unique tD• Waste Stream Name Code Waste Description (WTWBIR)• Code 

AL-W005 Solidified Aqueous This waste stream will be generated during the remediation of a d 
Liquids/Slurriesc glovebox that has been used for plutonium (Pu) and other transuranic 0004 

research. The glovebox continues to be used for transuranic research. 0005 
Some of the contents of the glovebox will become mixed transuranic 0006 
(MTRU) waste. It has not yet been determined what volume will be 0007 
MTRU and what will be TRU. Isotopes that are known to be in the 0008 
glovebox are: Pu-239, Pu-240, Pu-242, Np-237, Pa-233, U-235, U- 0010 
236, and U-238. Concentrations of the TRU components range from 1 0011 
part per million (ppm) to 2,300 ppm in various concentrations of nitric 
acid. Uranium concentrations range from 0.1 ppb to 407,770 ppm. 
Note: This stream may contain Toxic Substance Control Act (TSCA) 
waste at unknown levels. 

IN-W157 Solidified Process Residues ID 213 This waste comes from the Rocky Flats Plant (RFP). It contains d 
alcohols and organic acids such as ethylene diamine tetra acetic acid 0006 
(Versenes) set in portland and magnesia cements. 0008 

F001 
F002 
F003 

IN-W166 Solidified Process Residues ID 114 Solid inorganic process solution waste consists of cemented inorganic 0008 
particulates of sludge-like (not chemically precipitated) wastes from Pu F001 
recovery operations. F002 

F003 

IN-W177 Solidified Process Residues This waste comes from Mound Laboratory. It consists of caustic waste d 
and neutralized waste liquids, adsorbed onto a clay called Florco•. 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Solidified 
lnorganics 

Homogeneous 
Solids-S3000 

Solidified 
lnorganics 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W179 Solidified Process Residues This waste comes from Mound Laboratory. The waste consists of d 
shower water, decontamination water, cooling water, and some acids 0006 
and caustics that have been solidified in portland cement. 0007 

0008 
0009 
0010 
0011 
F001 
F003 
P015 

IN-W181 Solidified Process Residues ID 211A This waste is from RFP. The waste consists of sludge from laundry d 
operations that have been cemented in portland. The cement is 0006 

described as a poor grade. 0007 
0008 
0009 
F001 
F002 
F003 
P015 

IN-W188 Solidified Process Residues ID 211A This waste is from RFP. The waste consists of sludge from floor d 
drains in a Pu process facility that have been cemented in portland 0006 
cement, described as poor grade. 0007 

0008 
0009 
0022 
0028 
F001 
F002 
F003 
P015 
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CHTRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Homogeneous 
Solids-53000 Solidified 

lnorganics 

Solidified 
lnorganics 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
OOE/WIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W216 Solidified Process Residues ID 211A The waste stream generated at RFP, consists of first- and second- d 
stage sludges. Sludges were combined starting in 1979 to reduce the D005 
radiation levels of first stage sludge. Portland cement was added to D006 
absorb free liquids. 0007 

D008 
0009 
0011 
0022 
0028 
F001 
F002 
F003 
P015 

IN-W220 Solidified Process Residues ID 111 This waste includes waste generated at Argonne National Laboratory- d 
East (ANL-E) and solid wet sludge from RFP. The ANL-E waste is 0004 
derived from research activities performed in a laboratory environment. D005 
The waste includes concrete and laboratory apparatus. The RFP solid 0006 
wet sludge is cemented or dewatered sludge precipitated from aqueous 0007 
waste treatment processes. Soils that are not contaminated with or by D008 
chemicals are also included. 0009 

F001 
F002 
F003 
P015 

IN-W221 Absorbed Aqueous Liquids ID 113 Solid laboratory waste consists of cemented or absorbed neutralized d 
aqueous laboratory waste. F003 
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CHTRUWaste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Solidified 
lnorganics 

Homogeneous 
Solids-53000 

Solidified 
lnorganlcs 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEMJIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Descriptior1 idTWBIR)" Code 

IN-W222 Solidified Process Residues ID NYD This waste stream, generated at RFP, consists of sludge from the d 
incinerator off-gas system, recovery building filter plenums, pumps, etc. 0006 
Portland cement is added to absorb free liquids. The sludge may D008 
contain a limited number of surgical gloves. F001 

F002 
F003 

IN-W228 Solidified Wastewater ID 211A This waste stream, generated at RFP, consists of wet sludge from d 
Treatment Sludges treatment of all other plant radioactive and/or chemical contaminated 0005 

wastes and further treatment of the first stage effluent. Some ,- e-1973 0006 
wastes may include nonsludge wastes such as electric motors, mercury 0007 
and lithium batteries, bottles of liquid chemicals, and small amounts of D008 
mercury in pint bottles. Portland cement was added to absorb the D009 
residual liquids. D011 

0022 
0028 
F001 
F002 
F003 
P015 

IN-W332 Solidified Process Residues This waste comes from the Battelle Columbus Laboratories. It is a e 
turco soap decontamination solution (used to decontaminate glove 
boxes from a Pu laboratory) that is solidified in a plaster-of-paris. 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganics 

Solidified 

Homogeneous 
lnorganics 

Solids-53000 

Solidified 
lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganlcs 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W347 Absorbed Aqueous Liquids This waste comes from ANL-E. It consists of liquids adjusted to pH 10 e 
using NaOH, which are then absorbed in vermiculite. 

LA-W002 Solidified Aqueous Waste, LA 111A; Solidified aqueous waste, cemented sludge. d 
211A 

LA-W003 Dewatered Sludge. LA 1118; Dewatered sludge from Pu recovery operations. 0004 
2118 

LA-W006 Cemented Process LA 114A Cemented process residues derived from decontamination activities. 0007 
Residues 

LL-W019 Solidified Waste LL 111 50 to 90% of this waste matrix consists of liquids solidified in 1- to 0040 
5-gallon (gal) plastic containers using portland cement or Aquaset• for F002 
the water-based liquids and Envirostone• or Petroset9 for the oil-based 
liquids. The remainder consists of glovebox waste. 

MD-W002 Absorbed Aqueous Liquids• TRU waste from PP-113, R-140, R-149. Note: This stream may e 
contain TSCA waste at unknown levels. 

OR-W042 Inactive Storage Tank The waste stream is comprised of MTRU sludge that has settled and 0006 
Contents-MTRU Sludge• separated from wastewater that has been stored in large underground 0007 

storage tanks. The waste is a product of past operations at Oak Ridge 0008 
National Laboratories (ORNL) involving various nuclear research and 0009 
radioisotope fabrication processes. Note: This stream may contain 
TSCA waste at unknown levels. 

PA-W014 Solidified TRU Waste Aqueous Slurries-Basic. This stream is generated from the shutdown d 
Liquids of the neptunium/technetium recovery system. 

C-76 01/15/96 12:09pm 



CH TRUWaste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganics 

Homogeneous 
Solids-83000 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

PA-W015 TRU Solid Other inorganic sludges generated from the shutdown of the 0007 
neptunium/technetium recovery system 

PA-W015A TRU and Technetium Other wastewaters. This stream is generated from the shutdown of the e 
Waste neptunium/technetium recovery system. 

RF-M001 Solidified ProcessffRM RF 114 This waste stream represents the solidified final form of all particulate d 
and sludge-type materials. Particulates and sludge-type materials are 0004 
immobilized with portland cement. The cemented wastes are cast into 0005 
1-gal molds and allowed to cure prior to packaging. This is the final 0006 
waste form for Firebrick, Pulverized or FinesffRM, Incinerator 0007 
AshffRM, Particulate SludgeffRM, and Sand, Slag, and CrucibleffRM. 0008 

0009 
0010 
0011 
0018 
0019 
0035 
0040 
F001 
F002 
F003 
FOOS 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Homogeneous 
Solids-S3000 

Solidified 
lnorganics 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique 10• Waste Stream Name Code Waste Description (WlWBIR)" Code 

RF-W010 Solidified Aqueous Sludge! RF 111 This waste stream consists of aqueous sludge from wastewater D006 
TRM treatment mixed with 30% portland cement. The waste is generated as DOOB 

a result of process wastewater treatment in Building 374 and 774. F001 
Aqueous sludge is produced by vacuum filtration of precipitated solids F002 
from pretreated aqueous waste slurry. Untrapped solids are skimmed F005 
off the surface of the filter medium of the rotating drum as wet sludge. 
The precipitated solids are chiefly hydroxides with pH of 10 to 12. The 
final waste form is obtained by mixing the wet sludge with 
approximately 30% portland cement. RFP has several drums of 
aqueous sludge that were returned by Idaho National Engineering 
Laboratory (INEL). These old drums were packaged by alternating the 
layers of cement and wet sludge or by adding cement to the top and 
bottom of a drum containing wet sludge. 

RF-W038 Solidified Laboratory RF 113 This waste stream is liquid waste solidified with portland cement. This D007 
WastelTRM waste consists of waste liquids from the analytical laboratories, 

research and development laboratories, and maintenance shops that 
are packaged and sent to Building 774 for immobilization with portland 
cement and absorbent cement. These are wastes which are 
incompatible with the process collection system and the liquid waste 
treatment plant. Acidic wastes are neutralized before immobilization. 
Immobilization is done in 55-gal drums. Approximately 21 gal of waste 
are added to each drum prior to storage. 
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CHTRUWaste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Homogeneous Solidified 
Solids-53000 lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganics 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHA.RACTERIZA TION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream 

Unique ID" 

RF-W040 

RF-W059 

RF-W063 

RF-W065 

Waste Stream Name 

Incinerator AshfTRM 

Sand, Slag, and Crucible/ 
TRM 

Miscellaneous TRM 

Calcium MetalfTRM 

r· .... 

TRUCONb 
Code 

EPA 
Waste Description (WTWBIR)" Code 

This waste stream was previously named "fluidized bed incinerator ash D004 
(TRU)-mixed." Ash is generated from operation of a fluidized bed D005 
incinerator in Building 776 or an incinerator in RFP Building 771. The D006 
incinerator was used to bum office trash, combustible waste generated D007 
in process areas, combustible oils from refrigeration units, diesel fuel, D008 
and crank case oils. The oil had been accumulated as a low-level D009 
mixed waste. Fluid bed incinerator ash was packaged in 55-gal drums D010 
lined with a rigid polyethylene liner and one bag liner. It is a portion of D011 
the waste stream entitled "fluidized bed incinerator ash/LLW mixed" in F001 
the inventory report. The ash normally assays as low-level waste F002 
(LLW) but this portion was found to be TRU. FOOS 

This waste includes unpulverized slag, unpulverized sand and crucible, d 
unpulverized sand, slag and crucible, sand slag and crucible heel, sand D007 
from button breakout, pulverized sand slag and crucible, and pulverized 
slag and crucible. This waste is generated during the reduction of Pu 
tetrafluoride to Pu metal. Its composition includes magnesium oxide 
sand, crucible, calcium metal, and stainless steel (SS). 

As result of the shutdown of Pu operations at RFP in November 1989, d 
several hundred plastic bottles and several tanks of process liquids D007 
remained in storage in Buildings 371, 559, 771, and 779. 

This material is elemental calcium used in Pu reduction operations. d 
Calcium metal pellets are mixed with Pu tetrafluoride during the 
reduction process as a pyrotechnic initiator. 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified 
lnorganics 

Solidified 
lnorganlcs 

Homogeneous Solidified Solicls-S3000 lnorganics 

Solidified 
lnorganics 

Solidified 
lnorganics 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique 10• Waste Stream Name Code Waste Description (WTWBIR)" Code 

RF-W068 Particulate SludgefTRM This waste stream was previously named "Particulate-SludgefTRU d 
Mixed (2)." This waste was generated from Pu recovery operations in 0006 
RFP Building 771. The waste consists of incineration sludge, 0007 
miscellaneous sludge, sludge from size reduction area, grit, and 0008 
cemented miscellaneous sludge. Spent ion exchange resin waste is F001 
not included in this data. The waste is packaged in 55-gal drums with F002 
multiple bag liners. This waste consists of a variety of organically F005 
contaminated sludges with particulate fines of heavy metals that are 
TRU contaminated. 

RF-W076 Process ResiduesfTRM This waste stream was previously named "Particulate-SludgefTRU d 
Mixed (2)." This waste was generated from Pu recovery operations in 0006 
RFP Building 771. The waste consists of low-purity oxide heel, 0007 
incineration sludge, miscellaneous sludge, sludge from size reduction 0008 
area, grit, soot, and soot heel. The waste is packaged in 55-gal drums F001 
with multiple bag liners. F002 

F005 

RL-M005 TRU Mixed Homogeneous This waste stream consists primarily of homogeneous solids. Some of d 
Solids with Mercury" the containers contain organic debris (plastic, cellulosics). Note: This 0009 

stream may contain TSCA waste at unknown levels. 

RL-M032 TRU Mixed Inorganic This waste stream consists primarily of inorganic homogeneous solids d 
Homogeneous Solids (absorbents). 0007 

F003 

SR-W053 Ash Ash from the RFP incinerator was sent to the Savannah River Site 0004 
(SRS) for Pu recovery research purposes. It is stored in a satellite 0005 
area in 235-F. The sample material was sent to SRS to investigate 0006 
possible flow sheets for the recovery of Pu. The ash was classified as 0007 
waste by the Colorado Court System, and the flow-sheet experiments 0008 
were cancelled. 0009 

0010 
0011 
F001 
F002 
F005 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Homogeneous 
Solids-83000 

Solidified Organics 

Solidified Organics 

Solidified Organics 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique 101 Waste Stream Name Code Waste Description (WTWBIR)1 Code 

IN-W167 Solidified Process Residues ID 112 TRU solid organic waste consisting of cemented or absorbed organic D022 
liquids from production or laboratory processes. F001 

F003 

IN-W174 Absorbed Aqueous Liquids This waste comes from Mound Laboratory. It consists of acid liquids, d 
mainly nitric, absorbed onto a clay called Florco~. 

IN-W309 Organic Setups• ID 212 This waste stream contains liquid organic wastes generated at RFP. 0005 
About 47% of the organic waste stream is lathe coolant, which is 60% 0011 
Texaco Regal oil and 40% carbon tetrachloride. About 10% of the F001 
organic waste stream is trichloroethane. The remainder is other F002 
organic wastes. These liquid wastes were mixed with calcium silicate F004 
to form a grease or paste-like material. Note: This stream may P015 
contain TSCA waste at unknown levels. 

RF-W013 Solidified Organics!TRM RF 112 This waste stream includes waste TRU organic fluids that are F001 
transferred to RFP Building 774 for cementation from Buildings 707, F002 
776, and 777. The liquids are mixed with gypsum cement within 55-gal 
drums. The drum is lined with one or two bag liners with a rigid 
polyethylene liner. This waste stream includes cemented solids and 
organic sludges/particulates. 

RF-W069 Organic Resins/TRM RF 126 This waste stream was previously named "Particulate-Sludge/TRU d 
Mixed (2)." This waste was generated from Pu recovery operations in 0006 
Building 771. It consists of unleached resin and leached resin. The 0007 
waste is packaged in 5-gal drums with multiple bag liners. Final waste 0008 
form for this waste stream is cemented resin. F001 

F002 
F005 

RL-M017 TRU Mixed Organic This waste stream consists primarily of organic labpacks. Some of the d 
Labpacks containers contain inorganic debris (metals), organic debris (plastic, F003 

cellulosics). 

RL-M018 TRU Mixed Organic This waste stream consists primarily of organic labpacks. Some of the e 
Labpacks (State only) containers contain organic debris (plastic, cellulosics). 
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Solidified Organics 

Solidified Organics 

Salt Waste 

Homogeneous Salt Waste 
Solids-S3000 

Salt Waste 

Salt Waste 
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CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

RL-M024 TRU Mixed Organic This waste stream consists primarily of organic labpacks. Some of the d 
Labpacks with containers contain organic debris (plastic, rubber, cellulosics), and 
polychlorinated biphenyls PCBs. 
(PCB)' 

SR-WOOS Organic TRU Laboratory waste from Pu extractions generated in the Savannah River d 
Technology Center (SRTC) 773-A Facility. Homogeneous, liquid, 
flammable, xylene-based chelating agent. TTA - Thenoyl 
trifluoroacetone. 

IN-W311 Salt Waste This waste was generated at the RFP. D028 
F001 

IN-W312 Salt Waste ID 124 Pyrochemical salt consists of used chloride salts from pyrochemical d 
processes such as electrorefining, molten salt extraction or direct oxide 
reduction. 

IN-W314 Salt Waste This waste, generated at the RFP, consists of chunks of salt and F001 
ceramic. 

RF-W058 Miscellaneous Pu Recovery RF 124 This waste is generated during Pu recovery operations such as direct d 
By-productsfTRM oxide reduction molten salt extraction, electrorefining, and salt scrub. D007 

Its composition includes mixed salts, a probable presence of 
magnesium, sodium and potassium metals and chromium. This waste 
consists of reactive molten and electrorefining (ER) salt residues from 
Pu purification and direct oxide reduction. 
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Soils 

Soils/Gravel-54000 

Soils 

Combustible 

Combustible 

Debris Waste - SSOOO 

Combustible 

Combustible 
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IN-W263 Contaminated Soils/Debris This waste, generated at Mound Laboratory, consists of soils, including d 
small rocks and pebbles, generated from cleanup of a leak. All soil D006 
waste was dry when packaged. A few waste boxes also include picks, D007 
shovels, metal cans, rubber gloves, booties, respirators, plastic, and D008 
possibly an air hammer and chisel. D009 

D010 
D011 

RL-M007 TRU Mixed Soils without This waste stream consist primarily of soils. Some of the containers D007 
Mercury contain organic debris (rubber, cellulosics, plastic) and inorganic debris D010 

(metal). 

IN-W198 Plastic/Rubber Debris ID 216C The waste stream is from the RFP and consists of various types of D008 
plastics such as polyethylene (PE), polyvinyl chloride (PVC), teflon D022 
(TFE), and nonleaded rubber items. The waste may be bags, vials, D029 
bottles, sheeting, and surgical gloves. Some other combustible wastes F001 
such as respirator facemasks and paper may be included. Some small F002 
amounts of noncombustible wastes may also be present. F003 

FOOS 

IN-W202 Wood Debris ID 216A This waste stream is from the RFP and primarily consists of wood in D008 
the form of lumber, plywood, filter frames, and possibly ladders. Some F001 
of the items such as plastic sheeting, Kimwipes•, and other F002 
combustibles are also present. Plastic sheeting may have some paint F003 
coatings. Limited noncombustibles such as nails and sheetrock may 
also be included. 

IN-W205 Combustible Debris ID 2168 This waste stream from the RFP primarily consists of line- and nonline- D008 
generated combustible materials such as plastics, paper, empty PE F001 
bottles, booties, paper, plastic sheeting, and surgical gloves. The F002 
waste may be dry or damp. Limited amounts of noncombustibles may F003 
also be present. 

IN-W250 Leaded Gloves/Aprons ID 123 Discarded leaded glovebox gloves and leaded aprons. D008 
Debris 
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Combustible 

Combustible 

Combusbble 
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Combustible 
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IN-W252 Leaded Gloves/Aprons ID 123; This waste comes from RFP. It consists of leaded rubber gloves and D008 
Debris 223A aprons. A limited amount of unleaded gloves, lead bricks, and lead D022 

sheeting may also be present. D028 
D029 
F001 
F002 
F003 
F005 

IN-W254 Leaded Gloves/Aprons ID 223A This waste comes from RFP. It consists of leaded rubber gloves and D008 
Debris aprons. A limited amount of unleaded gloves, lead bricks, and lead F001 

sheeting may also be present. F002 

IN-W256 Leaded Gloves/Aprons This waste stream is generated at the Mound Laboratory. The waste D008 
Debris consists of neoprene dry box (glovebox) gloves, neoprene, 0-rings, 

and lead-lined gloves. 

IN-W325 Unknown Solids" This waste stream was generated at Mound Laboratory and consists of e 
classified parts. 

IN-W327 Combustible Debris This waste stream is from Mound Laboratory and consists of nonline e 
generated combustible wastes such as plastic sheeting, paper, 
reagents, gloves (rubber and cloth), plastic bottles, wood, paper suits, 
and shoe covers. About 75% of the waste is compacted. The waste 
may be either dry or damp. 

IN-W330 Plastic/Rubber Debris This waste stream, generated at Mound Laboratory, consists of various e 
types of plastics (PVC, PE, Tygon•, etc.) in the form of tubing, piping, 
sample vials, gaskets, manipulator boots, etc. Limited amounts of 
other combustible wastes may also be included. One drum contains 
liquid mercury. The wastes are primarily from decommissioning and 
decontamination (D&D) activities at the Pu processing and research 
buildings. Limited amounts of waste may be damp. 
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IN-W336 Combustible Debris This waste stream, generated at Battelle Columbus Laboratories, e 
contains such combustible items as wood, plastic suits, nylon 
reinforced plastic tent structures, shoe covers, rubber gloves, and air 
hose. The waste is from decontamination and deactivation of the Pu 
laboratory. 

LA-W004 Combustible Waste LA 116A Combustible waste - paper, rags, plastic, rubber, etc. D005 

LL-M001 Research and Development LL 116 The waste consists mostly of untreated dry solids such as tissues, d 
Glovebox Waste paper, assorted plastics, glassware, ceramics, and metals. Portland D006 

cement or Aquaset• is used to solidify small amounts of water-based D008 
liquids; Envirostone• or Petroset9 is used to solidify small amounts of D009 
solvents and oil-based liquids. The composition varies considerably, D040 
but it is predominantly organics (> 90% by weight). 

RL-M009 TRU Mixed Organic Debris This waste stream consists primarily of organic debris. Some of the d 
with Corrosives containers contain inorganic debris (metals) and soils. 

RL-M010 TRU Mixed Organic Debris This waste stream consists primarily of organic debris. Some of the d 
with Mercury containers contain inorganic debris (metals, including mercury) and D006 

soils. D009 

RL-M011 TRU Mixed Organic Debris This waste stream consists primarily of organic debris. Some of the d 
without Mercury containers contain inorganic debris (metals) and soils. D007 

D008 

RL-M012 TRU Mixed Organic Debris/ This waste stream consists primarily of organic debris. Some of the D019 
Contaminated without containers contain inorganic debris (metals) and soils. 
Organics 
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Combustible 

Combustible 

Combustible 

Debris Waste - S5000 Combustible 

Combustible 

Combustible 
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RL-M013 TRU Mixed Organic Debris/ This waste stream consists primarily of organic debris. Some of the D019 
Contaminated with Organics containers with organics contain inorganic debris (metals) and soils. F001 

F002 
F003 
F004 
FOOS 

RL-M014 TRU Mixed Leaded Gloves/ This waste stream consists primarily of leaded gloves/aprons. Some of d 
Aprons with Mercury the containers contain inorganic debris (metals, including mercury), D005 

organic debris (plastic, rubber, cellulosics), and soils. D006 
D007 
D008 
D009 

RL-M015 TRU Mixed Leaded Gloves/ This waste stream consists primarily of leaded gloves/aprons. Some of d 
Aprons Metals without containers contain inorganic debris metals, without mercury), organic D005 
Mercury debris plastic, rubber, cellulosics), and soils. D006 

D007 
D008 

RL-M016 TRU Mixed Leaded Gloves/ This waste stream consists primarily of leaded gloves/aprons. Some of D007 
Aprons Metals/Organics the containers contain inorganic debris metals), organic debris (plastic, D008 
without Mercury rubber, cellulosics), and soils. D019 

RL-M022 TRU Mixed Leaded Gloves/ This waste stream consists primarily of leaded gloves/aprons. Some of D006 
Aprons PCBs with Mercury• the containers contain inorganic debris (metal), organic debris (plastic) D008 

and hazardous constituents including PCBs and mercury. Note: This D009 
waste stream may contain TSCA waste at unknown levels. 

RL-M023 TRU Mixed Resource This waste stream consists primarily of organic debris contaminated d 
Conservation and Recovery with PCBs. Note: This waste may contain TSCA waste at unknown 
Act (RCRA) Organic Debris levels. 
with PCBs0 
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IN-W214 Composite Filters This waste stream, generated at the Mound Laboratory, consists d 
primarily of spun glass filters and fiberglass glovebox prefilters. The D009 
waste may include limited amounts of other noncombustibles. 

RF-W066 Filters & Media/TRM RF 119 This waste stream was previously named "Filter WastefTRU." Filter d 
waste is generated from process operations throughout the RFP site. D004 
This waste consists of Ful-flo filters from the Building 771 incinerator, D006 
Ful-flo filters from nonincineration operations, absolute glovebox filters D007 
from nonacid contaminated operations, acid contaminated absolute D008 
glovebox filters, acid contaminated high-efficiency particulate air D009 
(HEPA) filters, nonacid contaminated HEPA filters, plenum prefilters, D010 
filter media, and processed filter media. Processed filter media is D011 
material which has been treated using portland cement to absorb F001 
moisture and neutralize acid contamination. Filter waste is packaged in F002 
55-gal drums and metal standard waste boxes. FOOS 

RF-W067 Cemented FiltersffRM RF 119 This waste stream was previously named "Filter WastefTRU." Filter d 
waste is generated from process operations throughout the RFP site. D005 
Processed filter media is material that has been treated using portland D006 
cement to absorb moisture and neutralize acid contamination. Filter D007 
waste is packaged in 55-gal drums and metal standard waste boxes. D008 
Hazardous constituents originate in liquid and gaseous effluents from D009 
processing operations. F001 

F002 
F003 

IN-W272 Debris Waste ID 115 Coarse graphite chunks. F001 
F002 

IN-W275 Debris Waste This waste stream, generated at the RFP, is similar to graphite molds. F001 
A graphite core is part of the shaped graphite mold to cast Pu metal. 
The graphite has broken into pieces, and some of the graphite has 
been scarfed or wire brushed to remove any above-discard deposits of 
Pu. 
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Graphite 
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Heterogeneous 
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IN-W276 Debris Waste ID 215A This waste stream, generated at the RFP, consists of graphite molds D022 
used in casting Pu metal. The waste may also include small amounts D028 
of surgical gloves. The graphite is in the form of broken mold pieces. F001 
Some of the graphite has been scarfed or wire-brushed to remove F002 
above-discard deposits of Pu. F003 

FOOS 

RF-W060 Coarse GraphitefTRM RF 115 This waste form includes scarfed graphite chunks and coarse graphite. D006 
This waste is a result of broken graphite molds from the classified 
weapons shape casting process. 

IN-W169 Predominantly Combustible ID 216C The waste stream is from RFP and primarily consists of line- and D008 
Debris nonline-generated dry combustible materials such as paper, rags, D022 

plastics, surgical gloves, cloth overalls and booties, cardboard, wood, 0029 
wood filters frames, and laundry lint. Some combustibles may be F001 
damp or moist. Limited amounts of noncombustibles such as glass, F002 
concrete, cement, lead glovebox gloves, batteries, and metal scrap F003 
may also be present. F005 

IN-W170 Predominantly Combustible This waste is generated at ANL-E. The waste is derived from D004 
Debris decontamination and disposal of facilities and ancillary systems (e.g., D006 

gloveboxes). D008 
F003 

IN-W171 Predominantly Combustible This waste is generated at ANL-E. The waste is derived from research D004 
Debris activities performed in a research environment. The waste includes D006 

soft plastics, cardboard, rags, paper, and cloth from various processes. D008 
The waste is packaged in 55-gal drums or in standard waste boxes. F003 
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IN-W172 Predominantly Combustible This waste stream, generated at Bettis Atomic Power Laboratory, F001 
Debris consists primarily of rags, gloves, plastic, paper, carbo-wax, filters, oil- F002 

contaminated absorbent (diatomaceous earth), and rubber. The waste 
stream may also contain noncombustible items. 

IN-W186 Predominantly Combustible ID 116 Combustible waste consists of cellulosic, plastic or cloth waste from D008 
Debris various processes. F001 

F002 

IN-W189 Predominantly Combustible ID 221A This waste, generated at RFP, contains mainly Benelex• which is a D008 
Debris dense, laminated, lignocellulose hardboard ma..:-' from wood chips and F001 

particles. Benelex• is generally 2 inches (in.) thick. Some of the 
Benelex® has lead shielding attached to it. Metal hinges and angle iron 
strongbacks are also present. Plexiglas .. is the other major constituent 
in the waste. The Plexiglas'" thickness ranges from 2 to 4 in. Both the 
Benelex• and the Plexiglas'" are combustible. 

IN-W197 Predominantly Combustible ID 216A The waste stream is from the RFP and primarily consists of damp or d 
Debris wet line- and nonline-generated dry combustible materials such as D008 

paper, rags, plastics, surgical gloves, canvas, cardboard, wood, and D022 
rubber. Some combustibles may be damp or moist. Moisture content F001 
may range from damp to wet, and may include water, soaps, nitric F002 
acid, or caustic solutions. Limited amounts of noncombustibles such F003 
as glass, concrete, cement, leaded glovebox gloves, and metal scrap F005 
may also be present. These wastes are mostly from decontamination 
and cleanup work, and may be from any Pu area. 
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IN-W203 

IN-W204 

IN-W225 

IN-W259 

Waste Stream Name 

Predominantly Combustible 
Debris 

Predominately Combustible 
Debris 

Predominantly Combustible 
Debris 

Heterogeneous Debris 

TRUCONb 
Code 

ID 221A 

C-90 

Waste Description (WTWBIR)" 

This waste stream, generated at Mound Laboratory, includes two 
different types waste depending on when the waste was generated. 
Prior to 1980 waste consisted of glovebox floor sweepings and rust. 
After 1980, waste may consist of large combustible waste such as 
plastic tanks, Plexiglas N shielding and windows, wood, and fiberglass 
conveyor glovebox sections. Limited amounts of small combustibles 
such as shoe covers and surgical gloves are also included. 

This waste stream is smaller combustible items from Mound Laboratory 
that fit into drums. 

The waste, generated at RFP, contains mainly Benelex• which is a 
dense, laminated, lignocellulose hardboard made from wood chips and 
particles. Benelex• is generally 2 in. thick. Some of the Benelex• has 
lead shielding attached to it. Metal hinges, and angle iron strongbacks 
are also present. Plexiglas N is the other major constituent in the 
waste. The PlexiglasN thickness ranges from 2 to 4 in. Both the 
Benelex" and the Plexiglas N are combustible. 

EPA 
Code 

D009 

D008 
D009 

D008 
F001 

This waste stream, generated at ANL-E, contains alpha hot cell waste. I D008 
Noncombustible and combustible waste are segregated. Combustible 
wastes include: paper, plastic and PVC containers, rubber 0-rings and 
gloves, rags, and 0-tips. Noncombustible wastes include: laboratory 
equipment, tools, fixtures, glassware, pipe, tubing, fitting, fasteners, 
firebrick, ferrous and nonferrous metal scraps and parts, and small 
electric motors. Sodium in the waste is reacted with ethyl alcohol, 
mixed with pelletized clay, and dried. Nitrates and oxidizing agents are 
neutralized or reduced, mixed with pelletized clay. 
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Heterogeneous 

Debris Waste - S5000 
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IN-W265 Predominately Inorganic ID 121 This waste contains blacktop, concrete, reinforced concrete, cinder F001 
Nonmetal Debris blocks, bricks, dirt and sand. Limited amounts of waste may be damp. F002 

A limited amount may contain combustibles such as coveralls and F003 
gloves. The waste is generated from cleanup of spills and leaks, F004 
process changes, maintenance, and D&D operations. Portland cement 
is added to containers that contain wet or damp waste. 

IN-W269A Debris Waste This waste stream, generated at INEL, contains laboratory waste from e 
ANL-W including fluxwire, fission counters, analytical samples dissolved 
and absorbed on Oil-Ori, glassware, vials, miscellaneous waste from 
gloveboxes, dissolved pellets absorbed on Oil-Ori, enriched and normal 
U308 pellets, aluminum foil and capsules, TREAr' waste capsules, 
chlorinated ion exchange resins, Pu sources. Laboratory waste 
includes Kimwipes•, trash, glassware, dissolved samples absorbed in 
Oil-Ori, analytical samples, gloves, etc. 

IN-W271 Uncategorized Inorganic This waste stream was generated at Mound Laboratory. The records 0009 
Process Residues• at Mound Laboratory and at INEL do not agree on the content. The 

waste most likely is graphite crucibles and electrodes, with some 
containers of mercury. 

IN-W281 Heterogeneous Debris This waste stream, generated at the Mound Laboratory, consists of 0005 
large, noncombustible wastes such as tanks (SS and tantalum), piping, 0006 
ducts, conduit, electric motors, pumps, metallurgical presses, lathes, 0007 
dissolvers, evaporators, furnaces, ladders, vacuum sweepers, 24- x 24- 0008 
x 12-ir:. 1~! Pt, filters, fume hoods, gloveboxes, Plexiglas 

N 

glovebox 0009 
windov, _; : ~.d floor tile. Limited amounts of combustible wastes (plastic 0010 
tanks, fiberglass gloveboxes, plastic contamination control tents, etc.) 0011 
are also included. 
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IN-W283 Heterogeneous Debris ID 225A This waste stream, generated at the RFP, consists of piping, flanges, d 
valves, tools, equipment, PVC piping, glassware (flasks, broken ion D008 
exchange columns, etc.), glass filters, leaded glovebox gloves, paper, F002 
and plastics. Wastes from renovations of the americium recovery line F003 
were shipped only in 1972 and 1973. Some of the containers are lead-
lined. 

IN-W285 Heterogeneous Debris This waste stream, generated at Battelle Columbus Laboratories, D008 
contains noncombustible items such as tools, crucibles, piping, valves, 
pieces of equipment, lead bricks, Plexiglas'", and filters. 

IN-W289 Unknown Solids" This waste is generated at ANL-E and RFP. The waste is derived from D004 
decontamination and disposal of facilities and ancillary systems. D005 

D006 
D007 
D008 
D009 
F001 
F002 
P015 

IN-W291 Debris Waste This waste stream, generated at ANL-E, contains combustible and d 
noncombustible items such as paper, rags, rubber gloves, plastic F003 
bottles, glassware, small tools, balances, and empty metal cans. The 
waste is usually separated into combustible and noncombustible 
streams. 
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IN-W302 Unknown Solids" This waste stream, generated at Bettis Atomic Power Laboratory, d 
contains noncompressible and noncombustible items such as absolute F001 
filters, solidified chemical waste, contaminated metal equipment, F002 
furnace brick, and highly contaminated glovebox equipment. Metal 
scrap could include bars, sheet, fixtures, small equipment tools, etc. 
made of carbon steel, SS, inconnel, aluminum, copper, brass and 
zirconium. Chemical wastes include spent chemical solutions and 
associated solids from the isotope and isotopic dilution analysis of 
nuclear fuel specimens. The residues were neutralized before being 
either mixed with absorbent material solidified. 

IN-W329 Heterogeneous Debris This waste stream, generated at Mound Laboratory, consists of nonline e 
generated noncombustible wastes such as tools, pipe, equipment, 
metal, glass, concrete, plaster, bricks, and dirt. Limited amounts of 
combustible wastes such as paper, rags, etc. are also included. 

IN-W334 Debris Waste This waste stream, generated at Battelle Columbus Laboratories, e 
contains a mixture of combustible and noncombustible items in roughly 
equal proportions. Combustible items include paper and paper 
products. Noncombustibles are primarily metal and some glass. 

IN-W345 Debris Waste This waste stream, generated at INEL, consists of a plastic glovebox, a e 
hydraulic pump containing oil, vacuum pump, centrifuges, tools, and 
experimental fuel capsules. The presence of hazardous materials is 
not known, but some absorbed oil is likely. 
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IN-W351 Debris Waste This waste stream, generated at ANL-E, consists of glass bottles used e 
to transport liquid wastes. 

NT-W001 Heterogeneous Debris, NT 111; This waste stream consists of glovebox parts, laboratory trash, d 
Uncategorized 116; contaminated equipment, and solidified sludges. Real-time radiography D006 

211 ;225 has been performed on the waste to verify there are no free liquids D007 
present, with the exception of liquid in aerosol cans. Most of the waste D008 
is contact handled (CH) TRU waste; one and 3 drums are remote- D011 
handled (RH). The waste stream was generated at Lawrence F001 
Livermore National Laboratory, Livermore, CA (LLNL) and shipped to F002 
the Nevada Test Site (NTS) from 1974 until 1990. The waste was F003 
declared as potentially mixed TRU waste by the generator in April P015 
1991. 

OR-W044 CH TRU Heterogeneous OR 125A; This waste stream consists of CH TRU waste which is classified as D006 
Debris• 1258 contaminated equipment, decontamination debris or dry solids. The D008 

physical form is solid. These wastes do not contain free or D009 
containerized liquids. Note: This stream may contain TSCA waste at D011 
unknown levels. 

OR-W045 CH TRU Uncategorized•·• This waste stream consists of CH TRU waste which is not classified. D006 
The physical form is either solid, liquid, mixed (both solid and liquid), or D008 
unknown. Note: This stream may contain TSCA waste at unknown D009 
levels. D011 

OR-W047 CH TRU Heterogeneous This waste stream consists of CH TRU waste which is classified as D006 
Debris• contamination equipment, decontaminated debris, or dry solids. The D008 

physical form is solid. Note: This stream may contain TSCA waste at D009 
unknown levels. D011 

RF-M002 Supercompacted RF-116C This waste consists of cloth and paper products from cleanup of F001 
CombustiblesfTRM gloveboxes and spills, which has been supercompacted for volume F002 

reduction. FOOS 
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CH TRUWaste 
Summary Category Waste Matrix Code 
Group Description Group 

Heterogeneous 

Heterogeneous 

Debris Waste - S5000 

Heterogeneous 

Heterogeneous 

Heterogeneous 
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WIPP RCRA Part B Permit Application 
DOEiWIPP 91-00S 

Revision S.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

RF-WOOS Soil & Cleanup DebrisfTRM RF 121 This waste stream is construction rubble generated during D&D D006 
activities. The waste consists of blacktop/concrete/dirt/sand. The D007 
waste is generated from construction/demolition within the Pu process D008 
buildings. The waste is usually packed in SS-gal drums with multiple F001 
bag liners, a fiberboard liner, and a rigid polyethylene liner. Also, the F002 
waste can be packaged in DOT 7 A, Type A metal boxes which are FOOS 
lined with a fiberboard and PVC liner. Metals are considered to be 
potentially present in the rubble from demolition and cleanup activities. 
Solvents are potentially present from the materials used during 
decontamination. 

RF-W012 CombustiblesfTRM RF 116 The waste consists mainly of cloth and paper products from cleanup of F001 
gloveboxes and spills, involving hazardous solvents. The bulk of these F002 
wastes are packaged in SS-gal drums with one rigid polyethylene liner FOOS 
and several bag liners. In addition the waste may be repackaged into 
DOT 7A, Type A metal boxes which are lined with a fiberboard and 
PVC liner. 

RF-W036 Firebrick, Pulverized or RF 122 This waste stream was previously named "Firebrick - Pulverized or D004 
Fines/TRM Fines.· This waste is generated from replacement of fire brick in the D006 

Pu recovery incinerator in RFP Building 771. The fire brick must be D007 
replaced periodically because of the Pu buildup. The fire brick is D008 
pulverized to facilitate Pu recovery. Material which assays below the F001 
economic discard limit is discarded as pulverized fire brick waste. The F002 
waste is packaged in SS-gal drums lined with a rigid polyethylene liner. FOOS 

RL-M004 TRU Mixed Heterogeneous This waste stream consists primarily of heterogeneous debris (filters). e 
Debris (State only) Some of the containers contain organic debris {plastic). 

RL-M006 TRU Mixed Inorganic This waste stream consists primarily of inorganic homogeneous solids. d 
Homogeneous Solids Some of the containers contain organic debris (rubber, cellulosics). D019 
without Mercury F003 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Debris Waste - S5000 
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Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID' Waste Stream Name Code Waste Description (WTWBIR)1 Code 

RL-M031 TRU Mixed Heterogeneous This waste stream consists primarily of heterogeneous debris. The e 
Debris (State only) waste is hazardous by state regulation. 

SA-W134 TRU Waste at Hot Cell Predominantly metal laboratory trash including saw blades, copper and e 
Facility brass fittings. Balance of waste is combustible laboratory trash 

including rubber gloves and Tygon11 tubing. There are no liquids. 

SR-W026 Heterogeneous Debris 200 Areas (F and H Separations Facilities). This waste is primarily d 
solids consisting of mainly booties, laboratory coats, floor sweepings, D004 
rags, labware, and other job control wastes. This waste is generated D006 
primarily through separation activities in the course of Pu production, D007 
includes small amounts of TRU waste from on-site laboratories. 0008 

D009 
D011 
D018 
D019 
D022 
D023 
D024 
D025 
D026 
P015 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Heterogeneous 

Debris Waste - SSOOO 

Inorganic 
Nonmetal 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID' Waste Stream Name Code Waste Description (WTWBIR)' Code 

SR-W027 Heterogeneous Debris 200 Areas (F and H Separations Facilities). This waste is generated d 
primarily through separation activities in the course of Pu production D004 
and includes small amounts of TRU waste from on-site laboratories. D006 
This waste stream is primarily solids consisting of booties, laboratory D007 
coats, floor sweepings, labware, rags, and other job control waste. D008 

D009 
D011 
D018 
D019 
D022 
D023 
D024 
D025 
D026 
F001 
F002 
F003 
FOOS 
P015 

IN-W161 Ceramic/Brick Debris ID 122; This waste contains whole and broken pieces of construction bricks, F001 
222B cinderblocks, and firebrick. Waste generated in the 1971 to 1973 F002 

period includes firebrick from the Pu recovery incinerator and related 
refractory development and from four boilers; cinderblocks and other 
brick from routine maintenance and from following the RFP fire. Waste 
generated since 1973 is mostly firebrick from Pu recovery operations. 
The firebrick generated since 1973 is a high-alumina, high-strength 
brick manufactured by Plibrico (Plicast 40~. Some of the incinerator 
firebrick is scarfed to remove surface contamination and then leached 
with nitric acid to recover Pu. 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Inorganic 
Nonmetal 

Inorganic 
Nonmetal 

Inorganic 
Nonmetal 

Debris Waste - 55000 

Inorganic 
Nonmetal 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID• Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W230 Inorganic Nonmetal Debris ID 122 Insulation, firebrick, and concrete. F001 
F002 

IN-W240 Glass Debris ID 118 Glass waste consists of discarded labware, windows, containers or D008 
raschig rings from various processes. D009 

F001 

IN-W243 Glass Debris ID 2188 This waste stream, generated at the RFP, consists of glass sample D008 
vials, bottles, lead-taped sample vials, ion exchange columns, dissolver D029 
pyrex laboratory glassware such as Pyrex™ flasks and beakers, F001 
glovebox windows (glass, PlexiglasN, leaded glass), and crushed and F002 
ground glass. The waste includes limited amounts of other F003 
noncombustibles such as metals, and limited amounts of combustible FOOS 
wastes. No sludges should be present although some glass vials may 
contain limited amounts of residual liquids. 

IN-W245 Uncategorized Unknown• ID 2258 This waste stream, generated at the RFP, consists of boronated glass d 
rings used to minimize neutron multiplication in liquid storage tanks. D008 
Unleached rashig rings was used from 1971-79 as a separate stream F001 
and then combined with leached rashig rings. The rings are about 
1.75 in. high and 1.5 in. in diameter, with a 0.25 in. wall thickness. The 
rings are heat and chemical resistant borosilicate glass. Some of the 
rings, which had above-discard amounts of Pu, were leached with nitric 
acid to recover the Pu and then rinsed with water, and dried. Some of 
the rings may be contaminated with small amounts of oil. 
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CH TRUWaste 
Summary Category Waste Matrix Code 
Group Description Group 

Inorganic 
Nonmetal 

Inorganic 
Nonmetal 

Debris Waste - S5000 
Inorganic 
Nonmetal 

Inorganic 
Nonmetal 
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WIPP RCRA Part B Permit Application 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W247 Uncategorized Unknown• ID 218A This waste stream, generated at the RFP, consists of boronated glass d 
rings used to minimize neutron multiplication in liquid storage tanks. 0008 
Unleached rashig rings was used from 1971-79 as a separate stream 0028 
and then combined leached rashig rings. The rings are about 1.75 in. 0029 
high and 1.5 in. in diameter, with a 0.25 in. wall thickness. The rings F001 
are heat and chemical resistant borosilicate glass. Some of the rings, F002 
which had above-discard amounts of Pu, were leached with nitric acid F003 
to recover the Pu and then rinsed with water, and dried. Some of the FOOS 
rings may be contaminated with small amounts of oil. 

IN-W249 Uncategorized Unknown• This waste stream, generated at Mound Laboratory, consists mostly of 0009 
whole and broken glassware and glass sample vials. The majority of 
the glass is Pyrex™. Limited amounts of other noncombustibles may 
be present. 

MD-M001 Asbestos Debris0 (24) Asbestos filters, (1) glass filter. Note: This waste may contain e 
TSCA waste at unknown levels. 

RF-W026 Used AbsorbentslTRM RF 122 This waste stream was previously named "Spent AbsorbenVfRU (Oil F001 
Dry)". This waste stream was not specifically identified in the Storage 
and Inventory Report prepared by RFP in fulfillment of Federal Facility 
Compliance Act requirements. This waste is the TRU fraction of the 
waste titled "Oil Dry/LLW Mixed" in the Inventory Report. Normally it 
is low-level waste (LLW) but occasionally some assays as TRU. 
Absorbents, usually vermiculite materials, which are used in the 
absorption, or absorption of any liquids as needed. One of the most 
commonly used absorbents is Oil On... Spent absorbents are assumed . 
to be radiologically contaminated. The waste is packaged in 55-gal 
drums lined with two polyethylene bags. 
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CH TRUWaste 
Summary Category Waste Matrix Code 
Group Description Group 

Inorganic 
Nonmetal 

Inorganic 
Nonmetal 

Debris Waste - S5000 Inorganic 
Nonmetal 

Inorganic 
Nonmetal 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique 10• Waste Stream Name Code Waste Description (WTWBIR)" Code 

RF-W032 Ground GlassfrRM RF 118 This waste stream is crushed fluorescent lights with some leached 0008 
glass. Glass waste consists of crushed fluorescent lamps that come 
from the fluorescent lights used throughout the Pu and uranium 
processing areas, as well as ground leaded glass. Small amounts of 
leached glass may be mixed with the crushed fluorescent lamp waste. 
This glass waste is packaged in 55-gal drums that are lined with one 
fiberboard liner and two polyethylene bags. 

RF-W052 GlassrrRM RF 118 This waste stream is glass from D&D, labs, etc. This waste stream is 0005 
made up of glass from analytical laboratories, recovery processes, 0008 
ceramics, and glovebox windows. This waste stream was previously F001 
named "glass." This waste form has been characterized by toxicity F002 
characteristic leaching procedure (TCLP) analytical data and process 
knowledge. Ground glass is characterized by process knowledged and 
limited analytical data. 

RF-W056 Magnesium (Mg) Oxide RF 118 This waste stream includes any type or size of ceramic crucibles or d 
CruciblesrrRM liners including LEGO crucibles. This waste consists of magnesium 0006 

oxide crucible, magnesium oxide crucible fragments with reactive salts 
of calcium, magnesium, sodium, and/or potassium adhering to the 
surface and containing Pu residue. This waste stream was generated 
during Pu recovery using pyrochemical and electro-chemical 
processing. Waste is placed in 4-liter poly bottles and double plastic 
bagged or placed in 1 gal or 1 quart paint cans, then placed into 55-gal 
drums. 

RF-W057 lnsulationfrRM RF 122 This waste stream is contaminated insulation. The insulation is F001 
generated from construction and demolition on site. This waste was F002 
characterized using process knowledge for manifesting purposes in 
1987 and 1989 to determine if any reportable quantities per 49 CFR 
172 were present. These are spent solvents from degreasing of Pu or 
other metals. 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Lead/Cadmium 
Metal Waste 

Lead/Cadmium 
Metal Waste 

Lead/Cadmium 
Metal Waste 

Lead/Cadmium 
Metal Waste 

Debris Waste - S5000 

Lead/Cadmium 
Metal Waste 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

AW-M001 ALHC Upgrade Decon Waste packaged for WIPP containing: radioactive cadmium debris D006 
Debris from CH-ANL-242T, solidified to meet WIPP-WAC requirement for D007 

particulate immobilization, and bags of lead-lined gloves were placed in D008 
the solidified drums to fill the void space. 

AW-M002 Lead/Cadmium Metal Waste This waste is typically lead lined gloves replaced at the Experimental D008 
Fuel Laboratory glovebox. 

ET-M001 Hot Laboratory & Pu Facility 1 lead shielding brick plus additional hot material. D008 
D&D 

RF-W029 Leaded Gloves/TRM RF 123 This waste stream consists of leaded rubber gloves that are used on 0008 
gloveboxes to reduce radiation exposure to personnel. Gloves that are 
damaged or that do not meet safety inspection requirements are 
replaced with new gloves and discarded as waste. The gloves are 
packaged in 55-gal drums lined with a rigid polyethylene liner and one 
bag liner. 

RF-W041 Leaded Gloves-Acid This waste stream consists of leaded rubber gloves used in the D008 
Contaminated/TRM glovebox system for Pu recovery operations in RFP Buildings 771 and 

371. These gloves are contaminated with nitric acid and other acids 
when replaced and discarded as waste. The gloves are packaged in 
55-gal drums lined with a rigid polyethylene liner and a bag liner. 
Leaded gloves as waste are currently characterized by process 
knowledge and sample analysis using the Extraction Procedure (EP) 
Toxicity Test. 
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CHTRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Lead/Cadmium 
Metal Waste 

Lead/Cadmium 
Metal Waste 

Uncategorized 
Metal 

Debris Waste - S5000 

Uncategorized 
Metal 

Uncategorized 
Metal 
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Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

RL-M019 TRU Mixed Elemental This waste stream consists primarily of elemental hazardous metals. d 
Hazardous Metals with Some of the containers contain inorganic debris (metals, including D005 
Mercury mercury), organic debris (plastic, rubber, cellulosics), and soils. DOOS 

D007 
D008 
D009 

RL-M020 TRU Mixed Elemental This waste stream consists primarily of elemental hazardous metals. D007 
Hazardous Metals without Some of the containers contain inorganic debris (metals without D008 
Mercury mercury), organic debris (plastic, rubber, cellulosics). and soils. 

IN-W260A Inorganic Process Residues This waste stream, generated at Bettis Atomic Power Laboratory, e 
contains solid binary scrap as powder, pellets, or rods. The material is 
made of ceramic based U02 and Th02 . Some kilorods or fuel rods 
constructed of fuel pellets within hollow zirconium tubes are also 
included. 

IN-W280 Metal Debris This waste comes from Mound Laboratory. It consists of SS, carbon D009 
steel, and small amounts of aluminum-metal wastes in the form of 
valves, piping, wrenches, nuts, bolts, SS tubing, spatulas, pans, 
hotplates, ringstands, etc. Limited amounts of combustible and 
noncombustible waste also present from. Most of the waste is metal 
waste that is primarily from D&D operations. Some of the metals were 
leached with nitric acid, ultrasonically cleaned and dried to remove 
above-discard amounts of Pu. 

IN-W287 Metal Debris This waste stream, generated at ANL-E, contains glovebox sections D008 
and associated equipment from decontamination and decommissioning 
operations. The waste is predominantly noncombustible. 
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Summary Category Waste Matrix Code 
Group Description Group 

Uncategorized 
Metal 

Uncategorized 
Metal 

Debris Waste - S5000 

Uncategorized 
Metal 

Uncategorized 
Metal 

Uncategorized 
Metal 
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Waste 
Stream TRUCONb EPA 

Unique 10• Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W294 Metal Debris ID 217C This waste comes from RFP. It consists of the smaller pieces of the D008 
waste that have been washed with water to recover Pu. D022 

F001 
F002 
F005 

IN-W296 Metal Debris ID 217C The waste comes from RFP. It consists of nonline- and line-generated D008 
wastes. The waste may be in the form of gloveboxes, glovebox D028 
windows, furnaces, lathes, drill presses, ducting, piping, angle iron, D029 
tanks, downdraft tables, part carriers, respirator filters, ultrasonic F001 
cleaners, control panels, electronic instrumentation, vacuum sweepers, F002 
pumps, motors, railing stairs, metal racks and trays, hotplates, empty F003 
metal produce and paint cans, carts, power tools {saws, drills, etc.), F005 
hand tools {wrenches, hammers, saws, chisels, gauges, etc.), chairs, 
desks, tables, typewriters, filing cabinets, crushed 55-gal drums, etc. 
The waste may also include limited amounts of combustible waste. 

IN-W298 Metal Debris ID 117 This waste comes from the RFP. It consists of used tantalum D008 
crucibles, funnels, funnel inserts, and pour rods. F001 

F002 
-

IN-W300 Metal Debris ID 117 Discarded metal. D008 
F001 
F002 
P015 

LA-W001 Mixed Metal Scrap and LA 125A Mixed metal scrap and incidental combustibles. d 
Incidental Combustibles 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Uncategorized 
Metal 

Uncategorized 
Metal 

Uncategorized 
Metal 

Uncategorized 
Metal 

Debris Waste - S5000 

Uncategorized 
Metal 

Uncategorized 
Metal 

Uncategorized 
Metal 
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Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

LA-WOOS Noncombustible Scrap LA 117A; Noncombustible scrap-small tools, cans, small equipment items, D006 
118A broken glass, etc. 

LA-W009 Metal Waste from Metal waste from gloveboxes and equipment F001 
Gloveboxes and Equipment F002 

FOOS 

LL-W018 Combined Metal Scrap & LL 12S The waste consists mostly of metal scrap such as decommissioned D008 
Incidental Combustibles gloveboxes, hoods, and other large equipment as well as laboratory 

trash. Typically, it will contain metal components, glassware, ceramics, 
plastics, paper, and wood. It will be mostly inorganic material but can 
vary widely. 

RF-W011 MetalfTRM RF 117 This waste includes items such as gloveboxes and machinery and D008 
empty containers. Items that are difficult to reduce to a size that would F001 
fit in a 5S-gal drum are placed in DOT 7A, Type A metal boxes. These F002 
drums are lined with a rigid polyethylene liner, fiberboard liner and 
several bag liners. The boxes are lined with a fiberboard and PVC 
liner. 

RF-W037 Heavy Metal (non-SS)ITRU RF 117 Heavy (non-SS) metal waste is generated at various locations D008 
throughout the RFP. Heavy scrap metal is defined at RFP as metal 
elements above copper (Cu) on the periodic chart. Typically, these 
scrap metals consist of crucibles, funnels, rods and fixturing from 
several processes and production operations. Tantalum, tungsten, and 
platinum are examples of scrap metals at the RFP. 

RL-M001 TRU Mixed Inorganic Debris This waste stream consists primarily of with mercury inorganic debris. D006 
with Mercury Some of the containers contain organic debris (plastic and cellulosics). D009 

RL-M002 TRU Mixed Inorganic Debris This waste stream consists primarily of inorganic metal debris. Some DOOS 
Metals without Mercury of the containers contain organic debris (plastic, rubber, cellulosics). 
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CH TRU Waste 
Summary Category Waste Matrix Code 
Group Description Group 

Uncategorized 
Metal 

Uncategorized 
Metal 

Debris Waste-S5000 

Uncategorized 
Metal 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
CONTACT-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb 

Unique ID" Waste Stream Name Code 

RL-M003 TRU Mixed Inorganic Debris 
Metal with Corrosives 

RL-M008 TRU Mixed Inorganic Debris 
Metals without Mercury 

RL-M021 TRU Mixed Inorganic Debris 
PCBs with Mercury• 

r ... .... .,J 

Waste Description (WTWBIR)" 

This waste stream consists primarily of inorganic debris. Some of the 
containers contain organic debris (plastic, cellulosics, rubber). 

This waste stream consist primarily of inorganic debris metals. Some 
of the containers contain organic debris (plastic, rubber, cellulosics), 
and soils. 

This waste stream consists primarily of inorganic debris. Some of the 
containers contain organic debris (plastic, cellulosics). The hazardous 
constituents include PCBs and mercury. Note: This waste may 
contain Tse~. ··-1:.!e at unknown levels. 

--

EPA 
Code 

d 

d 
D006 
D007 
D008 

D006 
D008 
D009 
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RH TRU Waste 
Summary Category Waste Matrix 
Group Description Code Group 

Solidified 
lnorganics 

Solidified 
lnorganics 

Homogeneous 
Solids-53000 

Salt Waste 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
REMOTE-HANDLED (RH) TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique 10• Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W146 Uncategorized Inorganic Ten drums of TRU mixed waste sludge was generated from cleaning of 0006 
Sludges four catch tanks. Concentrations of radionuclides and hazardous waste 0007 

vary from drum to drum. 0008 
0009 
0011 

OR-W046 Solidified Liquid Low Level This waste stream is comprised of liquid low-level waste (LLLW) that has 0006 
Waste Tanks - Sludge• been concentrated by evaporation and subsequently stored in large 0007 

underground storage tanks. The waste is generated as relative dilute 0008 
low level waste in various nuclear research and radioisotope fabrication 0009 
processes. These streams are collected centrally and the volumes 
reduced in an evaporation facility. After the waste has been stored, it 
separates into phases. The resulting solids (sludge phase) is fairly 
homogeneous chemically and radiochemically. Because the sludge is a 
product of solids concentration, it has been classified as a TRU waste. 
Note: This stream may contain TSCA waste at unknown levels. 

IN-M001 Electrorefiner Stripped Chloride salts containing residual amounts of Cd and Ba. e 
Salts-Barium (Ba) & 
Cadmium (Cd) 
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RH TRU Waste 
Summary Category Waste Matrix 
Group Description Code Group 

Filter 

Heterogeneous 

Heterogeneous 
Debris Waste - S5000 

Heterogeneous 

Heterogeneous 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
REMOTE-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique to• Waste Stream Name Code Waste Description (WlWBIR)" Code 

AW-M003 TRU Waste Used Pre-filters The waste consists of metal or wood framed pre-filters. Prefilters are e 
2 x 2 x 0.5 feet (ft). HEPA filters are 2 x 2 x 1 ft. Both types of filters 
have screen mesh covering high-efficiency filtering media. The 
concentrations of radioisotopes and RCRA toxic metals vary in each 
filter. These filters were generated from the decontamination of the 
analytical hot cell in 1993. 

AW-W020 TRU-Cd-Hot Cell Waste This waste stream consists of metallic cadmium, soils, and associated 0006 
cleanup materials (paper towels and cloth rags). The waste is 
contaminated with activation and fission products as well as with Pu. 
This waste stream is generated for Fuel Cycle Facility demonstration 
support experiments. 

IN-M002 TRU-Cd-Hot Celt Waste Metallic cadmium, salts, and cleanup material such as paper towels and e 
rags. 

IN-W139 TRU Contaminated Lead This waste is lead contaminated lead debris from various sources. This 0008 
Debris debris includes lead pieces, galvanized sheet metal, copper/bronzeware, 

silicon, impregnated fiberglass, paper, HEPA filters, duct, etc. 

IN-W269B Debris Waste This waste stream, generated at Idaho National Engineering Laboratory, e 
contains laboratory waste from ANL-W including fluxwire, fission 
counters, HEDL samples, analytical samples dissolved and absorbed on 
Oil-Ori, glassware, vials, miscellaneous waste from gtoveboxes, 
dissolved pellets absorbed on Oil-Ori, enriched and normal U-308 
pellets, aluminum foil and capsules, TREATD waste capsules, chlorinated 
ion exchange resins, Pu sources. Laboratory waste includes Kimwipes•, 
trash, glassware, dissolved samples absorbed in Oil-Ori, analytical 
samples, gloves, etc. 

~7 '!5/96 12:42pm 



RH TRU Waste 
Summary Category Waste Matrix 
Group Description Code Group 

Heterogeneous 

Debris Waste - S5000 

Heterogeneous 

Heterogeneous 

Lead/Cadmium 
Metal Waste 

Debris Waste - $5000 Lead/Cadmium 
Metal Waste 

Lead/Cadmium 
Metal Waste 
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TRU MIXED WASTE CHARACTERIZATION INFORMATION 
REMOTE-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W323 Predominantly Combustible This waste stream was generated at ANL-W and at INEL. Most of the D008 
Debris waste is organic and combustible materials including paper, wood, PVC 

and plastic containers and items, rubber gaskets and gloves, leather, 
rags, towels, Q-tips, tubing, filter media, abrasive media and metal 
pieces. Small residuals of moderators and fuel are trapped on the 
filters. Drums of CH waste are stored at the TRU Storage Area (TSA). 
Drums of RH waste are stored at the Intermediate Level TRU Storage 
Facility (IL TSF). 

OR-W040 RH TRU Heterogeneous This waste stream consists of RH TRU waste which is classified as D006 
Debris0 contaminated equipment, decontamination debris or dry solids. The D008 

physical form is solid. Note: This stream may contain TSCA waste at D009 
unknown levels. D011 

RL-M201 Projected RH-MTRU Waste The waste includes failed and obsolete equipment or material, including e 
tanks, pumps, agitators, ovens, heaters, hoods, jumpers, and 
accessories. Some waste will contain wood, plastics, paper, rubber, and 
soils. 

AW-W016 Electrorefiner Stripped This waste stream consists of cadmium dispersed in a copper alloy D006 
Cadmium matrix. This waste stream will be generated from the electrorefiner 

station in the ANL-Fuel Cycle Facility. 

AW-W022 Electro Refiner Insolubles This waste stream consists of cadmium metal with other heavy metals D006 
with Cadmium and "mable" metals (that is, they are not reactive in the FCF 

electrorefining process). This waste stream will be generated from the 
electrorefiner station in the ANL-W Fuel Cycle Facility Integral Fast 
Reactor demonstration. This waste stream includes inorganic 
sludges/particulates. 

IN-M004 Electrorefiner Stripped Encapsulated waste cadmium metal. e 
Cadmium 
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RHTRU Waste 
Summary Category Waste Matrix 
Group Description Code Group 

Lead/Cadmium 
Metal Waste 

Uncategorized 
Metal 

Debris Waste - S5000 Uncategorized 
Metal 

Uncategorized 
Metal 

Uncategorized 
Metal 

Debris Waste - 55000 
Uncategorized 
Metal 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
REMOTE-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-MOOS Electrorefiner Insolubles Cadmium and other heavy metals. e 
with Cadmium 

AW-W018 Sodium -TRU Sodium is used as a primary and secondary coolant for the EBR-11 d 
Reactor. Waste sodium metal is a hazardous constituent of the TRU 
waste stored at the ANL-W Radioactive Scrap and Waste Facility 
(RSWF). Waste at RSWF is RH. This waste is generated during 
maintenance and operational activities. The sodium typically coats 
waste metal equipment, experiments and components removed during 
reactor operations and maintenance activities. 

AW-W019 Sodium Potassium-(NaK) - Sodium potassium alloy is used as a coolant for some components of d 
TRU the EBR-11 reactor. Waste NaK metal is stored at the ANL-W RSWF. 

The RH NaK waste at the RSWF is contained in SS capsules or tubing 
and placed inside carbon steel waste cans which are then placed in SS 
outer cans. The entire package is then stored in RSWF storage liners 
(carbon steel soil storage vaults). The NaK is generated during 
maintenance and operational activities. NaK waste is in canisters with 
TRU waste metal pieces and rods from reactor experiments. 

AW-W021 Metal Debris This waste stream consists of metal, and of EER N fuel elements. This D005 
waste stream will be generated from the "Element Chopper" station in D006 
the ANL-W Fuel Cycle Facility demonstration. 

IN-M003 Element Hardware FCF Small pieces of SS from nuclear fuel. e 
Waste 

IN-W2608 Inorganic Process Residues This waste stream, generated at Bettis Atomic Power Laboratory, e 
contains solid binary scrap as powder, pellets, or rods. The material is 
made of ceramic based U02 and Th02• Some kilorods or fuel rods 
constructed of fuel pellets within hollow zirconium tubes are also 
included. 
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RH TRU Waste 
Summary Category Waste Matrix 
Group Description Code Group 

Uncategorized 
Metal 

Debris Waste - S5000 
Uncategorized 
Metal 

Uncategorized 
Metal 

TABLE C-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TRU MIXED WASTE CHARACTERIZATION INFORMATION 
REMOTE-HANDLED TRANSURANIC WASTE 

Waste 
Stream TRUCONb EPA 

Unique ID" Waste Stream Name Code Waste Description (WTWBIR)" Code 

IN-W322 Sample Fuel Waste consists of actinide neutron sources, a tadrum needle, small vials e 
of fuel, and metal containers of experimental fuel capsules. 

LA-WR01 Mixed Metal Scrap and Mixed metal scrap and incidental combustibles. e 
Incidental Combustibles 

LA-WR05 Noncombustible Scrap Noncombustible scrap-small tools, cans, equipment items, broken e 
glass, etc. 

"Waste stream unique identifications (ID) and waste descriptions are taken from the U.S. Department of Energy (DOE). 1995, 'Waste Isolation Pilot Plant Transuranic Waste Baseline Inventory Report," 
CA0-94-1005, Rev. 1, U.S. Department of Energy, Albuquerque, New Mexico. The WTWBIR contains the most complete description infonnation available at this time. Hazardous contents listed for 
individual waste streams are subject to verification through the WIPP Generator/Storage Site Waste Screening and Acceptance Audit Program (Appendix CS). 
~RUCON = TRUPACT-11 Content 
'Waste streams with unknown levels of TSCA waste, PCBs, or asbestos will have to meet WAP acceptability criteria. 
dAlthough waste generators have previously indicated that some waste streams may have had the potential for reactivity, ignitability, or corrosivity (based on known waste generating processes), the final 
waste fonn accepted for disposal at the WIPP facility would not be pennitted with these characteristics. 
"EPA hazardous waste codes have not been reported by the generators at this time. These wastes will be subjected to the characterization requirements of this WAP prior to acceptance. These may 
or may not actually be TRU mixed wastes but are retained in the table for completeness. 
'Classification of waste matrix code group is based on the waste stream being at least 50 percent of the indicated waste form (e.g., solidified inorganics). Therefore, a cement matrix containing trace 
quantities of F-listed solvents is classified as solidified inorganics. 

NOTE: The use of trade names or brand names in this table does not constitute endorsement by the DOE or its contractors. 
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TABLE C-3 

WIPP RCRA Part 8 Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

RATIONALE FOR SELECTION OF PARAMETERS OF INTEREST 

Toxicity Other Appendix 
Compound• Synonyms CAS Characteristic Listed vm 

Number Contaminant Constituent Constituent 

Acetone .l-l'ropanone, cumetnyl ketone b/-M-1 rVVj 

Antimony /44V-36-0 + 
Arsemc 7440-38-2 0004 + 
Ban um 7440-JIJ-j 0005 + 
Benzene Benzol 71-43-2 UVlll rvv:i + 
Bery111um 7440-41-7 !'UIS + 
Bromotonn Tnllromometnane, 75-25-2 + 

methyl tribromide 

n-Butyl alcohol Butanol, 1-butanol, n-butanol 71-36-3 l'UVj 

Cadmium 7440-43-9 Ouuo + 
Carbon disultide Carbon b1su111ae 75-15-o Fvv:i + 
Carbon tetrachlonde · 1 etrachlorometnane 50-23-:i UUllJ rvvl + 
L-morooenzene IUll-90-7 UU21 rvu..1. + 
cntorotonn Tncntorometnane o/-66-3 UU..1...1. + 
L-nrommm Chrome 7440-47-3 0007 + 
Cresol Cresyhc acid 1319-77-3 UU..1.0 l'UU4 + 
cyctonexane 110-82-7 

1,4-0ichlorobenzene p-01chtorobenzene IUO-'+O-/ 0027 + 
ormo-01cn1orooenzene I ,2-01chlorobenzene 95-50-1 F002 + 
1, 1-u1cn1oroetnane c.wyuaene cmonae 75-34-3 

I ,2-U1chloroethane c.mylene d1chlortde lff/-Uo-.l 0028 + 
c1s- l ,2-01chloroethylene c1s-l ,2-01chloroethene, 156-60-5 + 

sym-Oichloroethylene 

I, l -U1chloroethylene 1, 1-u1chloroetnene, '/)-jJ-'t UU.l'J + 
vinylidene chloride 

2,4 um1tropnenol 51-28-5 + 
2,4-Um1troto1uene l.ll-14-.l UUJO + 
btnyl benzene IU0-41-4 FuuJ 

c.myt etner 01etny1 etner, etner ou..:.zy-7 l'UU3 

l'onnaiaehyde JV-VU-U + 
Hexachlorobenzene 118-74-1 UUJ..I. + 
11exachloroethane ot-72-1 0034 + 
l1ydrazme JU..1.-01-2 + 
lsobutanol lsobutyl alcohol 78-113-l ruu:i + 
Leaa l'+.l:t-IJ.l-1 UUUll + 
Mercury ,,..,:1-1J7-o Ouu:1 + 
Methanol Methyl alcohol 67-56-1 J:<UUJ 
Metnyl etnyl ketone 2-Butanone 78-93-3 UUJ:> l'UU:> + 
Methyl ISODUtyl ketone 4-Metnyl-.l-pentanone, nexone IUll-IU-1 rVVj 

Methylene chlonde Ulchloromethane 75-v:t-2 ruul,ruu..1. + 
Nickel 7440-02-0 + 
N1trooenzene N1trooenzo1 IJll-IJ:>-J UUJo rull't + 
l'entachlorophenot Yl.-Y 87-86-5 UUj/ + 
Polychlonnated b1phenyts \!'USS) 1336-36-3 + 
Pyname 110-110-1 LJVjl) rUUJ + 
:setemum 7711.l-49-2 UVIU + 
Sliver 7440-22-4 uull + 
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TABLE C-3 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 

Revision 5.2 

RATIONALE FOR SELECTION OF PARAMETERS OF INTEREST 

TOXIClty Other Appendix 
Compound" Synonyms CAS Characteristic Listed VIII 

Number Contaminant Constituent Constituent 

/Y-34-5 + 
l, 1,2,2-Tetracbloroethane 

· 1 etrachloroetnylene · 1 etrachloroetnene, 127-llS-4 DUJ9 ruu1,ruu.t + 
perchloroethylene 

tnatuum 7440-:Z.lS-0 + 
·101uene Methyl benzene 108-88-3 ruu;, + 
I, I, 1-rnchloroetnane Methyl cmorotorrn / l-55-6 ruu1,ruu.t + 
1, 1.i.-1 ncn1oroetnane r.mane trJChlon<le /':I-VU-) ruu.t + 
Tnchloroethylene · rnchloroethene 79-01-6 0040 ruul,Fuu.t + 
Tnchlorotluoromethane Freon-I I 75-69-4 Fuul,rvv..: + 
1, 1,2.-1 ncntoro-1.i..i.-tn11uoroetnane treon-1 u 76-U-l rvv1,rvv..: 
1,2,4-lnmetnylbenzene l'seuaocumene 95-6J-6 
l,3,5-Tnmemy1oenzene Mes1tylene !08-67-8 
vanao1um vanao1um ox1<1e U14-o..:-l + 
Vmyl chlon<le 1...,moroetnylene 75-01-4 UU4J + 
m-Xylene 1,3-uJmetnytoenzene IUIS-38-3 ruuJ 
o-xytene 1.i.-u1metnylbenzene ';f;)-'t/-0 rvv.J 
p-Xylene 1,4-Dlffiethylbenzene 106-42-3 ruu.J 

Zmc ~ L 

Ii 

CAS=Chemical Abstracts Number 

• U.S. Department of Energy (DOE), 1995a, "lRU Waste Characterization Quality Assurance Program Plan" (QAPP), 
CA0-94-1010, Rev. 0, Carlsbad Area Office, Carlsbad, New Mexico. 
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TABLE C-4 
RA TIO NALE FOR COMPLIANCE WITH 

PROHIBITED CHARACTERISTIC WASTES 

WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

Prohibited Characteristics Rationale for Transuranic Mixed Waste Compliance 

lgnitability lgnitability 

• Liquid waste. • Waste is not a liquid. Verified by real-time radiography (RTR). 

• Contains pyrophorics or materials capable of spontaneous chemical changes. • Final waste form precludes pyrophorics or spontaneous reactions.• Pyrophorics 
prohibited by waste acceptance criteria (WAC). 

• Contains ignitable compressed gases as defined in 49 Code of Federal Regulations 
(CFR) §173.300. 

• Containers capable of containing any compressed gases are prohibited by the WAC . 
Verified by RTR. 

• Contains oxidizers as defined in Title 49 CFR §173.151. • Acceptable knowledge and final waste form precludes oxidizers. 

Corrosivity Corrosivity 

• Contains aqueous or nonaqueous liquid waste. • Liquid waste (less than one percent by volume) is prohibited by WAC. 

Reactivity 

• Unstable and will readily undergo violent change without detonating. 

• When mixed with water, will react violently, form a potentially explosive mixture, or 
generate harmful toxic gases, vapors, or fumes. 

Reactivity 

• Final waste form precludes reactivity". 

• Acceptable knowledge and final waste form•. 

• If subjected to a strong initiating force or if heated under confinement, will detonate or I • Acceptable knowledge and final waste form'. 
explode. 

• Cyanide- or sulfide-bearing waste. I • Acceptable knowledge and final waste form'. 

• Capable of detonation or explosive decomposition at standard temperature and I • Final waste form precludes detonation or explosive decomposition•. 
pressure. 

• A forbidden explosive as defined in 49 CFR §173.51, a Class A explosive as defined I • Explosives prohibited by WAC. 
in 49 CFR §173.53 or a Class B explosive as defined in 49 CFR §173.88. 

'Waste compatibility analysis in Appendix C1 shows that these reactions will not occur based on waste constituents and final waste form. 
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TABLE C-5 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

voe HEADSPACE CONCENTRATION LIMITS 

COMPOUND MAXIMUM HEADSPACE CONCENTRATION 
(PPM) 

Carbon Tetrachloride 7,510 

Chloroform 6,325 

1, 1-Dichloroethylene 28,750 

1,2-Dichloroethane 9,100 

Methylene Chloride 368,500 

There are no limits for other voes. 
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Waste Matrix Code 

Summary Categories 

S3000-Homogeneous 

Solids 

84000-Soil/Gravel 

TABLE C-6 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR CH TRANSURANIC MIXED WASTE (STORED WASTE) 

Waste Matrix Code Groups Characterization Parameter Method Rationale 

. Solidified inorganics Physical waste form 100% real time radiography . Verify waste matrix . Salt waste (RTR) or visual examination . Demonstrate compliance with . Solidified organics waste acceptance criteria (e.g., 

no free liquids, no incompatible . Contaminated soil/debris wastes, no compressed gases) 

Headspace gases 100% gas sampling and . Quantify concentration of 
- . Gas volatile organic compounds analysis (see Table C-9) flammable voes 

(VOC) . Determine potential flammability 

of transuranic (TRU) waste 

headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes 

Hazardous constituents Statistical sampling• (see . Determine characteristic metals . Total metals Tables C-10 and C-11) and organics . Total VOCs . Determine total quantity of . Total semi-VOCs metals, VOCs, and semi-VOCs 
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Waste Matrix Code 

Summary Categories 

S5000-Debris Waste 

TABLE C-6 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEANIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR CH TRANSURANIC MIXED WASTE (STORED WASTE) 

Waste Matrix Code Groups Characterization Parameter Method Rationale 

. Uncategorized metal (metal waste other Physical waste form 100% RTR . Verify waste matrix 

than lead/cadmium) Visual examination (statistical • Demonstrate compliance with . Lead/cadmium waste sample)" waste acceptance (e.g., no free . Inorganic nonmetal waste liquids, no incompatible wastes, . Combustible waste no compressed gases) . Graphite waste . Heterogeneous waste . Composite filter waste 

Headspace gases 100% gas sampling and . Quantify concentration of . Gas voes analysis (see Table C-9) flammable voes . Determine potential flammability 

of TRU waste headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes . Verify acceptable knowledge 

Hazardous constituents Acceptable knowledge . Determine characteristic metals . Total metals and organics . Total VOCs . Determine total quantity of . Total semi-VOCs metals, voes, and semi-VOCs 
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Waste Matrix Code 

Summary Categories 

S3000-Homogeneous 

Solids 

S4000-SoiVGravel 

TABLE C-6 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR CH TRANSURANIC MIXED WASTE (NEWLY GENERA TED WAS"'(E) 

Waste Matrix Code Groups Characterization Parameter Method Rationale 

. Solidified inorganics Physical waste form Documentation and . Verify waste matrix . Salt waste verificationb . Demonstrate compliance with . Solidified organics waste acceptance criteria (e.g., 

no free liquids, no incompatible . Contaminated soiVdebris wastes, no compressed gases) 

Headspace gases 100% gas sampling and . Quantify concentration of . Gas VOCs (VOCs) analysis (see Table e-9) flammable voes . Determine potential flammability 

of TRU waste headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes 

Hazardous constituents . Determine characteristic metals . Total metals Statistical sampling• and organics . Total voes (see Tables e-10 and e-11) . Determine total quantity of . Total semi-Voes metals, VOes, and semi-VOes 
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Waste Matrix Code 

Summary Categories 

S5000-Debris Waste 

TABLE C-6 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR CH TRANSURANIC MIXED WASTE (NEWLY GENERA TED WASTE) 

Waste Matrix Code Groups Characterization Parameter Method Rationale 

. Uncategorized metal (metal waste other Physical waste form Documentation and . Verify waste matrix 

than lead/cadmium) verificationb . Demonstrate compliance with . Lead/cadmium waste waste acceptance (e.g., no free . Inorganic nonmetal waste liquids, no incompatible wastes, . Combustible waste no compressed gases) . Graphite waste . Heterogeneous waste . Composite filter waste 

Headspace gases 100% gas sampling and . Quantify concentration of . Gas voes analysis (see Table e-9) flammable voes . Determine potential flammability 

of TRU waste headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes . Verify acceptable knowledge 

Hazardous constituents Acceptable knowledge . Determine characteristic metals . Total metals and organics . Total voes . Determine total quantity of . Total semi-VOCs metals, voes, and semi-VOCs 
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TABLE C-6 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJ\/VIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR CH TRANSURANIC MIXED WASTE (STORED WASTE) 

a Number determined per Quality Assurance Program Plan (QAPP), Section 5.0. 

b See discussion in Section 5.3.3 of the QAPP. 

U.S. Department of Energy (DOE), 1995, "TRU Waste Characterization Quality Assurance Program Plan," CA0-94-1010, Rev 0, Carlsbad Area 

Office, Carlsbad, New Mexico. 
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Waste Matrix Code 

Summary Categories 

S3000-Homogeneous 

Solids 

S4000-SoiVGravel 

TABLE C-7 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR RH TRANSURANIC MIXED WASTE (STORED WASTE) 

Waste Matrix Code Groups Characterization Parameter Method Rationale 

. Solidified inorganics Physical waste form Real time radiography (RTR) • Verify waste matrix . Salt waste for wastes <1 rem/hour . Demonstrate compliance with . Solidified organics Visual inspection in hot cell waste acceptance criteria (e.g., 

facilities no free liquids, no incompatible . Contaminated soiVdebris Acceptable knowledge wastes, no compressed gases) 

Headspace gases 100% gas sampling and . Quantify concentration of . Gas voes analysis (see Table C-9) flammable volatile organic 

compounds (VOCs) . Determine potential flammability 

of transuranic (TRU) waste 

headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes 

Hazardous constituents Statistical sampling (see . Determine characteristic metals . Total metals Tables C-10 and C-11) and organics . Total VOCs . Determine total quantity of . Total semi-VOCs metals, voes, and semi-VOCs 
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Waste Matrix Code 

Summary Categories 

S5000-0ebris Waste 

TABLE C-7 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJ\IVIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR RH TRANSURANIC MIXED WASTE (STORED WASTE) 

Waste Matrix Code Groups Characterization Parameter Method Rationale . Uncategorized metal (metal waste other Physical waste form 100% RTR . Verify waste matrix 

than lead/cadmium) Visual examination (statistical • Demonstrate compliance with . Lead/cadmium waste sample) waste acceptance (e.g., no free . Inorganic nonmetal waste liquids, no incompatible wastes, . Combustible waste no compressed gases) . Graphite waste . Heterogeneous waste . Composite filter waste 

Headspace gases 100% gas sampling and . Quantify concentration of . Gas VOCs analysis (see Table C-9) flammable voes . Determine potential flammability 

of TRU waste headspace gases . Quantify concentrations Of VOC 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes . Verify acceptable knowledge 

Hazardous constituents Acceptable knowledge . Determine characteristic metals . Total metals and organics . Total voes . Determine total quantity of . Total semi-VOCs metals, voes, and semi-VOCs 
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Waste Matrix Code 

Summary Categories 

S3000-Homogeneous 

Solids 

S4000-SoiVGravel 

TABLE C-7 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR RH TRANSURANIC MIXED WASTE (NEWLY GENERA TED WASTE) 

Waste Matrix Code Groups 

. Solidified inorganics . Salt waste . Solidified organics 

. Contaminated soiVdebris 

Characterization Parameter 

Physical waste form 

Headspace gases . Gas volatile organic compounds 

(VOCs) 

Hazardous constituents . 
. 
. 

Total metals 

Total voes 

Total semi-VOCs 

. .... 

Method 

Documentation and 

verification 

100% gas sampling and 

analysis (see Table C-9) 

Statistical sampling 

(see Tables C-10 and C-11) 

Rationale 

. Verify waste matrix . Demonstrate compliance with 

waste acceptance criteria (e.g., 

no free liquids, no incompatible 

wastes, no compressed gases) 

. Quantify concentration of 

flammable voes . Determine potential flammability 

of TRU waste headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes 

. Determine characteristic metals 

and organics . Determine total quantity of 

metals, VOCs, and semi-VOCs 
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Waste Matrix Code 

Summary Categories 

S5000-Debris Waste 

TABLE C-7 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

SUMMARY OF PARAMETERS, CHARACTERIZATION METHODS, AND RATIONALE 

FOR RH TRANSURANIC MIXED WASTE (NEWLY GENERA TED WASTE) 

Waste Matrix Code Groups Characterization Parameter Method Rationale 

. Uncategorized metal (metal waste other Physical waste form Documentation and . Verify waste matrix 

than lead/cadmium) verification . Demonstrate compliance with . Lead/cadmium waste waste acceptance (e.g., no free . Inorganic nonmetal waste liquids, no incompatible wastes, . Combustible waste no compressed gases) . Graphite waste . Heterogeneous waste . Composite filter waste 

Headspace gases 100% gas sampling and . Quantify concentration of . Gas voes analysis (see Table C-9) flammable voes . Determine potential flammability 

of TRU waste headspace gases . Quantify concentrations of voe 

constituents in headspace of 

containers . Support demonstration of no 

migration by headspace voes . Verify acceptable knowledge 

Hazardous constituents Acceptable knowledge . Determine characteristic metals . Total metals and organics . Total voes . Determine total quantity of . Total semi-VOCs metals, voes, and semi-voes 
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T.~BLE C-8 

WIPP RCRA Part 8 Permit Applic;1tion 
DOEJWIPP 91-00!: 

Revisior1 5.2 

SUMMARY OF HAZARDOUS WA~TE CHARACTERIZATION REQUIREMENTS 
FOR TRANSURANIC MIXED WASTE8 

-
~] Parameter Techniques 

Physical Waste Form Waste Inspection Procedures I 

Matrix Parameter Categories Radiography 
Summary Visual Examination 
Category Names (QAPP Section 10.0) 
S3000 Homogeneous Solid 
S4000 Soil/Gravel 
S5000 Debris Wastes 

-
Headspace Gases Gas Analysis 

Volatile Organic Compounds Gas Chromatography (GC)/Mass Spectroscopy (MS) 
(QAPP Section 12.0) 

Benzene Alcohols and Ketones 
Bromoform Acetone GC/MS 
Carbon tetrachloride Butanol GC/Flame Ionization Detector (FID) 
Chlorobenzene Methanol (QAPP Section 12.0) 
Chloroform Methyl ethyl ketone 
Cyclohexane Methyl isobutyl ketone ' 
1, 1-Dichloroethane 
1,2-Dichloroethane 
1, 1-Dichloroethylene 
(cis)-1,2-Dichloroethylene 
Ethyl benzene 
Ethyl ether 
Formaldehyde 
Hydrazine 
Methylene chloride I 

I 

1, 1,2,2-Tetrachloroethane 
T etrachloroethylene 
Toluene 
1, 1, 1-Trichloroethane 
Trichloroethylene 
1, 1,2-Trichloro-1,2,2-trifluoroethane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Xylenes 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TABLE C-8 (CONTINUED) 
SUMMARY OF HAZARDOUS WASTE CHARACTERIZATION REQUIREMENTS 

FOR TRANSURANIC MIXED WASTE8 

Parameter Techniques 

Total Volatile Organic Total Volatile Organic Compound Anal)t'.sis 
Compounds 
Acetone lsobutanol GC/MS 
Benzene Methanol GC/FID 
Bromoform Methyl ethyl ketone (QAPP Section 13.0) 
Butanol Methyl isobutyl ketone 
Carbon disulfide Methylene chloride Acceptable Knowledge for Matrix Parameter Summary 
Carbon tetrachloride 2-Nitropropaneb Category S5000 (Debris Wastes) 
Chlorobenzene Pyridine 
Chloroform 1, 1,2,2-Tetrachloroethane 
1,4-Dichlorobenzene Tetrachloroethylene 
o-Dichlorobenzene Toluene 
1,2-Dichloroethane 1, 1,2-Trichloro-1,2,2-trifluoroethane 
1, 1-Dichloroethylene Trichlorofluoromethane 
2-Ethoxyethanol 1, 1, 1-T richloroethane 
Ethyl acetateb 1, 1,2-Trichloroethane 
Ethyl benzene Trichloroethylene 
Ethyl ether Vinyl chloride 
Formaldehyde Xylenes 
Hydrazine 

Total Semivolatile Organic Compounds Total Semivolatile Organic Compound Anall£sis 
Cresols GC/MS 
1,4-Dichlorobenzene0 GC/ECD for PCBs 
O-Dichlorobenzene0 (QAPP Section 14.0) 
2,4-Dinitrophenol 
2,4-Dinitrotoluene Acceptable Knowledge for Matrix Parameter Summary 
Hexachlorobenzene Category S5000 (Debris Wastes) 
Hexachloroethane 
Nitro benzene 
Polychlorinated biphenyls 
Pentachlorophenol 
Pyridine0 

Total Metals Total Metals AnalJlsis 
Antimony Mercury Atomic MS 
Arsenic Nickel Atomic Emission Spectroscopy 
Barium Selenium Atomic Absorption Spectroscopy 
Beryllium Silver (QAPP Section 15.0) 
Cadmium Thallium 
Chromium Vanadium Acceptable Knowledge for Matrix Parameter Summary 
Lead Zinc Category S5000 (Debris Wastes) 

• U.S. Department of Energy (DOE), 1995a, "TRU Waste Characterization Quality Assurance Program Plan" (QAPP), CA0-94-
1010, Rev. 0, Car1sbad Area Office, Car1sbad, New Mexico. 

b Analytical data have not been established for these tentatively identified compounds. They will be added to the target analyte list 
according to QAPP implemented criteria if they occur in >25% of the analyses. 

° Can also be analyzed as a volatile organic compound. 
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HEADSPACE TARGET ANALYTE LIST AND METHODS 

Parameter Methods Manual Method EPA Specified Analytical Method 

Benzene 
Bromoform 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Cyclohexane 
1, 1-Dichloroethane 
1,2-Dichloroethane 
1, 1-Dichloroethylene 
(cis)-1,2-Dichloroethylene 
Ethyl benzene 

430.1 
Ethyl ether 

430.2 
EPA: Modified T0-14•; 

Formaldehyde Modified 8240/8260 
Hydrazine 
Methylene chloride 
1, 1,2,2-Tetrachloroethane 
T etrachloroethylene 
Toluene 
1, 1, 1-Trichloroethane 
Trichloroethylene 
1, 1,2-Trichloro-1,2,2-trifluoroethane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Xylenes 

Acetone 
430.1 

Butanol 
430.2 

EPA: Modified T0-14•; 
Methanol 

440.4 
Modified 8240/8260 

Methy ethyl ketone 
Methyl isobutyl ketone 

• U.S. Environmental Protection Agency (EPA), 1988, "Compendium Method T0-14, the Determination of Volatile 
Organic Compounds (VOC} in Ambient Air Using SUMMAe Passivated Canister Sampling and Gas Chromatographic 
Analysis," in Compendium of Methods for the Determination of Toxic Organic Compounds on Ambient Air. Research 
Triangle Park, North Carolina, Quality Assurance Division, Monitoring System Laboratory, U.S. EPA. The most 
current revision of the specified methods will be used. 
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REQUIRED ORGANIC ANALYSES AND TEST METHODS 
ORGANIZED BY ORGANIC ANALYTICAL GROUPS 

Organic Methods Manual EPA Specified Analytical 
Analytical Group Required Organic Analyses Method Method" 

Nonhalogenated Acetone 
Volatile Organic Benzene 
Compounds n-Butanol 
(VOC) Carbon disulfide 

Ethyl acetateb 
Ethyl benzene 
Ethyl ether 

430.3 
8240 

2-Ethoxyethanolb 
430.4 

8260 
Formaldehyde 

440.2 
8000 

Hydrazineb 8015 
lsobutanol 
Methanol 
Methyl ethyl ketone 
Methyl isobutyl ketone 
2-Nitropropaneb 
Toluene 
Xylenes 

Halogenated Bromoform 
voes Carbon tetrachloride 

Chlorobenzene 
Chloroform 
1 ,2-Dichloroethane 
1 , 1-Dichloroethylene 
Methylene chloride 

430.3 8240 
1, 1,2,2-Tetrachloroethane 

430.4 8260 
Tetrachloroethylene 
1, 1,2-Trichloroethane 
1, 1, 1-Trichloroethane 
Trichloroethylene 
Trichlorofluoromethane 
1, 1,2-Trichloro-1,2,2-
trifluoroethane 
Vinyl Chloride 
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Organic 

TABLE C-10 (CONTINUED) 
REQUIRED ORGANIC ANALYSES AND TEST METHODS 

ORGANIZED BY ORGANIC ANALYTICAL GROUPS 

Methods Manual EPA Specified Analytical 
Analytical Group Required Organic Analyses Method Method• 

Semivolatile Cresols (o, m, p) 
Organic 1,2-Dichlorobenzenec 
Compounds 
(SVOC) 

1 .4-Dichlorobenzenec 
8250 

2.4-Dinitrophenol 
8270 

2 .4-Dinitrotoluene 430.5 
3350 

Hexachlorobenzene 430.6 
3620 

Hexachloroethane 440.3 (for PCBs only) 
8000 

Nitrobenzene 
8081 (for PCBs only) 

Polychlorinated biphenyls 
(PCB)d 
Pentachlorophenol 
Pyridinec .,, 

• U.S. Environmental Protection Agency (EPA), 1993, "Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods," SW-846, Third Edition Final Update I and Final Update II. Equivalent methods are demonstrated by 
meeting the quality assurance/quality control requirements specified in the CAPP and SW-846 protocols. The 
most current revision of the specified methods will be used. 

b Sites will have to develop an analytical method for hydrazine. This method will be submitted to the DOE CAO for 
approval. 

c These compounds may also be analyzed as VOCs by SW-846 Methods 82408 and 8260A. 
d Transformer oils containing PCBs have been identified in a limited number of waste streams included in the 

organic sludges. Therefore, only waste streams included in the solidified organics final waste form must be 
analyzed for PCBs. 

C-128 01/15196 1 :31 pm 



Parameters 

TABLE C-11 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

SUMMARY OF SAMPLE PREPARATION AND 
ANALYTICAL METHODS FOR TOTAL METALS 

Methods Manual Method EPA-Specified Analytical Methods8 

Sample Preparation 610.1, 620.1 3051, or equivalent, as appropriate 
for analytical method 

Total Antimony 630.1, 640.1, 650.1, 650.2, 6010, 6020, 7040, 7041, 7062 
650.5 

Total Arsenic 630.1, 640.1, 650.4, 650.5 6010, 6020, 7060, 7061, 7062 

Total Barium 630.1, 640.1, 650.1, 650.2 6010, 6020, 7080, 7081 

Total Beryllium 630.1, 640.1, 650.1, 650.2 6010, 6020, 7090, 7091 

Total Cadmium 630.1, 640.1, 650.1, 650.2 6010, 6020, 7130, 7131 

Total Chromium 630.1, 640.1, 650.1, 650.2 6010, 6020, 7190, 7191 

Total Lead 630.1, 640.1, 650.1, 650.2 6010, 6020, 7420, 7421 

Total Mercury 650.3 7470, 7471 

Total Nickel 630.1, 640.1, 650.1, 650.2 6010, 6020, 7520 

Total Selenium 630.1, 640.1, 650.6, 650.7 6010, 7740, 7741, 7742 

Total Silver 630.1, 640.1, 650.1, 650.2 6010, 6020, 7760, 7761 

Total Thallium 630.1, 640.1, 650.1, 650.2 6010, 6020, 7840, 7841 

Total Vanadium 630.1, 640.1, 650.1, 650.2 6010, 7910, 7911 

Total Zinc 630.1, 640.1, 650.1, 650.2 6010, 6020, 7950, 7951 

a U.S. Environmental Protection Agency (EPA), 1986 as amended by FR 46040, August 31, 
1993. "Test Methods for Evaluating Solid Waste," Laboratory Manual Physical/Chemical 
Methods, SW-846, 3rd ed., U.S. Environmental Protection Agency, Office of Solid Waste 
and Emergency Response, Washington, D.C. Equivalent methods are demonstrated by 
meeting the quality assurance/quality control requirements specified in the Quality 
Assurance Program Plan (QAPP) and SW-846 protocols. The most recent version of the 
specified methods will be used. 
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WIPP WASTE INFORMATION SYSTEM DATA FIELDS1 

Characterization Module Data Fields 2 

Container ID 3 Totals Sample Date 
Generator EPA ID Totals Analysis Date 
Generator Address Totals Analyte Name 4 

Generator Name Totals Analyte Concentration 4 

Generator Contact Semi-VOC Sample Date 
Hazardous Code Semi-VOC Analysis Date 
Headspace Gas Sample Date Semi-VOC Analyte Name 4 

Headspace Gas Analysis Date Semi-VOC Concentration 4 

Headspace Gas Analyte 4 Transporter EPA ID 
Headspace Gas Concentration 4 Transporter Name 
Headspace Gas Char. Method 4 Visual Exam Container 5 

Item Description Code Waste Material Parameter 4 

Haz. Manifest Number Waste Material Weight 4 

NOE Complete 5 Waste Matrix Code 
PCB Concentration 6 Waste Matrix Code Group 

Waste Stream Profile Number 

Certification Module Data Fields 

Container ID 3 Fissile Gram Equiv. 
Container type Radioassay (RA) Date 
Container Weight RA Method 
Contact Dose Rate Radionuclide 4 

Container Certification date Radionuclide Quan. 4 

Container Closure Date Handling Code 
Container Liner Type Waste Weight 
Decay Heat Waste Fill% 
Overpack Number (if any) Surface Contamination 
PE Curie Equiv. Alpha Activity 

Transportation Data Module 

Shipment Number Layers of Packaging 
TRUP ACT Number Ship Category 
Assembly Number 7 Ship Certification Date 
Container IDs 3 

.. 
4 Ship Date 

Filter Model Receive Date 
Filter Date Vehicle Type 
ICY Closure Date 
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TABLE C-12 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

WIPP WASTE INFORMATION SYSTEM DATA FIELDS 

Disposal Module Data 

Container ID 3 

Disposal Date 
Disposal Location 

This is not a complete list of the WWIS data fields, but is a subset that contains the fields that are pertinent 
to RCRA. 

Some of the fields required for characterization are also required for certification and/or transportation. 

Container ID is the main relational field in the WWIS Database. 

This is a multiple occurring field for each analyte, nuclide, etc. 

These are logical fields requiring only a yes/no. 

Limits are applied to many fields. The limit for PCBs is 50 ppm. 

Required for 7-Packs of 55 gal drums to tie all of the drums in that assembly together. This facilitates the 
identification of waste containers in a shipment without need to breakup the assembly. 
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POTENTIAL POPULATION OF NEWLY GENERATED WASTE 

VERIFY PROCESSES GENERATING WASTE HAVE OPERATED WITHIN ADMINISTRATIVE CONTROLS 
ACCEPTABLE KNOWLEDGE 
(C-4b) 

WASTE ASSIGNED TO A WASTE STREAM AND 
INITIAL HAZARDOUS WASTE DETERMINATION MADE 

VERIFICATION N 
SUPPORTS ORIGINAL >--------' 
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S3000 S4000 
HOMOGENEOUS SOIL/GRAVEL 

TOTALS ANALYSIS (C-4a) 
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S5000 
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(C-4a) 

MAKE FINAL HAZARDOUS WASTE DETERMINATION 
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FOR ACCEPTABLE 

KNOWLEDGE 

PREPARE WASTE STREAM PROFILE FORM 

Figure C-1 
Data Collection Design for Characterization of Newly Generated Waste 
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S3000 
HOMOGENEOUS 

TOTAL POPULATION OF RETRIEVABLY STORED WASTE 

ACCEPTABLE KNOWLEDGE 
(C-4b) 

WASTE ASSIGNED TO A WASTE STREAM AND 
INITIAL HAZARDOUS WASTE DETERMINATION MADE 

RADIOGRAPHY 100% 
(C-4c) 

SUPPORTS N 
ORIGINAL WASTE STREAM >--------' 

ASSIGNMENT 

CONTAINS FREE 
LIQUID 

y 
>-----~----; REPACKAGE 

SUPPORTS N REVISE HAZARDOUS 
PREVIOUS HAZARDOUS WASTE >---- WASTE DETERMINATION 

TOTALS ANALYSIS (C-4o) 

ASSIGNMENTS (C-4a) 

S4000 
SOIL/GRAVEL 

S5000 
DEBRIS 

VISUAL EXAMINATION 

SUPPORTS 
RADIOGRAPHY REDEFINE WASTE 

STREAM & INCREASE 
FREQUENCY OF 

VISUAL 
EXAMINATION 

MAKE FINAL HAZARDOUS WASTE DETERMINATION 

HAS 
ACCEPTABLE KNOWLEDG 

BEEN CONFIRMED? 

REEVALUATE BASIS 
FOR ACCEPTABLE 

KNOWLEDGE 

PREPARE WASTE STREAM PROFILE FORM 

Figure C-2 
Data Collection Design for Characterization of Retrievably Stored Waste 
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AL Ames Laboratory 

RF 

* 
*LA 
~SA 

AE Argonne National Laboratory-East 
AW Argonne National Laboratory-West 
ET Energy Technology Engineering Center 
IN Idaho National Engineering Laboratory 
KA Knolls Atomic Power Laboratory-Knolls Site 
LA Los Alamos National Laboratory 
LB Lawrence Berkeley Laboratory 
LL Lawrence Livermore National Laboratory 
MD Mound Plant 
MU University of Missouri 
NT Nevada Test Site 
OR Oak Ridge National Laboratory 
PA Paducah Gaseous Diffusion Plant 
RF Rocky Flats Environmental Technology Site 
RL Richland (Hanford) Site 
SA Sandia National Laboratories/New Mexico 
SR Savannah River Site 

*Indicates Major Site 

~ Indicates Minor Site 

Figure C-3 
U.S. Department of Energy Transuranic Mixed Waste Generator/Storage Sites 

C-135 
RCRAC-3 



2 

Form Number ____ _ 
Page __ of __ 

WlPP WASTE STREAM PROFILE FORM 

Shipper1Generator Information: 
Site Name _______________ ; EPA ID __________________ _ 

Tech. Contact ______________ ! Phone--------------------

Orig. Generator-------------/ EPA ID-------------------

Waste Stream Information: 

Check one: D CH D RH 

Waste Stream WIPP ID------------------
Summary Category Group ____________ /Waste Matrix Code Group-----------
Waste Stream Name ___________________________ _ 

Description _________________________________ _ 

Date of WAC Certification------------

Title. version number. and date of documents used for WAC certification: 

Number of SWBs __ Number of Drums __ Number of Canisters __ 

List all applicable EPA Hazardous Waste Codes----------------

Acceptable Knowledge Information: 

Required Program Information 

CJ Map of Site 

D Facility Mission Description 

D Description of Operations that 

Generate Waste 

0 Waste ldentificatiowCategonzation 

Schemes 

D Types and quantities of waste generated 

CJ Correlation of waste streams generated 

from the same building and process. 

as appropriate 

D Waste certification procedures 

Required Waste Stream Information 

D Area(s) and building(s) from which the waste 

stream was generated 

CJ 

D 

Waste stream volume and time period of 

generation 

Process flow diagrams 

Figure C-4 

Supporting Documentation Used 

(References and dates) 

WIPP Waste Stream Profile Form 
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D :v1aterial inputs of other information 1dent1fying 

chemical/radionuclide content and 

physical waste form 

Supplemental Documentation 

D Process design documents 

D Standard operatmg procedures 

CJ Safety Analysis Reports 

0 Waste Packaging Logs 

D Test Plans/Research Project Reports 

[J Site Databases 

[J Information from Site Personnel 

D Standard Industry Documents 

D Previous Analytical Data 

D Material Safety Data Sheets 

D Sampling and Analysis Data from 

Comparable/Surrogate Waste 

D Laboratory Notebooks 

Sampling and Analysis Information*: 

D Radiography 

D Visual Examination 

CJ Headspace Gas Analysis 

voes 
Other Gases (Specify) 

CJ Homogeneous Solids/Soil/Gravel Sample Analysis 

voes 
Semi-VOCs 

PCBs 

Total Metals 

Other (specd'y) 

Form Number _____ _ 
Page __ of __ 

Sampling and Analysis Procedures 

(reference and date) 

Waste Characterization Data Package Numbers:---------------------------

• Attach signed waste characterization summary data package to support hazardous waste code assignment to form 

Certification: 
I hereby certify that I have reviewed the information in this Waste Stream Profile Form. and it is complete and accurate to 
the best of my knowledge. I understand that this information will be made available to regulatory agencies and that there 
are significant penalties for submitting false information. including the possibility of fines and imprisonment for knowing 
violations. 

Signature of Site Project Manager Printed Name and Title Date 

Figure C-4 
WIPP Waste Stream Profile Form (Continued) 
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DATA GENERATION 
LEVEL 

• QAO CHECKS 
• DATA VALIDATION 

-ANALYST 
-QA OFFICER 
-MANAGEMENT 

• SIGNATURE RELEASE 

2 

SITE PROJECT 
LEVEL 

• DQO RECONCILIATION 
• COMPLETENESS CHECK 
• SIGNATURE RELEASE 

I 
I PHASE I I 

• INITIAL AUDIT 
• WSPF REVIEW 

& APPROVAL 
• WWIS DATA 

3 

WIPP 
LEVEL 

l 

EDIT /LIMIT CHECKS 
• ANNUAL & 

UNANNOUNCED AUDITS 

LEGEND: 

l 
[PliASEU I 

• UHWM CHECK 
• LDR CHECK 
• VERIFICATION 

OF THE SHIPMENT 
• COMPARISON WITH 

WWIS DATA 

QAO = QUALITY ASSURANCE OBJECTIVES (METHODS) 
DQO = DATA QUALITY OBJECTIVE (PROJECT LEVEL) 
WSPF = WASTE STREAM PROFILE FORM 
UHWM = UNIFORM HAZARDOUS WASTE MANIFEST 
LOR = LAND DISPOSAL RESTRICTION NOTICE 
WWIS = WIPP WASTE INFORMATION SYSTEM 



WIPP WASTE ISOLATION PILOT PLANT 

PHASE I 

PHASE II 

GENERATOR SITES COMPILE DATA FOR 
WASTE SCREENING DETERMINATIONS 

(SECTIONS C-4 AND C-5) 

DOE/CAO & WIPP FACILITY PERSONNEL 
EXAMINE DATA REPORTS 

AND WASTE STREAM PROFILE FORMS 
(SECTION C-5a) 

NOTIFY GENERATOR OF ACCEPTABLE 
WASTE STREAM AND RELEASE TO SHIP 

CONTAINERS WITH THAT WASTE STREAM ID 
(SECTION C-5a) 

WASTE CERTIFICATION DATA 
IS TRANSMITIED TO WWIS 

YES 

WASTE IS SHIPPED 
TO THE WIPP 

SIGN THE MANIFEST TO 
RELEASE THE DRIVER 

CONDUCT PHASE II 
WASTE SCREENING AND VERIFICATION 

(SECTION C-5b) 

NO 

INITIAL GENERATOR 
SITE AUDIT 

(SECTION C-5a) 

WASTE CANNOT BE 
TRANSPORTED TO THE 

WIPP FACILITY 

NO NOTE SIGNIFICANT 
DISCREPANCIES ON 
MANIFEST COPIES 

ACCEPT WASTE 
FOR DISPOSAL 
AT THE WIPP 

YES RETAIN WASTE UNTIL 
RESOLUTION OBTAINED. 

Rgure C-6 

TAU Waste Screening Flow Diagram 
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CHEMICAL COMPATIBILITY ANALYSIS 
OF WASTE FORMS AND CONTAINER MATERIALS 

2 

3 

m1:=:9n~m!iil.i:P:mlit11m1:1ni.1¥ilf::::wi.i::91:rr119::::91::m1n::=ii![s!t~n~::s.!n~r1~;::::~0~11!tnins!im: 4 

(lnt.):::11=n~Yri:o1!::::~m~):::::1mtt:ri\tm1~•rn!ms!!m:::::mimm:&1mrmmim:::::ii!~i::::i!rt:im~H:me9m:::::1fa~m1 5 

~~~~~·:Ji9!~21:::::!mme1:':::111:r1u:m!:m:1):::::w1:~~Yr~:o1!::::1t,1,~t1:::::§;~,m~!:rn:n111~11:::::1t:P:11:::::-J,f:U 6 

~mmm::.:::::1::~111m::::::1]!mm:1.@1:::::e1:::mi§~J:w!1t1::::§~r1!1~:::::1,~t::srr11m:::1,n::::m!P:~@1m,g:=:::(1,n:!et@r::m~!l:;::1:rnm1 7 

rlP:9:m11:::P:P::11n~::q~:81:::~na::Bm::1~~!1~::1!~rnr~1::vtnfti9::~nmYsn::•::11=u1iw?1nir~t!tl§~P:m11:::1:1,1 8 

W:ii!~=:::§ifiin~m.1:::1n~::::mP:iie!!n9!:::111ft:::e1s.r'-m:i: 9 

All information for the chemical lists and compatibility study is maintained in data bases on a 1 o 
personal computer. The chemicals reported by the generator sites are classified into reaction 11 

groups as defined by the U.S. Environmental Protection Agency (EPA) document, A Method for 12 

Determining the Compatibility of Hazardous Wastes (EPA.!1,!~i.l!m@:::!;t:!mi 1980). The chemical 13 

lists are printed directly derived from the Transuranic Package Transporter (TRUPACT-11) data 14 

bases using a print program, EPA hazardous waste codes listed in the WTWBIR, and waste 15 

descriptions. 16 

A data base program was developed to evaluate the chemical compatibility of the 'l!llUB 1 7 

waste §~rl!mi- Potential incompatibilities are these defined 9!@E1:9.9r~::::~·::qf the EPA document 18 

(Hatayama et al., 1980), which identifies combinations of chemical groups that are incompatible 19 

and ~nm:Rim~il.iifi~~:::(t:ffiis~::nilli\ii.iim~t!§!g)ii§fi!!I!~imti:il!1991P:~!mtii::9n@mi!i~[it9Mi~:;: All &YGR 20 
comeinations ~O!P:l.1!9§J.i::::l!!mt~i have been entered into a reference data base to be used 21 

in assessing the chemical compatibility of a given list of chemicals. The logic of the program 22 

used in evaluating the chemical compatibility by content code is described in detail below. 23 

As an initial step, the program indexes the entire data base according to content IJi!:::mm!B 24 

Wasti!Fi.tream: codes. The program then locates the first reaction group within the first content 25 

ii.ii,~:\·mji code and picks the highest concentration of any chemical in that group. The 26 

~l'.!!if:~:~::rl@§~qg group is then paired with every other 11!!99 group in the data ease II!!! 27 

~!\§im! to check for incompatibility. If a potential incompatibility is found, it is printed out along 28 

with the corresponding content w.Ait~W$.tf§l.m: codes. After finding all potential incompatibilities 29 

for that content ~::::~mla\i\li!~~igiiim:···code·:····the program moves on to the next content llB 30 

!ti!li code until all content WB!fflm.t~iro:::;m,g have been processed. 31 

To ensure accuracy, the reference data base was printed and checked against the EPA 32 

document for chemical compatibility, and the TRUPACT II YVDl.ISJR\\W.aie.:)$.tr§.1.m' data base was 33 

printed and checked against the original suemittal :mm!i~··i()"m15···irom·.·th·e·.·99·r;9·rator sites. The 34 

list of potential chemical incompatibilities reported by the program was hand checked using the 35 

EPA document as a reference to assure proper functioning of the program. All potential 36 

chemical incompatibilities were then evaluated on a case-by-case basis to identify which, if any, 37 
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of the reactions could occur, given the nature of the waste, and the its chemical constituents, ~rjg 1 

tlnr.:!FM't~~~~:::t~rm;: 2 

Waste streams are classified as "incompatible" if the potential exists for any of the following 3 

reactions: 4 

• corrosion s 
• explosion 6 

• heat generation 7 

• gas generation (flammable gases) 8 

• pressure build-up (nonflammable gases) 9 

• toxic by-product generation 1 o 

Each generator and storage site has produced a comprehensive list of all possible chemicals 11 

present in its waste. The chemical components found in each waste generation process are 12 

determined by examination of the process technology, by chemical analysis, or by process flow 13 

analysis. Under this system, all chemical inputs into the system are accounted for, even though 14 

all of these components may not be a part of the waste. For example, generator sites might 1 s 
include both acids and bases in their lists, even though the two groups have been neutralized 16 

prior to placement in a waste container. In addition to the chemical components reported by the 17 

generator the following components 'Nere added to the data base for each content code in 18 

dominant (>10 1Neight %) quantities: 19 

Group 23 Metals, other elemental and alloys, as sheets, Rods, moldings, drops, etc. 20 

Low Carbon Steel 21 

Group 101 Combustible Materials 22 

Polyethylene 23 

Low carbon steel and polyethylene were added to evaluate chemical compatibility betv;1een the 24 

waste materials and the container materials. 2s 

~rli:~i99i!iso:::t2:m1~:::8n~mi~!~::u~t~a:f:o::eeei:n2:11:::g:::2~:~0i::JBR1::9229miml:::{M1t~ii~m1::::~~::~mn~:~Qlii 26 
the f9i!t9mt!§. components that exhibit toxicity characteristics defined under 40 CFR §261.24 were 27 

atse added to the chemical list in trace (less than one weight percent) quantities: 28 

Group 3 Acids, Organic 
2,4-D 
2,4,5-TP (Silvex) 

Group 7 Amines, Aliphatic and Aromatic 
Pyridine 
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Group 16 Hydrocarbons, Aromatic 
Benzene 

Group 17 Halogenated Organics 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 
Carbon Tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
1,4 Dichlorobenzene 
1,2 Dichloroethane 
1, 1 Dichloroethylene 
Heptachlor 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Pentachlorophenol 
Tetrachloroethylene 
Trichloroethylene 
2,4, 5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl Chloride 

Group 19 Ketones 
Methyl ethyl ketone (MEK) 

Group 27 Nitro Compounds 
1, 1 DinitrotG~tleA& 
Nitro benzene 

Group 31 Phenols and Cresols 
0 cresol 
M cresol 
P cresol 
Cresci 
Pentachlorophenol 
2,4,5 Trichlorophenol 
2,4 ,6 Trichlorophenol 
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Greup 103 Polymerizable Compounds 
Vinyl Chloride 2 

The compounds used in the f.ormulation of WIPP Brine A and 'NIPP Brine B were added to 3 
evaluate potential chemical incompatibilities resulting from the addition of brine to the test y,•aste. 4 
The reactive compounds found in \NIPP Brines are: 5 

GROUP COMPOUND COt>JCEt>JTRATION 6 

1 hydrochloric acid T 7 
106 water D 8 

1~1::]1~1:1:ree?i••·p1:n§~!t!i!in~~::::::1~!t!i:,:1n:::::tni::~m~;%::m11·::1;:::::1ri•••P:t~~!:1)~::::1n::::ln!••:90im!21!•::a1!ti:::::111s 9 

!¢£99:nt~9::12t::m:::m~::22rnP:~U9!!lw:::1rt~w§!§i 1 a 

The compounds listed on the ~!t~!!~i:••§@!~Y::Jl@~i:§!ll'=~ (MSDS) for Radiacwash were added 11 
to the chemical compatibility assessment. The reactive compounds associated with Radiacwash 12 
are: 

GROUP 
3 

106 

COMPOUND 
citric acid 
water 

CONCENTRATION 
M 
D 

13 
14 
15 
16 

The compounds found in the fire suppressants in use at the WIPP facility were added to evaluate 17 
chemical compatibility of these materials with the test-wastes. The following reactive compounds 18 
were added: 19 

GROUP COMPOUND CONCENTRATION 20 

:1:1··:·•:::::.:::m:: •. , •• • ,:.:::911m¥n~n~=111991:::1en9m9!¥J•!lir.:::::::.:::::m 21 
· .•. 1 .•. · ... !.9.:.: ..•. :.:.\:.•'.=°.'.•.•.:.•.:.•.!.!.!.!.!!.\\.: : .••.••.••.••.••.••.••.••.••.• :.•: ..•. :.,: .. •.: ..•. • .. =.f ..... 1 .. u ........ 9 .......... r ..... o. ... ·. sfaiifactaht$:: · : \J/ :•:•: :::::: •=::::{: ;:: •tt•J t:::o 2 2 ·=·=·=·:·.·.·:-:-·-:-:-:-:-:-:-:-:-:·:·:·:·:··· ::::::::::::::::::::::::::::::·:·:: ::::::::::::::::::: 

106 water D 23 

Ansulite 6% AFFF (AFC-3) contains 9,f,~!fiYl§fi~i!lJ.!!@B!i\19p§~!Y!i!l!!;p~f;::!mfµp:t,qi,ptJ'.~l@p!;t@pg 24 
water, the only reactive compound f.ound in the fire suppressant products. Purple K Dry 25 
Chemical Extinguishing Agent and i~~ FORAY Dry Chemical Extinguishing Agent contained no 26 

rea~woompoundsl~l~~~~~~~~27 
men9imrn9e!?m•fa~oe~en1~~:;•:•:!mme1m9:11••:~9:!m!~i••••1m1•••rn"tn¥!:•••n¥1r2s.imH?:eW:!:~!e~n~m:w~jirn:··•11: 28 

nP:~·:=n!i@t21e":::1:!P:P:Yt•::•1en111;9~0.1* 29 

1r2~•1::•gi:•::::::1;t1!~;:::::2~nmr•:•@!i:mi:i!t~•:•mn1::•·1!!e¥1•:::11•:·:~ni~!1•1••::11j~•jm9!a!•n9§~::a1ei;:•::it1; 32 

m:::g@m1n•:::1~11.r:::::1 33 
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1rty:p,::::1:~H1mem:~!~~191~.:1~~~n~!~: 1 

B!!litn!!~fi~]!R 2 

The chemical concentration levels are reported as either Trace (D (<1 % by weight), Minor (M) 3 

(1-10%), or Dominant (D) (>10%). The chemical list is divided into groups based on chemical 4 

properties and structure (e.g., acids, caustics, metals, etc.). If incompatible groups are 5 

combined, the possibility exists for the reactions listed above. For example, a reaction between 6 

Group 1 (Acids, Mineral, Non-oxidizing) and Group 10 (Caustics) could result in heat generation. 7 

Possible chemical incompatibilities between compounds present in trace quantities (<1 percent 8 

by weight) and compounds present in concentrations~ 1 percent by weight (i.e., D x T, D x T1, 9 

D x T2, D x T3, M x T, M x T1, M x T2, or M x T3) are included in this report. However, 1 o 
interactions between compounds present in trace quantities (<1 percent by weight) and 11 

compounds present in concentrations ~ 1 percent by weight do not pose an incompatibility 12 

problem for the following reasons: 13 

• The trace chemicals reported by the sites are in concentrations well below the trace 14 

limit of 1 weight percent. Sampling programs show that the concentration levels of 15 

these compounds are significantly lower than the upper limit of 1 percent. 16 

• The trace chemicals are usually dispersed in the waste, which further dilutes 17 

concentrations of these materials. 18 

• Trace chemicals that might be incompatible with major and dominant 19 

materials/chemicals would have reacted during the waste treatment process prior to 20 

placement in waste containers. 21 

• Because of restrictions imposed by the EPA on reporting of hazardous wastes, some 22 

chemicals are listed in trace quantities even if they have already reacted. Hazardous 23 

waste regulations as promulgated by the EPA (EPA, 1988) (known as the mixture rule) 24 

require that a mixture of any solid waste and a hazardous waste listed in 40 CFR Part 25 

~~:'::~l~,\~I~~~; (~o;:~~:~~~~z:;~o~~;:vs~~ ~~~~~~o01J~!!~F!~!~!!!l ~~ 
concentrations for these listed wastes, with the result that any such mixtures must be 28 

considered hazardous waste even if the Subpart D constituent is at or below detection 29 

limits. 30 

• The waste is either solidified and immobilized (solidified materials) or present in bulk 31 

form as a solid (solid materials). In almost all cases, any possible reactions take place 32 

before the waste is generated in its final form. 33 
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• Total trace chemicals within a payload container are limited to less than 5 percent by 1 

weight. 2 

All potential incompatibilities between Trace, Minor, and Dominant compounds have been 3 

analyzed on a case-by-case basis for each content code at the Rocky Flats Environmental 4 

Technology Site (RFETS) and Idaho ~Jational Engineering Laboratory to be emplaced at the s 
'.'Vaste Isolation Pilot Plant ¥{1,~t~ §Hf~@rr!\\\[j~g~'\!Q\'\:lliil!!\\\\@r$':\(gfijPm~\g~i,\ Some chemicals 6 

listed as being present in the waste have reacted prior to placement in a waste container. For 7 

example, a site listing a caustic (Group 10) and an acid (Group 1) in its waste has only the 8 

neutralized product present in an immobilized form. Further reactions of this type do not occur 9 

once the waste is generated p~[q!rut~if in its final form. An additional constraint on the 1 o 
chemicals and materials that can be present within each content wlitl\\itri@m: code is their gas 11 

generation potential due to radiolysis. 12 

Unresolved incompatibilities between trace and minor, trace and dominant, minor and dominant, 13 

minor and minor, or dominant and dominant waste constituents were identified and segregated. 14 

These wastes cannot be transported until the incompatibilities are resolved (Nu Pac, 1989). 1 s 
Chemical incompatibilities do not exist in content codes listed in TRUCON (DOE, 1 Q8Q). This 16 

has been ens1:Jred by a knowledge of the processes generating the wastes, limited chemical 17 

analyses, and the chemical compatibility analysis. The following table presents the chemical 18 

compatibility analysis for the modified chemical lists for the modified chemical lists for the test 19 

phase content codes at the RFETS and Idaho National Engineering Laboratory W~m:\\ilf:lrD~\ 20 

etl§int1M::1:tm1~111:17g::(@n10t1r::gl~::::::1$iH!!!::1t1:::1!1t~1::!8r~11tt1i~!~::99n1~2t:19~i:=~n::=11§m:::;:1:1 21 

1m::f§!\!Pl~m:::\§y:::1a!!~:\:pf:\\!:*=i!!\n~t!§n~Hi~!ir!?ln9.\\'\in¥:::::n!~~g\\\\!\ni91P~t~P:!Ut!~~;: Low carbon steel 22 
(Gro1:Jp 23) and polyethylene (Grol:lp 101) in dominant q1:Jantities were added to each content 23 

code to acco1:Jnt for the dF1:Jm, bin, or standard waste box and the rigid polyethylene liner. 24 

The chemical compatibility analysis 'Nas performed 1:Jsing a data base management system. The 2s 

EPA method (Hatayama et al., 1980) was 1:Jtilized to analyze the chemical compatibility of each 26 

content code. These waste container compatibility codes are listed for each waste content code 27 

in Table C1 1, after which is a listing of compatibility code analysis explanations. 28 

Summary of Potential Incompatibilities for Waste Forms and Container Material 

The following is a listing and explanation of compatibility code numbers used to identify potential 

incompatibilities in Table c 1-1 . ::1111::~tn~§le!t!Bi!!!~U~i::::nilti::::n,:::},!:::~me9:!t!n!::::tq::~riiii!lr 

n~:::11,1~1J1111t~a~1m91111p,::::9t:!n1:::F::i!rne!l§!l~¥:::1:::nn1t11!:ti:=19tmi:::11R:a1:==~111M~1:::1>t1JJ1:;1Wlee 
m1n~tf!tirr§~§ls~~n1!~1:::m!!!']?9r11nws:::=10!:':1m1et~nP:!'\:?~;µ9m=:e1s.11::::(1e1~rm1:::;~).i: 
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1 Explanation Code Number Descriptions 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

Oa. (1 x 4) The potential chemical incompatibility is the possible dehydration or 
displacement reactions between non-oxidizing mineral acids (Group 1) and alcohols and 
glycols in waste forms (Group 4) resulting in heat generation. The potential chemical 
incompatibility results from tReH::Hse-Gf--GG1~fRtf:atE~l=l-bl-*~F&El~~lfAtRejtiG-WI-~ 

measured as part of the test program. [f:i98i.9i!l!~[!lil!l99!91!~!i'=:::~ffi~!l):j@f:jp;gB,!!9!~!!i9.! 
~11@:::::::1tt::::s1a~mtP:r::::::1i!t§,::::'i'!~11.m!8::::::::::::J1Ri¥~r;::::::~m~::::::oP:ntP:!!!i.mna:I:mw.~1;EI!!lS1:11:1 
d!:9tt1:1111;t::::ensr:::12::::P!9!it.!ms;:::::@P:9:M1!::m1t10.1~1,:::1:n:::1a1~:::11~~!::::~~rii.m:::::1:rnH1P:m11~@11 
m11;91:!!¥::::1ernP:I!§~!:;: 

Oaa. (1 x 10) The potential chemical incompatibility is the possible acid-base reaction 
between strong mineral acids (Group 1) and strong caustics (Group 10) resulting in heat 
generation. The potential chemical incompatibility results from the use of concentrated 

of the brine solution. As a result, the potential reactions between concentrated l=ICI and 
strong caustics in test waste forms is removed. The potential for heat generation by 
reactions of synthetic or naturally occurring 'NIPP brines with streng caustics in test 

iir~i.Wiiiiirm'.m 
!m::::een!:!e~t~1::::2m1:m~S1!:!1::::99m21:!111!:f: 

11.!ii::::::::::':::(,,:::::::x::::::,,:1):::::::::::11~e':eet!nt!:1rn:@nim!ll!::::::in!ime1~1•1~11¥::::::i1:::::11::::::1R!!!etiI::nr;11m~!i:::::m1m!P:n 
e!ll!!n::::::!mina::::::11n!it:::'1m1::::::~1r21P::::::::1~:::::il:!':::::atni:r!:i<119p,:1:'=:1):i.:::::::119!~1m.::::::~n::::::t11 
i!n!:t@i!1n:;:rntn!::19!!n~ii!::m'=mii!Uniimei!!e11r:::t1i8tti::t1m:::rteimn1::1r@11:::11nm!11 
~§1:~u:1t:::n1111em111n1::::!e11::::1tt:::9.i!J!:ltmr::wi!t1:::iiti:1:m§~:f:::1e11111.'a~::::n2nt:1111n1 
m~o.1m1::::1111::::111:::n!4ttt.!!~P:::::P:tt9t:::!;:::e1~1s!ns:;:::1.a1::m:::11mr11.11:::J~t:!m1::w1!:m:::1t11.m: 
@1:::@§tl§!gl~tti!9P.!m!9!!J!l'i!ill!Pl!!9!!* 

t!i9tt1!9.:::::1:9::::19~;9::::s1!:::::11n!t@t1an*:::::::::m111::::::1e1iJm1n9111:m:19iu~nam11t1a1111:::::t1iHHi::::1t11 
t1P:!1:1rm::::::~tt.!Mrn:1.91.m.~m1!::::::f4:'=::~),]JP:t::::1;m!1111m.1:::::@§1~1u:1rn]:9!n1m11tg11m1i1111.m~H 

C1-7 01110/96 10:12am 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

Ob. (1 x 17) The potential chemical incompatibility is the possible reaction between strong 
mineral acids (Group 1) and halogenated organics (Group 17), resulting in generation 
of heat and toxic hydrogen halide fumes. The potential chemical incompatibility results 
from the 1:1se of concentrated HCI to prepare synthetic 'NIPP brines. The concentrated 
HCI 1:1sed to prepare the synthetic brines is di11:1ted and ne1:1tralized to near ne1:1trality (pH 
6.5) d1:1ring preparation of the brine sol1:1tion. As a res1:1lt, the potential reactions 
betv.1een concentrated HCI and halogenated organics in test •.vaste forms is removed. 
The potential for heat generation by reactions of synthetic or nat1:1rally occ1:1rring WIPP 
brines with halogenated organics in test waste forms 1.vill be meas1:1red as part of the test 

program. ieemns:::::!r@;s!::::::siin!!!i!:t(tl:jil~:::::11:::::o:inn9¥!9iiil,::::1ii!:nn::::::1!niti!9rtliiti 
1~r!ii!i::::::ma1111ri::::~11:::neniii!!i!n1:.::m'=nir!!::::@2!ai'ir!Iai!tr'=~'i1t::P:ner:'~e::::p,~£1111:0Q.:i: 
~02=::~n@:::mi,!!ni~~]!~t~n~~::w1~t~::§m!~m:::::1nM9Bn~f:s~19::::1n!m1e1~!¥::::1emP:~t!?!@8 

14 ebtt :::rn: x:::::1:11::::::mn• :P!t~n~!i!: im~m!!!J:::lmP:imP:i!P!!nY: !~:1n!::e911:1s1~-.,!9n9!nii1!?rmm@e99n 
15 P:!i¥!!n:::~tr!ns:::11n!11::ie~!:]1,19arn::l:=!n~it!:~~en~:::~1:19p,:::1:!)i:::r~!w!~1n~t:1,o::s.!nmriu2n 
16 9fi:~1:iM::::::m@::::02!!n!!i!::::m!m1211,:::::!09Rmai!!ei!!i::r~¥!~i!Mi:m::::r1mmrni:::!1e::::99in!!vi! 
11 c4:1:r&r::::er:::n1mt:P;i~8l!DQ::::~s!st:J"n::::~@n~r1t1Mwi!1::~tt~i'm§f::::::::::m111v!:N::::11::::n1ori*=it11n1 
18 m!:n~t1!::::1P.!@1:11Jm@!~11m.~µ::':P:n9r::~pJ'!PIP.il!!ns.:;:::mn~t•:1m1.~in!ti::::irm~m~::w11t.1::::mri@m: 
19 ~ri::::2q;n,11~it~@:::9m~m!~!:!~Mq9rn:P:~~!§!!\: 
20 
21 1. (1 x 23) The potential chemical incompatibility is the possible reaction between non-
22 oxidizing mineral acids (Group 1) and metals and other elemental alloys as sheets, rods, 
23 moldings, drops, etc. (Group 23). The non-oxidizing mineral acids are present only in 
24 trace quantities (<1 %) and are neutralized and bound in the cemented waste form. Due 
25 to the immobilization and prior reaction of the acids, the materials in this content I!!!~ 
26 i!tiii\\\\are considered chemically compatible. 
27 
28 1 a. (1 x 23) The potential chemical incompatibility is the possible reaction betv.'een strong 
29 mineral acids (Gro1:1p 1) and metal sheets, rods, drops. etc. (Gro1:1p 23) res1:1lting in 
30 generation of flammable hydrogen gas and heat. The potential chemical incompatibility 
31 res1:1lts frem the 1:1se of concentrated HCI to prepare synthetic WIPP brines. The 
32 concentrated HCI 1:1sed to prepare the synthetic brines is dil1:1ted and ne1:1tralizeEI to near 
33 ne1:1trality (pH 6.5) d1:1ring preparation of the brine sol1:1tion. As a res1:1lt, the potential 
34 reactions between concentrated HCI and metal sheets, rods, moldings, drops, etc., in 
35 test waste forms is removed. The potential for heat and gas generation by reactions of 
36 synthetic or nat1:1Fally occ1:1rring WIPP brines 1Nith metals in test 1.vaste forms \\'ill be 
37 meas1:1red as part of the test program. 
38 
39 2. (1 x 24) The potential chemical incompatibility is the tendency of non-oxidizing mineral 
40 acids (Group 1) to solubilize toxic metals and metal compounds (Group 24 ). The 
41 mineral acids are present only in trace quantities (<1%) and are neutralized and bound 
42 in the cemented waste form. Due to the immobilization and prior reaction of the non-
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oxidizing acids, the materials in this content W:ll~M'~!f:!!,lp are considered chemically 
compatible. 

4 2a. (1 x 24) The potential chemical incompatibility is the possible dissolution of toxic metals 
5 (Group 24) by strong mineral acids (Group 1) resulting in mobilization of otherv.•ise fixed 
6 toxicants. The potential chemical incompatibility results from the use of concentrated 
7 HCI to prepare synthetic \IVIPP brines. The concentrated HCI used to prepare the 
8 synthetic brines is diluted and neutralized to near neutrality (pH 6.5) during preparation 
9 of the brine solution. As a result, the potential reactions between concentrated HCI and 

1 o toxic metals in test waste forms is removed. The potential solubilization of toxic metals 
11 from test waste forms by \'VIPP brines will be measured as part of the test program. 
12 
13 3. (1 x 101) The potential chemical incompatibility is the possible reaction between non-
14 oxidizing mineral acids (Group 1) and combustible materials (Group 101 ). The mineral 
15 acids are present only in trace quantities (<1 %) and are neutralized and bound in the 
16 cemented waste form. An absorbent has been added to immobilize free liquids. Due 
17 to the immobilization and prior reaction of the non-oxidizing acids, the materials in this 
18 content ff!~l:::~~tf:!m are considered chemically compatible. 
19 

20 ~~::: : :.:: ::~:1::::x:::1::91~]1J!:::09~~n~!i:i.P:n!m!PiMnnme@~1em!v::11::1n1:::m!~1e!m:=v19!!nt::11@!!9rt:;1:111n 
21 ien!exla!™P:a::m!iliJ::is!e!::(g:r29a::~:l::i:iq:::1xe1R1~!!::{1:r281:::~::e1);::::::12w111rfiie1=£1mii 
22 11::::::::11~:::::::~1,11111:::::Je:::::::a1::::iQ~e111::::::11:::::::mmm::::::::~a!iiiI::::~111:m~nt::::::J1m!i1:::::::m1mt::::::1:01M;: 
23 •~!f:n~ij~M::m~o!1!::1912~t:~1::1r!iinl::2n1¥Jm::1191::1y1a~!~11:~::~1m:1~::101::1r1::::f!mYl'=ll!?: 
24 1r1er:::~9=:::12111as::::1n=::w!!!~:]~P.!!n11n!:m;::1:nt~f:9=tt:i:::]rl::::m1t~~1J.!:Jn.::::t.fi!!:]ril!t.t:::!~111::::1m 
25 99n!!~!m!:::in!m1P:~!!¥::::;21P:1~~P:!!® 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

3aa. (1 x 101) The potential chemical incompatibility is the possible dehydration and 
decomposition of combustible materials (Group 101) by strong mineral acids (Group 1) 
resulting in heat and possibly toxic gas generation. The potential chemical 
incompatibility results from the use of concentrated HCI to prepare synthetic \IVIPP 
brines. The concentrated HCI used to prepare the synthetic brines is diluted and 
neutralized to near neutrality (pH 6.5) during preparation of the brine solution. As a 
result, the potential reactions between concentrated HCI and combustibles in test waste 
forms is removed. The potential interaction of combustibles and \IVIPP brines will be 
measured as part of the test program. 
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1 3ab.. (1 x 106) The potential chemical incompatibility is the possible reaction between mineral 
2 acids (Group 1) and water (Group 106), resulting in the generation of heat. Jlji 
3 P!t~ntf:ib::::Inmmm~~iP!!!!¥:::::::::r~!!!!~t:::::::f:t9m: ::~m~ ':P:mi~ng=:::::et]::w1.!~t::::rnr::::~n!9:Jl!~:mt::fnl 
4 111,:os:9=!!n!m:=:i.a~n!i::irnl:!r]l!!~111::wi~n:::§§~m!en1::i:m!ter::is!~r9!9::m~;:rn1eiiv!ri: 
5 the mineral acids are present only in trace quantities (<1%) and are n!mri!!ii9 prior to 
6 loading in waste containers. In addition, the presence of any absorbed liquids are 
7 immobilized in an absorbent and would not be available for reaction. 
8 
9 3b. (1 x 106) The potential chemical incompatibility is the possible heat generation from 

1 O solubilization and hydrolysis strong mineral acids (Group 1) by miscellaneous aqueous 
11 mixtures (Group 106). The potential chemical incompatibility results from the use of 
12 concentrated HCI to prepare synthetic WIPP brines. The concentrated HCI used to 
13 prepare the synthetic brines is diluted and neutralized to near neutrality (pH 6.5) during 
14 preparation of the brine solution. Similarly, any heat generated by mixing concentrated 
15 HCI with water is generated during preparation of the simulated brine solution. Waste 
16 forms tested do not contain free liquids. The potential for heat generation from test 
17 waste forms in contact with \IVIPP brines 'Nill be measured as part of the test program. 
18 
19 3bb. (1 x 107) Group 107 compounds are highly reactive with strong mineral acids (Group 
~O 1) as well as with water, and most of the other compounds listed in EPA 1980, and with 
1..1 other components of wastes to be tested in the WIPP program. The EPA recommends 
22 that Group 107 compounds be completely isolated form the other compounds (EPA 
23 1980). The potential chemical incompatibility results from the use of concentrated HCI 
24 to prepare synthetic WIPP brines. The concentrated HCI used to prepare the synthetic 
25 brines is diluted and neutralized to near neutrality (pH 6.5) during preparation of the 
26 brine solution. As a result, the potential reactions between concentrated HCI and highly 
27 reactive compounds in test waste forms is removed. Highly reactive compounds are 
28 also reactive to water, and these incompatibilities are considered in other parts of this 
29 appendix (e.g., l~JEL \l\laste Content Code No. ID 125A). The potential for heat 
30 generation from test waste forms in contact with WIPP brines 'Nill be measured as part 
31 of the test program. 
32 
33 3c. (2 x 3) The potential chemical incompatibility is the reaction of oxidizing mineral acids 
34 (Group 2) with organic acids (Group 3) resulting in heat and gas generation. The 
35 potential chemical incompatibility results from the use of citric acid in Radiac ™ wash 
36 solutions. The solid citric acid is diluted during preparation of the Radiac™ wash and 
37 is often further diluted prior to use for decontamination. As a result, the potential for 
38 reactions of solid citric acid with oxidizing mineral acids in testwaste forms is removed. 
39 
40 9~:;:::::1::::::::::::(1:'J:x1]H::::::::::::::;11']'!Pet~nt!!!!::=:::::~m11ig11:Jnmmm~~Pm!¥]:]1:::::::!m~:g::::mg111~i~;:::::::s11~vsmt!!~tt@r 
41 emeii~mmrn~':::11e19a!::::§1111in:::::1.~!m!ns::::m.i:o11i:::::1P:1~1::==<1rti:1:::::;~::::1m~u1!mmm11::::1ne 
12 sJ¥i!i!i::::~1t9:41:::1~mt'=ii!~!ni'::=~n:m1i~::'siniri~!in'\:]::±m1::::P:e!itmi['ll!m!i!~::::~oie1111;~1,1¥ 
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!nmm11~!!!!!!¥:tt~P.!~~tt2m;tieP:l!m1::~tt2i:·9µ19!!~!~~:(~1::1)::9t:91!9!~!n9::i9!am1::Q!,n!l!e:t 
111i:§~t~!m!:;:::JnE~v1r-;;::!n!::9x19!!!:nilt:mm~raJ.@~9t4~:;@r~::n~4!1i!mi9.:::1r-lmt:!{tP:1w.s1.s.1:0.s.:;: 
!n!:::!n!::::m~t~rt!~'=::::!n:Jm!::1~~1~:::!1t§!m:::::@r~::mn!!!~ri9.:3m~1i2@uv:rn191e•~1:!\Ulf: 

5 am · = c£::::x:;::~::~}::::::::±n~Me9!in!!li!::::l*=im!P:i:!:::::1,nmmei~!~mi1::::~!;:=!ni::::ei~j!§!~M:22n1im~i!!!~t:::1!112n 
6 §!l'.!!:m::rn9111m11::00,m1tt!:::::::i8!e1:::::::(11~e]:g):1:1m,1~!t1m~~::::::~mr-29e::::::::,:1J:;::]r!~9!~1nQ:::::m~ 
1 Q!m!:t111en::::9t:nmi~;::::::::m!::::a1tm~1!:1::2ni!!n~m!::::~m1emeile~!ij¥:::r11f:!~!;;,rt2m:::::t1Hrm~~::::~111 
a 9.9:!n~1~111::w!l:1:1)::9r=:::mi.!9:mms.::::1219:::~n:::s.gn~rm9r:::111i:::!!l!m'=i::::::1swgv~r.;::::!n~H91!!fln! 
9 m!:m!:1r:::@11s~:::imt:nmf!~ri.!:11!s:::eo9:r:::~i:::1@1~is!ns:;::ins;~n!':mi~!nil!::::1n::~~~~:§iii:~:::itm!m: 

1 o ir1::99tt,~1,911m;nsnim~~i"!¥ s2m:eit!i!ii: 
11 

12 91;:.: :(g1:~]:gp,1::::::::::rnn1;:::·e2!!ntf:t[:::201m~~rn;:~o2emP:111·§1n1t]~::::~n~::::::12§1!1!1::::::r-11119~Ern111!0 
13 2x191;1:nsim!n!li!;:1P!P.1'=:::~mmvP::g)::::~:o.9:::1111.m1n~g(gr~m:P::::4p)rnt~v1tms::J:o.::::sgn~r1199 
14 9t]l!iUini':!sx12:::n19:rss!n:::!4:m21::t,41!1:;,::::::mn1:::Pit:!n~!il:@t111!!1:::1:n99roP:i.t!e!:!lt~{r!:i4.l~'= 
15 tr9mJ:1;e~!ni::::::u1@i:=::;:9i=m11i::::(s~::1} ;,§t:::=2~!i!i!fi9::191s:=::tn]sit1l!ir:::m1i1::;::!111m1:;: 
15 12•x1r~::::~n!]:P:x!!lirn~::::::m~miri!::::::ie!9!::·:ii:::::n!9!ri!:i119:::::ar1=R'r:::;121aii~ia1m:1:::::::1:01t:!n! 
11 m~!ini!§::Jn:=~n!~J~¥~it!:::~1r-1100::::~1::99:91!?ir!~u:2n!oo~~!!~t::2=9mP:1~11111: 
18 
19 4. (2 x 23) The potential chemical incompatibility is the possible reaction between 
20 oxidizing mineral acids (Group 2) and metals and other elemental alloys as sheets, rods, 
21 moldings, drops, etc. (Group 23). The oxidizing mineral acids are present only in trace 
22 quantities (<1 %) and are reacted prior to loading in waste containers. In addition, the 
23 oxidizing mineral acids are fixed in the solidified product and would not be available to 
24 react with the metal. 
25 
26 5. (2 x 23) The potential chemical incompatibility is the possible reaction between 
27 oxidizing mineral acids (Group 2) and metals and other elemental alloys as sheets, rods, 
28 moldings, drops, etc. (Group 23). The oxidizing mineral acids are present only in trace 
29 quantities (<1 %) as residues on glass after allowing the waste to drain. The O*idizing 
30 mineral acids are present only as resid1::1al films on the glass 9t]MPPitiil~9iiiii. and not 
31 as free liquids that could react with metals. 
32 
33 6. (2 x 24) The potential chemical incompatibility is the solubilization of toxic metals and 
34 metal compounds (Group 24) in oxidizing mineral acids (Group 2). The oxidizing 
35 mineral acids are present only in trace quantities (<1 %) and are reacted prior to loading 
36 in waste containers. In addition, the oxidizing mineral acids are fixed in the solidified 
37 product and would not be available to react with the metal. 

38 
39 
40 
41 
42 

7. (2 x 24) The potential chemical incompatibility is the possible reaction between 
oxidizing mineral acids (Group 2) and toxic metals and compounds (Group 24). The 
oxidizing mineral acids are present only in trace quantities {<1 %) as residues on glass 
after allowing the waste to drain. The O*idizing mineral acids are present only as 
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residual films on the glass 9.]ri!!YP,~[:91,9y~!i: and not as free liquids that could react with 
metals. 

s.1:nmt1!9m]]er:::::':fig1~:]::11Mt::::::~9~9]:;::o~tr29.1:~t::]ax!ei:]:::~4m1:!i:::::::::::1::ili81:::::::::e~u1m~!1!:::::::::1mim~21! 
m~me1~!l!!l!!¥:::r1~m~~::r1P:t:r~e2mna::~r1s~:::911nm!~i::~~:~::1l:11:a1!e!l~n~:::11!e]m::1191:r1~2:r 
w11!i::1K11m§f::Jl~tw1vmr;:::~nm]~J1!~:!!!rm:::tn~o~rt.[i.ile~::@:r~Mg1mJ1~J?:n1r::~9::e@ms.1:gs.:;: 
~n.s:::~11~::::mm!ni!f!:::ia:::~n~1:::11!,!::::~1M1m::it1:::mnit9!:19::::91~m1P:~1m1::':991e,1~1P:~I*' 

8. (2 x 101) The potential chemical incompatibility is the possible reaction between 
oxidizing mineral acids (Group 2) and combustible materials (Group 101 ). The oxidizing 
mineral acids are present only in trace quantities (<1 %) as residues on glass after 
allowing the waste to drain. The oxidizing mineral acids are present only as residual 

films on the glass sr:::r9eP:!r::sl9ilMl!ns:ns!::!i::!ri!::::!~9.9!9i::~ni.~:;:9;919;::1!1::w!~n:::a!@!!'il 

17 9. (2 x 101) The potential chemical incompatibility is the possible decomposition of 
18 combustible materials (Group 101) by the oxidizing mineral acids (Group 2). The 
19 oxidizing mineral acids are present only in trace quantities {<1 %) and are reacted prior 
20 to loading in waste containers. In addition, the oxidizing mineral acids are fixed in the 
21 solidified product and would not be available to react with the combustible materials. 
22 
23 ~1M:::: ::::::::::::~g::~:::~::9g;::::;n::,e2!1m~!1!:::emim~2!!:]m~mP:1Pen1!¥:::r,~::m:::m!11e!@::¥!2!1:~u::m11~1e'=it:§1m•o 
24 9xle!itos.:::m:!nir!E!Pl!~:(mr1m~t:g~::1.rntt~¥.P:!P:!!vg:::(wt1Y:1m:g;)rn::1,11a¥1r.~:::1111ff211~1!:::1m, 
25 ne~:::1111!!':'~9=u1o:::!n!:e1£a::::t.s:::rt1:1m::::9n!!:!!:::~rii~m11::::r1ns1r1::':~~!m':':m!rM:::::l\11~tPn1!:11~ 
26 m!:nir11:::::ii!e\'=I~ti:::::P:tt:ii:n1::::§!J!i]!a::::t1~::::;µin!~!!g~f:;(41:11:::=:119:::':11:':'1mm!!i!1:::::1ner::::~2 
21 !!!9,!ma:::::::1:9::::::w1111:::::::eP:n!mm11;::::::::::::::a11t1t2t1rna!!:]m!\!r1=l~i:::::]p,:::::::tnm]::1i1!1::::::1mi!m:::::::1ri 
28 R9mi!tg«m,:::21@m:!21~!1:::921P:1t1:P:1@~ 
29 
30 Qa. (2 x 106) The potential chemical incompatibility is the heat generated by dissolution of 
31 oxidizing mineral acids (Group 2) by water and water mixtures (Group 106). The 
32 potential chemical incompatibility results from the use of water (Group 106) to prepare 
33 synthetic \IVIPP brines, Ansulite™ fire extinguishing agents, and Radiac™ wash 
34 solutions. The potential for heat and gas generation resulting from test waste forms in 
35 contact with \IVIPP brines will be measured as part of the test program. Oxidizing 
36 mineral acids are present in trace etuantities (T<1 %) and are reacted, dispersed and 
37 fixed prior to loading the waste containers, and are not available for reaction. 
38 
39 1 O. (2 x 106) The potential chemical incompatibility is the possible dissolution of oxidizing 
40 mineral acids (Group 2) by water (Group 106). The oxidizing mineral acids are present 
41 only in trace quantities (< 1 % ) and reacted prior to loading in waste containers. Both the 
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water and the oxidizing mineral acids are fixed in the solidified product and would not 
be available for reaction. 

4 1 Oa. (2 x 106) The potential chemical incompatibility is the heat generated by dissolution of 
5 oxidizing mineral acids (Group 2) by water and water mixtures (Group 106). The 
6 potential chemical incompatibility results from the use of water (Group 106) to prepare 
7 synthetic \l\/IPP brines, Ansulite ™ fire extinguishing agents, and Radiac™ wash 
8 solutions. The potential for heat and gas generation resulting from test waste forms in 
9 contact with WIPP brines will be measured as part of the test program. Oxidizing 

1 O mineral acids are present in trace quantities (T<1 %) and are reacted, dispersed and 
11 fixed prior to loading the waste containers, and are not available for reaction. 
12 

13 10~; : : J(if~1:1:g§)::1::+h~::::p,11~n1111::::1m~m19i! :::rn99mP:i1.~P1!!1tJ~]~n~g::11111Ptt::::tii.P-~i§;nt:~mign 
14 ei!e!!~!is:::m~miri!::::~m;!:::(;r99?::::1l:::1:rns :1mt:r:::(;r,99:~M:1:!!}f:::::iiifltt!:ns:]a::!ni:::si:i.!mr~tmn::::et 
15 n1:1m:::m~~1:::at1n~!~1:!m!9:mmilP!!~~1:::119!!=::!rim::::m1:::P:mli:nG1::::9t=wi~1r::~n:::;n191,:1r11~::mr~: 
16 im1:ns.:911H!na:::!air"i::1m1!t::a!9~!!:m::~n::ii!mt:ini:::!:nP:~er::~P:~9rP:!9::1@!!:r1=::::::1sl!x!ti 
11 t~1:::w1~u~r1~:::ie8!'::~m~:::er!~n!:::1moo:::1tt~19~::9µ~n;1r:t11:!::~ffi:1:1):::~n9Mlir~:::111;pW!:1r,1ji~ue11r::12 
18 1s1.P.:1ns.:::::~n:::::w1!t~:::9901~01t!i:::::::::::~rr:199mmn:.:::~n~::::P:11~n9~::::::1t::::@n1::::1a9:rP:~m:n1tmm~::rn1t! 
19 1m:rt1oq!Jr.*!~?1nt~m::~P.sP.~n~::::~noNv.oum:=nat]?~:=:~¥~!t!!:!~]ftjr::t~~~!9.P.f 
20 
21 11. (3 x 4) The potential chemical incompatibility is the possible reaction between organic 
22 acids (Group 3) and alcohols and glycols (Group 4). The organic acids are immobilized 
23 in a cement matrix and not available to react with the alcohols and glycols. The 
24 alcohols and glycols are also immobilized in the solidified product. 
25 
26 11 aa. (3 x 4) The potential chemical incompatibility is the heat generated by polymerization 
27 of alcohols and glycols (Group 4) by organic acids (Group 3). Carboxylic acids with a-
28 halogen substituents, or a- or P-hydroxyl substituents (e.g., citric acid) are the main 
29 concern among the organic acids (Group 3). The potential chemical incompatibility 
30 results from the use of citric acid in Radiac TM wash solutions. The solid citric acid is 
31 diluted during preparation of the Radiac™ wash and is often further diluted prior to use 
32 for decontamination. As a result, the potential for reactions of solid citric acid with 
33 alcohols and glycols (Group 4) that are dispersed and fixed in test waste forms is 
34 removed. 
35 
36 11 bb. (3 x 7) The potential chemical incompatibility is the heat generated by acid base 
37 reactions and polymeriz:ation reactions with aliphatic and aromatic amines (Group 7) by 
38 organic acids (Group 3). The potential chemical incompatibility results from the use of 
39 citric acid in Radiac™ wash solutions. The solid citric acid is diluted during preparation 
40 of the Radiac TM wash and is often further diluted prior to use for decontamination. As 
41 a result, the potential for reactions of solid citric acid with amines dispersed and fixed 
42 in test waste forms is removed. 
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(3 x 7) The potential chemical incompatibility is the possible reaction between organic 
acids (Group 3) and amines, aliphatic and aromatic (Group 7). The organic acids are 
immobilized in a cement matrix and would not be available for reaction. 

(3 x 10) The potential chemical incompatibility is the possibility of acid-base reactions. 
The organic acids (Group 3) are neutralized in a cement matrix and are not available 
to react with the Caustics (Group 10). Thus, this potential chemical incompatibility 
would not occur. 

(3 x 10) The potential chemical incompatibility is the heat generated by reactions of 
organic acids (Group 3) with caustics (Group 10). The potential chemical incompatibility 
results from the use of citric acid in Radiac™ wash solutions. The solid citric acid is 
diluted during preparation of the Radiac TM wash and is often further diluted prior to use 
for decontamination. As a result, the potential for reactions of solid citric acid with 
caustics in test waste forms is removed. The caustic in the testwaste forms is calcium 
oxide. Thus, the more significant incompatibility is potential hydrolysis reaction between 
water and calcium oxide to release heat. Because the calcium oxide is dispersed in the 
wastes, reaction is considered unlikely. The potential for heat generation betiNeen 'Nater 
solutions and test waste forms will be measured from tests of waste and brine 
interactions. 

(3 x 15) The potential chemical incompatibility is toxic and corrosive fumes generated 
by reactions of organic acids (Group 3) with metal fluoride salts (Group 15). The 
potential chemical incompatibility results from the use of citric acid in Radiac™ wash 
solutions. The solid citric acid is diluted during preparation of the Radiac™ wash and 
is often further diluted prior to use for decontamination. As a result, the potential for 
reactions of solid citric acid with fluoride salts in testwaste forms is removed. Thus, the 
more significant incompatibility is potential hydrolysis reaction between 'Nater and 
fluorides to produce toxic and corrosive fumes. The potential for heat generation 
between water solutions and test waste forms will be measured from tests of waste and 
brine interactions. 

(3 x 18) The potential chemical incompatibility is between water associated with _organic 
acids (Group 3) and isocyanates (Group 18) to generate heat, carbon dioxides, and 
amines. The potential chemical incompatibility results from the use of citric acid in 
Radiac TM wash solutions. The solid citric acid is diluted during preparation of the 
Radiac™ wash and is often further diluted prior to use for decontamination. As a result, 
the potential for reactions of solid citric acid with isocyanates in test waste forms is 
removed. lsocyanates are present in trace amounts (T<1 %) and are dispersed in the 
test waste forms such that reactions are unlikely. Thus, the more significant 
incompatibility is a potential hydrolysis reaction bet\veen water and isocyanates to 
produce heat and carbon dioxide gas and amines. The potential for heat generation 
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between ..... ater solutions and test waste forms will be measured from tests of waste and 
brine interactions. 

4 12. (3 x 24) The potential chemical incompatibility is the possible reaction between organic 
5 acids (Group 3) and toxic metals and compounds (Group 24). The organics acids are 
6 basified prior to cementation and do not exist as free acids in the resulting product. 
7 Based on the immobilization of the acids, reactions are considered highly unlikely. In 
8 this case, solubilization is not possible. 
9 

10 12aa. (3 x 24) The potential chemical incompatibility is solubilization of toxic metals 
11 (Group 24) by complexation with organic acids (Group 3). The potential chemical 
12 incompatibility results from the use of citric acid in Radiac™ wash solutions. The solid 
13 citric acid is diluted during preparation of the Radiac™ wash and is often further diluted 
14 prior to use for decontamination. As a result, the potential for reactions of solid citric 
15 acid with toxic metals in testwaste forms is removed. The more significant 
16 incompatibility is potential complexation and solubilization reaction between water and 
17 toxic metals. The toxic metals are fixed in cemented products and are not readily 
18 available for reaction. Ho· .... e•.,ier, aqueous solutions of chelating agents, such as citrate 
19 and eDTA found in Radiac TM wash represent potential for solubilization of toxic metals 
20 from wastes. Thus, these solutions should be solidified or cemented before being 
21 combined with WIPP ..... astes. 
22 
23 12a. (3 x 103) The potential chemical incompatibility is the initiation of cationic 
24 polymerization by organic acids. The organic acids (Group 3) are cemented and do not 
25 e:Kist as free acids in the resulting product. Due to the immobilization of the acids, 
26 reactions are considered highly unlikely. 
27 
28 12bb. (3 x 103) The potential chemical incompatibility is polymerization reactions between 
29 strong organic acids (Group 3) and polymerizable compounds (Group 103). The 
30 potential chemical incompatibility results from the use of citric acid in Radiac™ wash 
31 solutions. The solid citric acid is diluted during preparation of the Radiac™ wash and 
32 is often further diluted prior to use for decontamination. As a result, the potential for 
33 reactions of solid citric acid , .... ith polymerizable compounds that are dispersed and fixed 
34 in test waste forms is removed. 
35 
36 12bbb. (3 x 104) The potential chemical incompatibility is decomposition of the hydrocarbon 
37 moiety of organic acids (Group 3) by oxidizing agents (Group 104) resulting in heat and 
38 gas formation. The potential chemical incompatibility results from the use of citric acid 
39 in Radiac™ wash solutions. The solid citric acid is diluted during preparation of the 
-40 Radiac™ wash and is often further diluted prior to use for decontamination. As a result, 
41 the potential for reactions of solid citric acid with oxidizing agents that are dispersed and 
42 fixed in testwaste forms is removed. 
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8 12b. (7 x 17) The potential chemical incompatibility between amines (Group 7) and 
9 halogenated organics (Group 17) would not occur because the halogenated organics 

1 O are solidified and are not available for reaction. 
11 
12 12c. (7 x 24) The potential chemical incompatibility is the possible increase in the solubility 
13 of toxic metal compounds in water due to amines acting as potential surfactants. The 
14 amines are present only in trace qtj~p~iti~s (<1%) and are immobilized through 
15 absorption on sorbent materials. Also, these solid waste forms usually contain very little 
16 water and excess sorbents are added to waste containers to sorb any fluids. 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

13. (10 x 17) The potential chemical incompatibility is the possible reaction between 
caustics (Group 10) and halogenated organics (Group 17). The caustic in this l\i!~i 
!mi~W,content code is calcium oxide, a solid, which is dispersed in the chloride salts. 
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13a. 

14. 

The halogenated organics are present in only trace quantities (<1 %) and are absorbed, 
immobilized, or solidified. Due to the immobilization of the calcium oxide in the salt, 
reactions are considered highly unlikely. 

(10 x 19) The potential chemical incompatibility is the possible self-condensation of 
ketones (Group 19) catalyzed by caustics (Group 10). The caustic in this fi'@i!~ 

!~~~J.ncontent code is calcium oxide, a solid, which is dispersed in the chloride salts. 
Due to the immobilization of the calcium oxide in salt, reactions are considered highly 
unlikely. 

(10 x 23) The potential incompatibility is the possible reaction between caustics (Group 
10) metals and other elemental alloys as sheets, rods, moldings, drops, etc. (Group 
23). The caustic in this content)Mil:tl1!1E~~f:tl code is calcium oxide, a solid, which is 
dispersed in the chloride salts. Due to the immobilization of the calcium oxide in salt, 
dissolution of metals is caustics is not possible. 

17 15. (10 x 23) The potential incompatibility is the possible dissolution of metals and other 
18 elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) in caustics (Group 
19 10). The caustics are present only in trace quantities (<1 %) and are reacted prior to 
20 loading in waste containers. In addition, the caustics are fixed in the cemented sludge 
~ 1 and would not be available to react with the metals. 
22 
23 16. (10 x 24) The potential chemical incompatibility is the possible solubilization of toxic 
24 metals (Group 24) in caustics (Group 10). The caustic in this \Ml.it~:jittl!fficontent code 
25 is calcium oxide, a solid, which is dispersed in the chloride salts. In this case, 
26 solubilization is not possible. 
27 
28 16a. (10 x 24) The potential incompatibility is the possible solubility of toxic metals (Group 
29 24) in caustics (Group 10). The caustics are present only in trace quantities (<1 %) and 
30 are reacted prior to loading in waste containers. In addition, the caustics are fixed in 
31 the cemented sludge and would not be available to react with the metals. 
32 
33 16b. (10 x 27) The potential chemical incompatibility is the formation of salts from nitre 
34 alkanes (Group 27) and caustics (Group 10) in the presence of water. The only caustic 
35 in this w11m::::111imk;ontent code is calcium oxide, a solid, which is dispersed in the 
36 chloride salts. In addition, liquids are immobilized through absorption on sorbent 
37 materials. Due to the immobilization of the caustic in the fused salt, this reaction would 
38 not occur. 
39 

40 :~'!e~ :::::: ]::t:1::pf:*::::::~:Q1)::::::::::::n:]J?Btlnt!!rn::en1m!li!:l~nmm11~1,1m!¥:f1:1:::]ni::]p,p,§1!11!:m!1!i,~:o.u::r~1EttP:n 
41 21t1~21:::114:m!1§:::(1·r,94µ=m1)::::1n~::1~1tP11ii:::c11;we:::1=1g'=::1a::t1::~n2:i1~:nim,~1mH1::n11~;,: 
42 11!1v•r*::::11e!!!!x11::::11:::n2~:::m!~11•2:1:nMa1::::1nie11~u~2::'~!:em::::y:[t,!!!!::111111:]!msr!: 
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(1 O x 103) The potential chemical incompatibility is the possible initiation of anionic 
polymerization of Grollp 1 oa chemicals by Callstics (Grollp 10). The only Callstic in this 
content code is calcillm oxide, a solid, which is dispersed in the chloride salts. In 
addition, liqllids are immobilized throllgh absorption on sorbent materials. Dlle to the 
immobilization of the callstic in the fllsed salt, this reaction is highly llnlikely. 

(1 O x 107) This potential incompatibility is an artifact of the EPA method. Calcium 
oxide appears in Groups 10 and 107, and is compatible within itself. 

:';'.,,,,,,,,~;:c:;;:;:;:;:,,,: ::::::~1'.!::*-i:J:P:~):urm'=::::e?:~~n~t~~ mP?:me@!!a!!!~i:]~::~n~::;'=ijlJ9n::af !~n~m:::~&m!P:::::~!l::w!~n:::~w9ns: 
P:!!?!11m:r~119a:]':mM:::::t~t::orl:a!it:::::n~1ti::::::1n11:eR!:!~!N::qs.:01,~1sn:rP:m::i.m!B!1:m!rnJ:::m:1~ 

9.if!nt1t1~!::::~f:m~m:!ns:]~!§§lm1:n!!t~tJn:::m1:::w1~t1:~:]ln~~1n~E11m~rPrt@1t:::!11!s~12n~t::9nu1!i,&.1, 
in::::tft~:iim~n~:::tm@:i:n~:::~m1:nsM.1~n~§::::@1tP.~~1;: 

18. (15 x 107) This potential chemical incompatibility is the reaction of fluorides (Group 15) 
and water reactive substances (Group 107). The solid fluorides are present in only 
trace quantities (T<1 %) and form part of the pyrochemical salt matrix. Calcium oxide, 
the only water reactive substance present, is a solid dispersed in the pyrochemical salt 
matrix. These salts always occur with each other and are compatible. 

19. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 
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20. 

21. 

22. 

23. 

24. 

25. 

(Group 23). The halogenated organics are present in only trace quantities (<1 %) and 
are fixed in cemented sludge and would not be available to react with the metals. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental and alloys, as sheets, rods, moldings, 
drops, etc. (Group 23). The halogenated organics are present in only trace quantities 
(<1 %) and are absorbed on combustibles. The halogenated organics are not present 
as free liquids to react with the metals. 

(17 x 23) The potential chemical incompatibility is the potential reaction between 
halogenated organics (Group 17) and metals and other elemental alloys as sheets, rods, 
moldings, drops, etc (Group 23). Aluminum and magnesium in bulk forms are especially 
reactive with halogenated hydrocarbons, releasing much heat. Although this is a 
potential incompatibility, the potential effects are considered minimal for the following 
reasons. First, the halogenated hydrocarbons are only present in trace quantities (<1 %) 
and are immobilized through absorption on sorbent materials or solidification with 
calcium silicates or gypsum-base processes. Second, although the metals of concern 
may occur in dominant quantities in the content code, the metals only occur as large 
pieces and not in powder form. Due to the trace quantities of immobilized halogenated 
organics and the non-powder size of the metal pieces, any reaction that may occur will 
produce minimal heat. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 
(Group 23). The halogenated organics are present in only trace quantities (<1 part per 
million) as residual films on the glass and not as free liquids that could react with 
metals. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 
(Group 23). The halogenated organics are present in only trace quantities (<1 %) as 
coatings on solid organics materials and are not present as free liquids that could react 
with metals. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 
(Group 23). The halogenated organics are present in only trace quantities (<1 %) as 
coating on the inorganic solid materials and are not present as free liquids that could 
react with metals. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 
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(Group 23). The halogenated organics are fixed in the cemented product and would not 
be available for reaction. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental and alloys, as sheets, rods, moldings, 
drops, etc. (Group 23). The halogenated organics are fixed in the solidified product and 
are not available for reaction with the metals. 

(17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 
(Group 17) with metals and other elemental and alloys, as sheets, rods, moldings, 
drops, etc. (Group 23). An absorbent has been added to immobilize any free liquids 
that may exist. Due to the trace quantities and immobilization of the halogenated 
organics, reactions are highly unlikely. 

15 ~~:; ](1::£::,i:::1::Ql)::m~.-B2t:in~!i!:m~m1211:~nmmei~!e!!:!~¥::!§::~n1::r11111n::eH1i~e~nit:1:1:::911n~11 
16 (it2:40:::::~::tl1::::mn:::::11!9m!os.::::1s.m1~1:::\1r99e::::::i1r'-:i]ti!?:!!lns:::::i:o:=::~nid!iii!lin=::::ef:::!l1~::::10a 
11 f9trn~e~MaiJa12:Q~!:~!:;:::gi::9~:!mm1t~8t:ett10~1:::1r!:::1r111nt::m:::9:9w::!111:::991nm11! 
18 (m:~:rm~::::1n~1n1m,::===u9~::::!:~t::!n@:::r,901u:9u:~r~~:a11911.~~::::1a9mp,m!!:!1rn~1~::::ex!!:!ims:::::a~mt1::::11 
19 n14~n~~9.Jer!!r::11]9 .. 9:1n1.:::w1.~t~:::p,eom!n~1~1:m@mr.9=m:;::::1!1m:@n::!n!:::119~11awen'::§t 
20 ~m1=::m*=!s1;1:g,s.:=::1:s.1n!il:r~1mrio~::::11::::19a1t111s:]J~sn!¥::]~n!Us!l¥:;, 
21 
22 28. (17 x 107) The potential chemical incompatibility is the reaction of halogenated organics 
23 (Group 17) with 1Nater reactive substances (Group 107). The halogenated organics are 
24 present in only trace quantities (T<1 %) and are not in the form of free liquids. Calcium 
25 oxide, the only water reactive substance present, is dispersed in chloride salts. Based 
26 on the immobilization of the calcium oxide in the salt and the absence of halogenated 
27 organics as free liquids, reactions are considered highly unlikely. 
28 
29 28a. (18 x 106) The potential incompatibility is the possible reaction between isocyanates 
30 (Group 18) with water (Group 106). The isocyanates are present only in trace quantities 
31 (<1%). The water is usually fixed in the solidified product and would not be available 
32 for reaction. 
33 
34 28aa. (18 x 106) The potential chemical incompatibility is between isocyanates (Group 18) 
35 and water (Group 106) to generate carbon dioxide gas and heat. The potential chemical 
36 incompatibility results from the use of water to prepare synthetic WIPP brines, in 
37 Ansulite TM fire extinguishing agents and Radiac TM wash solutions. The potential for heat 
38 and gas generation resulting from test waste forms in contact with \IVIPP brines will be 
39 measured as part of the test program. fi?W§vih: isocyanates in the te&twaste forms are 
40 present in trace quantities (<1 %), are F9a.6iecii~4~l!f.l~l and fixed prior to loading the 
41 waste containers, and are not available for reaction. The potential for heat generation 
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liquids, Feactions are considered highly unlikely. 

catalyzed by these metal surfaces. The polymerizable compounds aFe pFesent only in 
trace (T<1 %) quantities and would be immobilized through absorption on sorbent 
materials or solidification. Second, although the metals of concern may occur in 
dominant quantities in the content code, the metals only occur as large pieces and not 
in powder form, which is moFe Feacti•.ie with the polymerizable compounds. Due to the 
trace quantities of immobilized polymerizable compounds and the non powder size of 
the metal pieces, any Feaction that may occur will produce minimal heat. 
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29. 

30. 

31. 

32. 

32a. 

(23 x 104) The potential incompatibility is the possible reaction between metals and 
other elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) and oxidizing 
agents (Group 104). The oxidizing agents are present only in trace quantities (<1%) 
and reacted prior to loading in waste containers. The waste is mixed with cement to 
absorb any residual liquid. Due to the immobilization and prior reaction of the oxidizing 
agents, reactions are highly unlikely. 

(23 x 104) The potential incompatibility is the possible reaction between metals other 
elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) and oxidizing agents 
(Group 104). The oxidizing agents are present only in trace quantities (<1 %) and 
dissolved in aqueous solutions that were cemented into a solid monolith-type structure. 
Due to the immobilization and prior reaction of the oxidizing agents, reactions will not 
occur. 

(23 x 107) The potential incompatibility is the possible reaction between metals and 
other elemental alloys, as sheets, rods, moldings, drops, etc. (Group 23) and water 
reactive substances (Group 107). The outer low carbon steel drum is the only Group 
23 metal found in this content code. Calcium oxide, the only water reactive substance 
present, is a solid dispersed in the chloride salts. Based on the immobilization of the 
calcium oxide in the salt, reactions are considered highly unlikely. 

(23 x 107) The potential incompatibility is the possible reaction between metals and 
other elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) and water 
reactive substances (Group 107). Calcium oxide, the only water reactive substance 
present, is a solid dispersed in the chloride salts. Based on the immobilization of the 
calcium oxide in the salt, reactions are considered highly unlikely. 

(24 x 103) The potential insompatibility is the possible reaGtion between metals and 
sompo1:1nds, toxis (Gro1:1p 24) and polymerizable sompo1:1nds (Gro1:1p 103). The 
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33. 

33a. 

34. 

35. 

36. 

36a. 

polymerizable compounds are present only in trace (T<1 %) quantities and would be 
immobilized through absorption on sorbent materials or solidification. Second, although 
the metals of concern may occur in dominant quantities in the content code, the metals 
only occur as large pieces and not in pmvder form, which is more reactive with the 
polymerizable compounds. Due to the trace quantities of immobilized polymerizable 
compounds and the non powder size of the metal pieces, any reaction that may occur 
will produce minimal heat. 

(24 x 106) The potential chemical incompatibility is the possible solubilization of toxic 
metals (Group 24), which is not a concern since the water (Group 106) from the sludge 
is fixed in the cemented product and would not be available for reaction. 

(24 x 106) The potential chemical incompatibility is the possible solubilization of toxic 
metals (Group 24) by water (Group 106). This potential chemical incompatibility results 
from the use of water to prepare synthetic WIPP brines, in Ansulite TM fire extinguishing 
agents or Radiac TM wash solutions. The potential for heat and gas generation resulting 
from test waste forms in contact 1Nith WIPP brines will be measured as part of the test 
program. Metals in the test waste forms are present in trace quantities (<1 %)and are 
present in !~ large pieces and not in powdered form. As a result, only minimal heat is 
expected to be formed. The potential for heat generation betv.'een water solutions and 
test waste forms will be measured from tests of waste and brine interactions. 

(24 x 106) The potential incompatibility is the possible solubilization of toxic metals 
(Group 24). The water (Group 106) is fixed the in the cemented product and would not 
be available for reaction. 

(24 x 107) The potential incompatibility is the possible reaction between toxic metals 
and metal compounds (Group 24) and water reactive substances (Group 107). The 
metals are present only in trace quantities (<1 %). Calcium oxide, the only water 
reactive substance present, is a solid dispersed in the chloride salts. Based on the 
immobilization of the calcium oxide in the salt, reactions are considered highly unlikely. 

(24 x 107) The potential incompatibility is the possible reaction between toxic metals 
and metal compounds (Group 24) and water reactive substances (Group 107). Calcium 
oxide, the only water reactive substance present, is dispersed in chloride salts. Based 
on the immobilization of the calcium oxide in the salts, reactions are considered highly 
unlikely. 

(27 x 107) The potential incompatibility is the possible reaction between nitre 
compounds (Group 27) and water reactive substances (Group 107). Calcium oxide, the 
only water reactive substance present, is dispersed in chloride salts. Based on the 
immobilization of the calcium oxide in the salts, reactions are considered highly unlikely. 
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27 J6c. (J 1 x 107) The potential incompatibility is the possible reaction bet\veen phenols anc:I 
28 creosols (Group 31) anc:I water reacti•1e substances (Group 107). Calcium oxic:le, the 
29 only water reactive substance present, is c:lispersec:I in chloric:le salts. Basec:I on the 
30 immobilization of the calcium oxic:le in the salts, reactions are consic:lerec:I highly unlikely. 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

37. (101 x 104) The potential incompatibility is the possible reaction between combustible 
materials (Group 101) and oxidizing agents (Group 104). The oxidizing agents are 
present only in trace quantities (<1 %) and are reacted prior to loading in waste 
containers. In addition, cement is added to absorb any residual liquid. Due to the 
immobilization and prior reaction of the oxidizing agents, this content code is considered 
to be chemically compatible. 
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38. 

39. 

(101 x 104) The potential incompatibility is the possible reaction between combustible 
materials (Group 101) and oxidizing agents (Group 104). The oxidizing agents are 
present only in trace quantities (<1 %) and are fixed in the solidified product. Due to the 
immobilization and prior reaction of the oxidizing agents, this content code is considered 
to be chemically compatible. 

(101 x 107) The potential incompatibility is the possible reaction between combustible 
and flammable materials (Group 101) and water reactive substances (Group 107). The 
dominant combustible material in Group 101 is the polyethylene rigid drum liner. 
Calcium oxide, the only water reactive substance present, is a solid dispersed in the 
chloride salts. Based on the immobilization of the calcium oxide in the salt, reactions 
are considered highly unlikely. 

14 19;, · (1Q&=::i::::1P1!:]::::1n~: •~n~!i!,::!ns9mPit!9m~::=.!~:::::~n~:=::fi?!!!!!~:::::y~?l~n~ r!!e!!~~E::mtW:i!n 
15 ~xE!'=?!!v!~:-=(sr99E!,:1J?~l @n9::=9~91!ns:,:@s!nm:=::(ir9!i!eB::111J;:::::::::121i~!ri' 12~n::=:9~::::~m111 
16 ar99P:!::::m9!t:::'9!::og9~ri!mia::ei!91JM!n~Pmint:::~~u~m1e:;,: :&?!r!t9r!i:::::~?i t1J1~1==:1i!!?Mt9=11: 
11 w1~1=:921t~1n:::29:1n?~~~9~'=::::mi~!:r!~!~~: 
18 
19 
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40. (103 x 107) The potential incompatibility is the possible reaction between polymerii!:able 
compounds (Group 103) and water reactive substances (Group 107). Calcium oxide, 
the only water reactive substance present, is a solid dispersed in the chloride salts. 
Based on the immobilii!:ation of the calcium oxide in the salt, reactions are considered 
highly unlikely. 

25 41; (19~H::x:::::1:P:£)·:::::::11:::::12~!n~it:!::::i:o99mE!i.~!!im~~¥:::::,11::::~ni1:12111s11:::=:vii'=!n~::::::r111@1o::::mt11in 
26 ai1e111ns:::~agn~f::::~1r29P::rn:g~)::ine::m~iir:::r1i!l'.!!:,1g:ri9'1H~Qf):rn::19~vir~:::29~9::;91in1!1: 
21 si9p~::::m9~~:::ei::::ni9~i!mie:::=eit9r• :!n1:emin~:::~9:::!¥1E:E:;:::::rnmn!tt:I9rf:~::1i:::n:ni!:::wim:::rtrm: 
28 1irn::999t,;:1n::::12:rn~99~~::::1~~in@!~s: 
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TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified AL W005 Acids, mineral, oxidizing TxD HF 
inorganics x ethers 

(2 x 14) 

Solidified AL W005 Acids, mineral, oxidizing TxD GT 
inorganics x fluorides, inorganic 

(2 x 15) 

Solidified AL W005 Acids, mineral, oxidizing TxD GF HF 
inorganics x metals, other 

elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

Solidified AL W005 Acids, mineral, oxidizing TxD HF GT 
inorganics x miscellaneous 

combustible and 
flammable materials 
(2 x 101) 

Solidified AL W005 Acids, mineral, oxidizing TxD H 
inorganics x water and mixtures 

containing water 
(2 x 106) 

Solidified AL W005 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Lead/cadmium AW M001 Metals and metal DxD s 
metal waste compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

3f 

3g 

4 

9 

10 10a 

33a 34 

33a 34 

# =Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Lead/cadmium 
metal waste 

Filter 

Lead/cadmium 
metal waste 

Uncategorized 
metal 

Uncategorized 
metal 

x = Compared with 
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SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

AWM002 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

AWM003 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

AWW016 Metals and metal MxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

AWW018 Metals, alkali, and DxD HGF 28b 
alkaline earth, elemental 
and alloys x 
miscellaneous 
combustible and 
flammable materials 
(21 x 101) 

AWW018 Metals, alkali, and DxD GF H 28d 
alkaline earth, elemental 
aAd alloys x water and 
mixtures containing 
water 
(21 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 = Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Uncategorized AWW019 Metals, alkali, and DxD HGF 
metal alkaline earth, elemental 

and alloys x 
miscellaneous 
combustible and 
flammable materials 
(21 x 101) 

Uncategorized AWW019 Metals, alkali, and DxD GF H 
metal alkaline earth, elemental 

and alloys x water and 
mixtures containing 
water 
(21 x 106) 

Heterogeneous AWW020 Metals and metal DxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Uncategorized AWW021 Metals and metal TxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Lead/cadmium AWW022 Metals and metal MxD s 
metal waste compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Lead/cadmium ET M001 Metals and metal DxD s 
metal waste compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

28b 

28d 

33a 

33a 

33a 34 

33a 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M = Minor (1 - 10% by wt.); D = Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Salt waste 

Heterogeneous 

Lead/cadmium 
metal waste 

Lead/cadmium 
metal waste 

Heterogeneous 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN M001 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN M002 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN M004 Metals and metal MxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN MOOS Metals and metal MxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W139 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W146 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W157 Acids, organic x alcohols MxT HP 11 11a 
and glycols (3 x 4) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified IN W157 Acids, organic x MxD GT 
inorganics fluorides, inorganic 

(3 x 15) 

Solidified IN W157 Acids, organic x metals MxT s 
in organics and metal compounds, 

toxic (3 x 24) 

Solidified IN W157 Halogenated organics x TxD HF 

inorganics metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified IN W157 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Inorganic IN W161 Metals and metal TxD s 
nonmetal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified IN W166 Halogenated organics x T1 x D HF 
inorganics metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified IN W166 Metals and metal T1 x D s 
in organics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

11d 

12 12aa 

25 

33a 34 

33a 

25 

33a 34 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P =violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
organics 

Solidified 
organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W167 Halogenated organics x DxD HF 23 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

IN W167 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W169 Amines, aliphatic and DxT HG 12b 
aromatic x halogenated 
organics (7 X 17) 

IN W169 Amines, aliphatic and DxT s 12c 
aromatic x metals and 
metal compounds, toxic 
(7 x 24) 

IN W169 Halogenated organics x TxD HF 20 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W169 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEANIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous IN W170 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W171 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W172 Halogenated organics x TxD HF 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified IN W174 Acids, mineral, oxidizing DxD HF 
organics x ethers (2 x 14) 

Solidified IN W174 Acids, mineral, oxidizing DxD GT 
organics x fluorides, inorganic 

(2 x 15) 

Solidified IN W174 Acids, mineral, oxidizing DxD GF HF 
organics x metals, other 

elemental, and alloys, as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

Solidified IN W174 Acids, mineral, oxidizing DxD HF GT 
organics x miscellaneous 

combustible and 
flammable materials 
(2x101) 

x = Compared with 

Explanation 
Code 

Number 

33a 

33a 

33a 

3f 

3g 

4 

9 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
organics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEM!IPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W174 Acids, mineral, oxidizing DxD H 1Da 
x water and mixtures 
containing water 
(2 x 106) 

IN W177 Caustics x metals, other TxD GF H 15 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

IN W179 Nonoxidizing mineral TxD H Oaaa 
acids x ethers 
(1 x 14) 

IN W179 Nonoxidizing mineral TxD GT Oaaaa 
acids x fluorides, 
inorganic 
(1 x 15) 

IN W179 Nonoxidizing mineral TxD GF HF 1 
acids x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

IN W179 Nonoxidizing mineral TxD HG 3 
acids x miscellaneous 
combustible and 
flammable materials 
(1 x 101) 

IN W179 Nonoxidizing mineral TxD H 3b 
acids x water and 
mixtures containing 
water 
(1 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified IN W179 Acids, mineral, oxidizing TxD HF 
inorganics x esters 

(2 x 14) 

Solidified IN W179 Acids, mineral, oxidizing TxD GT 
inorganics x fluorides, inorganic 

(2 x 15) 

Solidified IN W179 Acids, mineral, oxidizing TxD GF HF 
inorganics x metals, other 

elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

Solidified IN W179 Acids, mineral, oxidizing TxD HF GT 
inorganics x miscellaneous 

combustible and 
flammable materials 
(2x101) -

Solidified IN W179 Acids, mineral, oxidizing TxD H 
inorganics x water and mixtures 

containing water 
(2 x 106) 

Solidified IN W179 Organic acids x TxD GT 
inorganics fluorides, inorganic 

(3 x 15) 

Solidified IN W179 Caustics x metals, other TxD GF H 
inorganics elemental, and alloys as 

sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

x = Compared with 

Explanation 
Code 

Number 

3f 

3g 

4 

9 

10a 

11d 

15 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W179 Halogenated organics x TxD HF 19 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

IN W179 Metals and metal TxD s 33a 34 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W181 Acids, mineral, oxidizing TxD HF 3f 
x ethers 
(2 x 14) 

IN W181 Acids, mineral, oxidizing TxD GT 3g 
x fluorides, inorganic 
(2 x 15) 

IN W181 Acids, mineral, oxidizing TxD GF HF 4 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

IN W181 Acids, mineral, oxidizing TxD H FGT 9 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

IN W181 Acids, mineral, oxidizing TxD H 10 10a 
x water and mixtures 
containing water 
(2 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified IN W181 Caustics x metals, other TxD GF H 
inorganics elemental, and alloys as 

sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Solidified IN W181 Halogenated organics x TxD HF 
inorganics metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Solidified IN W181 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W186 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Heterogeneous IN W186 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Solidified IN W188 Acids, mineral, oxidizing TxD HF 
inorganics x ethers 

(2 x 14) 

Solidified IN W188 Acids, mineral, oxidizing TxD GT 
inorganics x fluorides, inorganic 

(2 x 15) 

x = Compared with 

Explanation 
Code 

Number 

15 

25 

33a 34 

20 

33a 

3f 

3g 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 = Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant {>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/\NIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants• Code* Number 

IN W188 Acids, mineral, oxidizing TxD GF HF 4 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

IN W188 Acids, mineral, oxidizing TxD HF GT 9 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

IN W188 Acids, mineral, oxidizing TxD H 10 
x water and mixtures 
containing water 
(2 x 106) 

IN W188 Caustics x metals, other TxD GF H 15 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

IN W188 Halogenated organics x TxD HF 25 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W188 Metals and metal TxD s 33a 34 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous IN W189 Metals and metal DxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W197 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible IN W198 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible IN W202 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W203 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W204 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

33a 

33a 

33a 

33a 

33a 

33a 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Combustible 

Filter 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W205 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W214 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W216 Acids, mineral, oxidizing TxD HF 3f 
x ethers 
(2 x 14) 

IN W216 Acids, mineral, oxidizing TxD GT 3g 
x fluorides, inorganic 
(2 x 15) 

IN W216 Acids, mineral, oxidizing TxD GF HF 4 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

IN W216 Acids, mineral, oxidizing TxD HF GT 9 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

IN W216 Acids, mineral, oxidizing TxD H 10 
x water and mixtures 
containing water 
(2 x 106) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified IN W216 Caustics x metals, other TxD GF H 
inorganics elemental, and alloys as 

sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Solidified IN W216 Halogenated organics x TxD HF 
inorganics metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Solidified IN W216 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified IN W220 Acids, mineral, oxidizing TxD HF 
inorganics x ethers 

(2 x 14) 

Solidified IN W220 Acids, mineral, oxidizing TxD GT 
inorganics x fluorides, inorganic 

(2 x 15) 

Solidified IN W220 Acids, mineral, oxidizing TxD GF HF 
inorganics x metals, other 

elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

Solidified IN W220 Acids, mineral, oxidizing TxD HF GT 
inorganics x miscellaneous 

combustible and 
flammable materials 
(2 x 101) 

x = Compared with 

Explanation 
Code 

Number 

15 

25 

33a 34 

3f 

3g 

4 

9 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W220 Acids, mineral, oxidizing TxD HF GT 10 
x water and mixtures 
containing water 
(2 x 106) 

IN W220 Caustics x metals, other TxD GF H 15 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

IN W220 Halogenated organics x TxD HF 25 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

IN W220 Metals and metal TxD s 33 33a 34 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W221 Acids, organic x alcohols MxT HP 11 
and glycols (3 x 4) 

IN W221 Acids, organic x MxD GT 11d 
fluorides, inorganic 
(3 x 15) 

IN W221 Acids, organic x metals MxT s 12 
and metal compounds, 
toxic (3 x 24) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified IN W221 Halogenated organics x TxD HF 
in organics metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Solidified IN W221 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified IN W222 Halogenated organics x TxD HF 
inorganics metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified IN W222 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W225 Metals and metal DxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Solidified IN W228 Acids, mineral, oxidizing TxD HF 
inorganics x ethers 

(2 x 14) 

Solidified IN W228 Acids, mineral, oxidizing TxD GT 
inorganics x fluorides, inorganic 

(2 x 15) 

x = Compared with 

Explanation 
Code 

Number 

25 

33a 34 

25 

33 33a 

33a 

3f 

3g 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants• Code* Number 

IN W228 Acids, mineral, oxidizing TxD GF HF 4 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

IN W228 Acids, mineral, oxidizing TxD HF GT 9 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

IN W228 Acids, mineral, oxidizing TxD HF GT 10 
x water and mixtures 
containing water 
(2 x 106) 

IN W228 Caustics x metals, other TxD GF H 15 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

IN W228 Halogenated organics x TxD HF 25 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W228 Metals and metal TxD s 33 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Inorganic IN W230 Halogenated organics x TxD HF 
nonmetal metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Inorganic IN W240 Halogenated organics x T3 x D HF 
nonmetal metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Inorganic IN W240 Metals and metal DxD s 
nonmetal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Inorganic IN W243 Acids, mineral, oxidizing TxT HF 
nonmetal x alcohols & glycols. 

(2 x 4) 

Inorganic IN W243 Acids, mineral, oxidizing TxT HF 
nonmetal x esters. 

(2 x 13) 

Inorganic IN W243 Acids, mineral, oxidizing TxT HF 
nonmetal x ethers. 

(2 x 14) 

Inorganic IN W243 Acids, mineral, oxidizing TxT HF 
nonmetal x hydrocarbons, 

aromatic. (2 x 16) 

Inorganic IN W243 Acids, mineral, oxidizing DxD HF GT 
nonmetal x halogenated organics. 

(2 x 17) 

x = Compared with 

Explanation 
Code 

Number 

24 

24 

33a 

3d 

3ee 

3f 

3gg 

3h 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEJ\NIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants' Code* Number 

IN W243 Acids, mineral, oxidizing TxT HF 3i 
x ketones. (2 x 19) 

IN W243 Acids, mineral, oxidizing TxT HF GT 3j 
x mercaptans & other 
organic sulfides. 
(2 x 20) 

IN W243 Acids, mineral, oxidizing TxT GF HF 5 
x metals, other 
elemental, & alloy, as 
sheets, rods, moldings, 
drops, etc. (2 x 23) 

IN W243 Acids, mineral, oxidizing TxT s 7 
x metals & metal 
compounds, toxic. 
(2 x 24) 

IN W243 Acids, mineral, oxidizing TxT HF GT 7a 
x nitro compounds. 
(2 x 27) 

IN W243 Acids, mineral, oxidizing TxT HF GT 8 
x combustible & 
flammable materials, 
miscellaneous. (2 x 101) 

IN W243 Acids, mineral, oxidizing TxD H 10a 
x water & mixtures 
containing water. 
(2 x 106) 

IN W243 Halogenated organics x TxT H 18a 
mercaptans & other 
organic sulfides. 
(17 x 20) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Inorganic IN W243 Halogenated organics x TxD HF 
nonmetal metals, other elemental, 

& alloy, as sheets, rods, 
moldings, drops, etc. 
(17x23) 

Inorganic IN W243 Ketones x mercaptans & TxT H 
nonmetal other organic sulfides. 

(19 x 20) 

Inorganic IN W243 Metals & metal TxD s 
nonmetal compounds, toxic x 

water & mixtures 
containing water. 
(24 x 106) 

Inorganic IN W245 Acids, mineral, oxidizing TxD HF 
nonmetal x ethers 

(2 x 14) 

Inorganic IN W245 Acids, mineral, oxidizing TxD GT 
nonmetal x fluorides, inorganic 

(2 x 15) 

Inorganic IN W245 Acids, mineral, oxidizing TxD GF HF 
nonmetal x metals, other 

elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. (2 x 23) 

Inorganic IN W245 Acids, mineral, oxidizing TxD HF GT 
nonmetal x miscellaneous 

combustible and 
flammable materials 
(2 x 101) 

x = Compared with 

Explanation 
Code 

Number 

24 

28aaa 

33a 

3f 

3g 

5 

8 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P =violent polymerization; and E = explosive. 

C1-48 01/10/9611:25am 



Final Waste 
Form Group 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

Inorganic 
nonmetal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W245 Acids, mineral, oxidizing TxD HF GT 10a 
x water and mixtures 
containing water 
(2 x 106) 

IN W245 Halogenated organics x TxD HF 24 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

IN W245 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W247 Acids, mineral, oxidizing TxD HF 3f 
x ethers 
(2 x 14) 

IN W247 Acids, mineral, oxidizing TxD GT 3g 
x fluorides, inorganic 
(2 x 15) 

IN W247 Acids, mineral, oxidizing TxD HF GT 8 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

IN W247 Acids, mineral, oxidizing TxD HF GT 10a 
x water and mixtures 
containing water 
(2 x 106) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Inorganic IN W247 Metals and metal TxD s 
nonmetal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Inorganic IN W249 Metals and metal TxD s 
nonmetal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Combustible IN W250 Amines, aliphatic and TxD s 
aromatic x metals and 
metal compounds, toxic 
(7 x 24) 

Combustible IN W250 Metals and metal DxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible IN W252 Amines, aliphatic and TxD s 
aromatic x metals and 
metal compounds, toxic 
(7 x 24) 

Combustible IN W252 Metals and metal DxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible IN W254 Amines, aliphatic and TxD s 
aromatic x metals and 
metal compounds, toxic 
(7 x 24) 

x = Compared with 

Explanation 
Code 

Number 

33a 

33a 

12c 

33a 

12c 

33a 

12c 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Combustible 

Combustible 

Heterogeneous 

Soils 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W254 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W256 Metals and metal MxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W259 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W263 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W265 Halogenated organics x TxD HF 24 
metals, other elemental, 
and alloy , as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W265 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous IN W271 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Graphite IN W272 Halogenated organics x TxD HF 
metals other elemental & 
alloy, as sheets, rods, 
moldings, drops, etc. 
(17x23) 

Graphite IN W275 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Graphite IN W276 Halogenated organics x TxD HF 
metals other elemental & 
alloy, as sheets, rods, 
moldings, drops, etc. 
(17x23) 

Uncategorized IN W280 Metals and metal TxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Heterogeneous IN W281 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

33a 

24 

20 

24 

33a 

33a 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W283 Nonoxidizing mineral TxD H Oaaa 
acids x ethers 
(1 x 14) 

IN W283 Nonoxidizing mineral TxD GT Oaaaa 
acids x fluorides, 
inorganic 
(1 x 15) 

IN W283 Nonoxidizing mineral TxD GF HF 1 
acids x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

IN W283 Acids, mineral, non- TxM s 2 
oxidizing x metals and 
metal compounds, toxic 
(1 x 24) 

IN W283 Acids, mineral, non- TxD HG 3 
oxidizing x combustible 
and flammable 
materials, miscellaneous 

(1 x 101) 

IN W283 Nonoxidizing mineral TxD H 3b 
acids x water and 
mixtures containing 
water 
(1 x 106) 

IN W283 Acids, mineral, oxidizing TxD HF 3f 
x esters 
(2 x 14) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants• Code* 

Heterogeneous IN VV283 Acids, mineral, oxidizing TxD GT 
x fluorides, inorganic 
(2 x 15) 

Heterogeneous IN VV283 Acids, mineral, oxidizing TxD GF HF 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

Heterogeneous IN VV283 Acids, mineral, oxidizing TxM s 
x metals and metals 
compounds, toxic 
(2 x 24) 

Heterogeneous IN VV283 Acids, mineral, oxidizing TxD HF GT 
x combustible and 
flammable materials 
(2 x 101) 

Heterogeneous IN VV283 Acids, mineral, oxidizing TxD H 
x water and mixtures 
containing water 
(2 x 106) 

Heterogeneous IN VV283 Ethers x oxidizing DxT HF 
agents, strong 
(14 x 104) 

Heterogeneous IN VV283 Halogenated organics x TxD HF 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

x = Compared with 

Explanation 
Code 

Number 

3g 

5 

7 

8 

10a 

17a 

24 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W283 lsocyanates x water and TxD HG 28aa 
mixtures containing waer 
(18 x 106) 

IN W283 Metals, other elemental DxT HF 30 
and alloys as sheets, 
rods, drops, moldings, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

IN W283 Metals and metal MxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W283 Combustible and DxT HFG 37 
flammable materials, 
miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

IN W285 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W287 Metals and metal MxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous IN W289 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Heterogeneous IN W289 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Uncategorized IN W294 Amines, aliphatic and DxD HG 
metal aromatic x halogenated 

organics (7 X 17) 

Uncategorized IN W294 Amines, aliphatic and DxD s 
metal aromatic x metals and 

metal compounds, toxic 
(7 x 24) 

Uncategorized IN W294 Halogenated organics x DxD HF 
metal metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Uncategorized IN W294 Metals and metal DxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Uncategorized IN W296 Amines, aliphatic and TxD s 
metal aromatic x metals and 

metal compounds, toxic 
(7 x 24) 

x = Compared with 

Explanation 
Code 

Number 

20 

33a 

12b 

12c 

24 

33a 

12c 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 

C1-56 01 /1 0/96 11 :25am 



Final Waste 
Form Group 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code• Number 

IN W296 Halogenated organics x TxD HF 24 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W296 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W298 Halogenated organics x TxD HF 24 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W298 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W300 Halogenated organics x T1 x D HF 24 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

IN W300 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants• Code* 

Heterogeneous IN W302 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified IN W309 Halogenated organics x DxD HF 
organics metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified IN W309 Metals and metal TxD s 
organics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Salt waste IN W311 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Salt waste IN W312 Caustics x metals, other MxD GF H 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Salt waste IN W312 Caustics x metals and M x T1 s 
metal compounds, toxic 
(10 x 24) 

x = Compared with 

Explanation 
Code 

Number 

20 

23 

33a 

20 

14 

16 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Salt waste 

Salt waste 

Salt waste 

Salt waste 

Salt waste 

Salt waste 

Salt waste 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

IN W312 Caustics x water reactive MxM Extremely 17 
substances reactive 
(10 x 107) 

IN W312 Ethers x water reactive DxM Extremely 17b 
substances reactive 
(14 x 107) 

IN W312 Fluorides, inorganic x DxM Extremely 18 
water reactive reactive 
substances 
(15 x 107) 

IN W312 Metals, other elemental DxM Extremely 31 
and alloys as sheets, reactive 
rods, drops, moldings, 
etc. x water reactive 
substances 
(23 x 107) 

IN W312 Metals and metal T1 x D s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

IN W312 Metals and metal T1 x M Extremely 35 
compounds, toxic x reactive 
water and mixtures 
containing water 
(24 x 107) 

IN W312 Combustible and DxM Extremely 39 
flammable materials, reactive 
miscellaneous x water 

~ and mixtures containing 

I water 
(101 x 107) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace {<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Salt waste IN W314 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Heterogeneous IN W323 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible IN W330 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Solidified IN W347 Caustics x metals, other MxD GF H 
in organics elemental, and alloys as 

sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Uncategorized LA W001 Metals and metal DxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified LA W002 Ethers x oxidizing D x T2 HF 
in organics agents, strong 

(14x104) 

Solidified LA W002 Ethers x water reactive D xT2 Extremely 
inorganics substances reactive 

(14 x 107) 

x = Compared with 

Explanation 
Code 

Number 

20 

33a 

33a 

15 

33a 

17a 

17b 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace ( <1 
ppm range); M = Minor (1 - 10% by wt.); D = Dominant (>1 O % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
in organics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA W002 Fluorides, inorganic x D x T2 Extremely 18 
water reactive reactive 
substances 
(15 x 107) 

LA W002 Metals and metal T2 x D s 33a 34 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

LA W003 Ethers x oxidizing D x T2 HF 17a 
agents, strong 
(14 x 104) 

LA W003 Ethers x water reactive D x T2 Extremely 17b 
substances reactive 
(14 x 107) 

LA W003 Fluorides, inorganic x D x T2 Extremely 18 
water reactive reactive 
substances 
(15x107) 

LA W003 Metals and metal T3 x D s 33 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

LA W003 Combustible and D x T2 HE 36d 
flammable materials, 
miscellaneous x 
explosives 
(101 x 102) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT= toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/INIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified LA W003 Combustible and D x T2 HFG 
inorganics flammable materials, 

miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

Solidified LA W003 Combustible and D x T2 Extremely 
inorganics flammable materials, reactive 

miscellaneous x water 
reactive substances 
(101 x 107) 

Combustible LA W004 Nonoxidizing mineral T1 x D H 
acids x ethers 
(1 x 14) 

Combustible LA W004 Nonoxidizing mineral T1 x D GT 
acids x fluorides, 
inorganic 
(1 x 15) 

Combustible LA W004 Nonoxidizing mineral T1 x D GF HF 
acids x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

Combustible LA W004 Nonoxidizing mineral T1 x D HG 
acids x miscellaneous 
combustible and 
flammable materials 
(1 x 101) 

Combustible LA W004 Nonoxidizing mineral T1 x D H 
acids x water and 
mixtures containing 
water 
(1 x 106) 

x = Compared with 

Explanation 
Code 

Number 

37 

39 

Oaaa 

Oaaaa 

1 

3 

3b 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA W004 Acids, mineral, oxidizing T1 x D HF 3f 
x esters 
(2 x 14) 

LA W004 Acids, mineral, oxidizing T1 x D GT 3g 
x fluorides, inorganic 
(2 x 15) 

LA W004 Acids, mineral, oxidizing T1 x D GF HF 4 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

LA W004 Acids, mineral, oxidizing T1 x D H FGT 9 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

LA W004 Acids, mineral, oxidizing T1 x D H 10a 
x water and mixtures 
containing water 
(2 x 106) 

LA W004 Organic acids x TxD GT 11d 
fluorides, inorganic 
(3 x 15) 

LA W004 Caustics x metals, other TxD GF H 15 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

LA W004 Ethers x oxidizing D x T1 HF 17a 
agents, strong 
(14x104) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Combustible LA W004 Ethers x water reactive DxT Extremely 
substances reactive 
(14 x 107) 

Combustible LA W004 Flourides, inorganic x DxT Extremely 
water reactive reactive 
substances 
(15 x 107) 

Combustible LA W004 Halogenated organics x T1 x D HF 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Combustible LA W004 Metals, other elemental T2 x D GF H 
and alloys as powders, 
vapors, or sponges x 
water and mixtures 
containing water 
(22 x 106) 

Combustible LA W004 Metals, other elemental D x T1 HF 
and alloys as sheets, 
rods, drops, molding, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

Combustible LA W004 Metals, other elemental DxT Extremely 
and alloys as sheets, reactive 
rods, drops, moldings, 
etc. x water reactive 
substances 
(23 x 107) 

x = Compared with 

Explanation 
Code 

Number 

17b 

18 

20 

28e 

29 

31 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA W004 Metals and metal T1 x D s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

LA W004 Nitrides x combustible T1 x D H GF F 36a 
and flammable 
materials, miscellaneous 
(25 x 101) 

LA W004 Nitrides x water and T1 x D GF H 36aa 
mixtures containing 
water (25 x 1 06) 

LA W004 Combustible and D x T2 HE 36d 
flammable materials, 
miscellaneous x 
explosives 
(101 x 102) 

LA W004 Combustible and D x T1 HFG 38 
flammable materials, 
miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

LA W004 Combustible and DxT Extremely 39 
flammable materials, reactive 
miscellaneous x water 
reactive substances 
(101 x 107) 

LA W005 Acids, mineral, non- T2 x D H Oaaa 
oxidizing x ethers 
(1 x 14) 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code• 

Uncategorized LA W005 Acids, mineral, non- T2 x D GT 
metal oxidizing x fluorides, 

inorganic 
(1 x 15) 

Uncategorized LA W005 Acids, mineral, non- T2 x D GF HF 
metal oxidizing x Metals, other 

elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

Uncategorized LA W005 Acids, mineral, non- T2 x D HG 
metal oxidizing x combustible 

and flammable 
materials, miscellaneous 

(1 x 101) 

Uncategorized LA W005 Acids, mineral, non- T2 x D H 
metal oxidizing x water and 

mixtures containing 
water 
(1 x 106) 

Uncategorized LA W005 Acids, mineral, oxidizing T2 x D HF 
metal x ethers 

(2 x 14) 

Uncategorized LA W005 Acids, mineral, oxidizing T2 x D GT 

metal x fluorides, inorganic 
(2 x 15) 

Uncategorized LA W005 Acids, mineral, oxidizing T2x D GF HF 

metal x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

x = Compared with 

Explanation 
Code 

Number 

Oaaaa 

1 

3 

3b 

3f 

3g 

5 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91..005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA WOOS Acids, mineral, oxidizing T2x D HF GT 8 
x combustible and 
flammable materials, 
miscellaneous 
(2 x 101) 

LA WOOS Acids, mineral, oxidizing T2 x D H 10a 
x water and mixtures 
containing water 
(2 x 106) 

LA WOOS Acids, organic x T2 x D GT 11d 
fluorides, inorganic 
(3 x 1S) 

LA WOOS Caustics x metals, other T2x D GF H 1S 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

LA WOOS Ethers x oxidizing DxT2 HF 17a 
agents, strong 
(14 x 104) 

LA WOOS Ethers x water reactive DxT2 Extremely 17b 
substances reactive 
(14 x 107) 

LA WOOS Flourides, inorganic x D x T2 Extremely 18 
water reactive reactive 
substances 
(1S x 107) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace {low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant {>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/\/VIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Uncategorized LA WOOS Halogenated organics x T2 x D HF 
metal metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Uncategorized LA WOOS Metals, other elemental D x T2 HF 
metal and alloys as sheets, 

rods, drops, moldings, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

Uncategorized LA WOOS Metals, other elemental DxT2 Extremely 
metal and alloys as sheets, reactive 

rods, drops, moldings, 
etc. x water reactive 
substances 
(23 x 107) 

Uncategorized LA WOOS Metals and metal TxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Uncategorized LA WOOS Combustible and D x T2 HFG 
metal flammable materials, 

miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

Uncategorized LA WOOS Combustible and D x T2 Extremely 
metal flammable materials, reactive 

miscellaneous x water 
reactive substances 
(101 x 107) 

x = Compared with 

Explanation 
Code 

Number 

24 

30 

32 

33a 

38 

39 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA WOOS Acids, mineral, non- T2 x D H Oaaa 
oxidizing x ethers 
(1 x 14) 

LA WOOS Acids, mineral, non- T2 x D GT Oaaaa 
oxidizing x fluorides, 
inorganic 
(1 x 15) 

LA WOOS Acids, mineral, non- T2 x D GF HF 1 
oxidizing x Metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

LA WOOS Acids, mineral, non- T2 x D HG 3 
oxidizing x combustible 
and flammable 
materials, miscellaneous 

(1 x 101) 

LA WOOS Acids, mineral, non- T2 x D HGT 3aa 
oxidizing x oxidizing 
agenst, strong 
(1 x 104) 

LA WOOS Acids, mineral, non- T2 x D H 3b 
oxidizing x water and 
mixtures containing 
water 
(1 x 10S) 

LA WOOS Acids, mineral, oxidizing T2x D HF 3f 
x ethers 
(2 x 14) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified LA W006 Acids, mineral, oxidizing T2 x D GT 
inorganics x fluorides, inorganic 

(2 x 15) 

Solidified LA W006 Acids, mineral, oxidizing T2 x D GF HF 
inorganics x metals, other 

elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

Solidified LA W006 Acids, mineral, oxidizing T2 x D HF GT 
inorganics x combustible and 

flammable materials, 
miscellaneous 
(2 x 101) 

Solidified LA W006 Acids, mineral, oxidizing T2 x D H 
inorganics x water and mixtures 

containing water 
(2 x 106) 

Solidified LA W006 Acids, organic x T2 x D GT 
inorganics fluorides, inorganic 

(3 x 15) 

Solidified LA W006 Acids, organic x T2 x D HGT 
in organics oxidizing agents, strong 

(3 x 104) 

Solidified LA W006 Alcohols and glycols x T2 x D HF 
inorganics oxidizing agents, strong 

(4 x 104) 

Solidified LA W006 Amines, aliphatic and T2 x D HF GT 
inorganics aromatic x oxidizing 

agents, strong 
(7 x 104) 

x = Compared with 

Explanation 
Code 

Number 

3g 

4 

9 

10 

11d 

12bbb 

12bb 

12d 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M = Minor (1 - 10% by wt.); D = Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEJ\NIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA W006 Caustics x metals, other T1 x D GF H 15 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

LA W006 Ethers x oxidizing DxD HF 17a 
agents, strong 
(14 x 104) 

LA W006 Ethers x water reactive D x T1 Extremely 17b 
substances reactive 
(14 x 107) 

LA W006 Flourides, inorganic x D x T1 Extremely 18 
water reactive reactive 
substances 
(15 x 107) 

LA W006 Halogenated organics x T2x D HF 25 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

LA W006 Halogenated organics x T2 x D HGT 28 
oxidizing agents, strong 
(17 x 104) 

LA W006 Metals, alkalai and TxD HGF 28b 
alkaline earth, elemental 
x combustible and 
flammable materials, 
miscellaneous 
(21 x 101) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 

C1-71 01110/96 11 :25am 



WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified LA W006 Metals, alkalai and TxD HFE 
in organics alkaline earth, elemental 

x oxidizing agents, 
strong 
(21 x 104) 

Solidified LA W006 Metals, alkalai and TxD GF H 
inorganics alkaline earth, elemental 

x water and mixtures 
containing water 
(21 x 106) 

Solidified LA W006 Metals, other elemental DxD HF 
in organics and alloys as sheets, 

rods, drops, moldings, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

Solidified LA W006 Metals, other elemental D x T1 Extremely 
inorganics and alloys as sheets, reactive 

rods, drops, moldings, 
etc. x water reactive 
substances 
(23 x 107) 

Solidified LA W006 Metals and metal T1 x D s 
in organics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified LA W006 Nitro compounds, T2x D HE 
inorganics organic x oxidizing 

agents, strong 
(27 x 104) 

x = Compared with 

Explanation 
Code 

Number 

28c 

28d 

29 

31 

33a 34 

36b 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LA W006 Hydrocarbons, aliphatic, T2 x D HF 36c 
saturated x oxidizing 
agents, strong 
(29 x 104) 

LA W006 Combustible and DxT HE 36d 
flammable materials, 
miscellaneous x 
explosives 
(101 x 102) 

LA W006 Combustible and DxD HFG 37 
flammable materials, 
miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

LA W006 Combustible and D x T1 Extremely 39 
flammable materials, reactive 
miscellaneous x water 
reactive substances 
(101 x 107) 

LA W006 Explosives x oxidizing TxD HE 40 
agents, strong 
(102 x 104) 

LA W006 Oxiding agents, strong x D x T1 Extremely 41 
water reactive reactive 
substances 
(104 x 107) 

LA W009 Halogenated organics x TxD HF 20 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Combustible LL M001 Acids, mineral, non- TxD H 
oxidizing x ethers 
(1 x 14) 

Combustible LL M001 Acids, mineral, non- TxD GT 
oxidizing x fluorides, 
inorganic 
(1 x 15) 

Combustible LL M001 Acids, mineral, non- TxD GF HF 
oxidizing x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

Combustible LL M001 Acids, mineral, non- TxD HG 
oxidizing x combustible 
and flammable 
materials, miscellaneous 

(1 x 101) 

Combustible LL M001 Acids, mineral, non- TxD H 
oxidizing x water and 
mixtures containing 
water 
(1 x 106) 

Combustible LL M001 Acids, mineral, oxidizing TxD HF 
x ethers 
(2 x 14) 

Combustible LL M001 Acids, mineral, oxidizing TxD GT 
x fluorides, inorganic 
(2 x 15) 

x = Compared with 

Explanation 
Code 

Number 

Oaaa 

Oaaaa 

1 

3 

3b 

3f 

3g 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 

C1-74 01/10/96 11 :25am 



Final Waste 
Form Group 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LL M001 Acids, mineral, oxidizing TxD GF HF 4 
x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

LL M001 Acids, mineral, oxidizing TxD HF GT 9 
x combustible and 
flammable materials, 
miscellaneous 
(2 x 101) 

LL M001 Acids, mineral, oxidizing TxD H 10 
x water and mixtures 
containing water 
(2 x 106) 

LL M001 Acids, organic x TxD GT 11d 
fluorides, inorganic 
(3 x 15) 

LL M001 Caustics x metals, other TxD GF H 15 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10x23) 

LL M001 Ethers x oxidizing DxT HF 17a 
agents, strong 
(14 x 104) 

LL M001 Halogenated organics x TxD HF 26 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants• Code* 

Combustible LL M001 Metals, alkalai and TxD HGF 
alkaline earth, elemental 
x combustible and 
flammable materials, 
miscellaneous 
(21 x 101) 

Combustible LL M001 Metals, alkalai and TxD GF H 
alkaline earth, elemental 
x water and mixtures 
containing water 
(21 x 106) 

Combustible LL M001 Metals, other elemental TxD GF H 
and alloys as powders, 
vapors, or sponges x 
water and mixtures 
containing water 
(22 x 106) 

Combustible LL M001 Metals, other elemental DxT HF 
and alloys as sheets, 
rods, drops, molding, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

Combustible LL M001 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible LL M001 Combustible and DxT HE 
flammable materials, 
miscellaneous x 
explosives 
(101 x 102) 

x = Compared with 

Explanation 
Code 

Number 

28b 

28d 

28e 

30 

33a 34 

36d 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Combustible 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LL M001 Combutible and DxT HFG 38 
flammable materials, 
miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

LL W018 Acids, mineral, non- TxD H Oaaaa 
oxidizing x ethers 
(1 x 14) 

LL W018 Acids, mineral, non- TxD GT Oaaa 
oxidizing x fluorides, 
inorganic 
(1 x 15) 

LL W018 Acids, mineral, non- TxD GF HF 1 
oxidizing x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

LL W018 Acids, mineral, non- TxD HG 3 
oxidizing x combustible 
and flammable 
materials, miscellaneous 

(1 x 101) 

LL W018 Acids, mineral, non- TxD H 3b 
oxidizing x water and 
mixtures containing 
water 
(1 x 106) 

LL W018 Acids, mineral, oxidizing TxD HF 3f 
x ethers 
(2 x 14) 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/\/VIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Uncategorized LL W018 Acids, mineral, oxidizing TxD GT 
metal x fluorides, inorganic 

(2 x 15) 

Uncategorized LL W018 Acids, mineral, oxidizing TxD GF HF 
metal x metals, other 

elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

Uncategorized LL W018 Acids, mineral, oxidizing TxD HF GT 
metal x combustible and 

flammable materials, 
miscellaneous 
(2 x 101) 

Uncategorized LL W018 Acids, mineral, oxidizing TxD H 
metal x water and mitures 

containing water 
(2 x 106) 

Uncategorized LL W018 Acids, organic x TxD GT 
metal fluorides, inorganic 

(3 x 15) 

Uncategorized LL W018 Caustics x metals, other TxD GF H 
metal elemental and alloys as 

sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Uncategorized LL W018 Ethers x oxidizing DxT HF 
metal agents, strong 

(14 x 104) 

x = Compared with 

Explanation 
Code 

Number 

3g 

5 

8 

10a 

11d 

15 

17a 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 = Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

Uncategorized 
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants• Code* Number 

LL W018 Halogenated organics x TxD HF 22 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

LL W018 Metals, alkalai and TxD HGF 28b 
alkaline earth, elemental 
x combustible and 
flammable materials, 
miscellaneous 
(21 x 101) 

LL W018 Metals, alkalai and TxD GF H 28d 
alkaline earth, elemental 
x water and mixtures 
containing water 
(21 x 106) 

LL W018 Metals, other elemental TxD GF H 28e 
and alloys as powders, 
vapors, or sponges x 
water and mixtures 
containing water 
(22 x 106) 

LL W018 Metals, other elemental DxT HF 30 
and alloys as sheets, 
rods, drops, molding, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

LL W018 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/V\/IPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants• Code* 

Uncategorized LL W018 Combustible and DxT HE 
metal flammable materials, 

miscellaneous x 
explosives 
(101 x 102) 

Uncategorized LL W018 Combutible and DxT HFG 
metal flammable materials, 

miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

Solidified LL W019 Acids, mineral, non- MxT H 
inorganics oxidizing x alcohols and 

glycols 
(1 x 4) 

Solidified LL W019 Acids, mineral, non- MxM H 
in organics oxidizing x caustics 

(1 x 10) 

Solidified LL W019 Acids, mineral, non- MxD H 
in organics oxidizing x ethers 

(1 x 14) 

Solidified LL W019 Acids, mineral, non- MxD GT 
inorganics oxidizing x fluorides, 

inorganic 
(1 x 15) 

Solidified LL W019 Acids, mineral, non- MxT HGT 
inorganics oxidizing x halogentaed 

organics 
(1 x 17) 

Solidified LL W019 Acids, mineral, non- MxT H 
inorganics oxidizing x ketones 

(1 x 19) 

x = Compared with 

Explanation 
Code 

Number 

36d 

38 

Oa 

Oaa 

Oaaa 

Oaaaa 

Ob 

Obb 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LL W019 Acids, mineral, non- MxD GF HF 1 
oxidizing x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

LL W019 Acids, mineral, non- MxT s 2 
oxidizing x metals and 
metal compounds, toxic 
(1 x 24) 

LL W019 Acids, mineral, non- MxD HG 3 
oxidizing x combustible 
and flammable 
materials, miscellaneous 

(1 x 101) 

LL W019 Acids, mineral, non- MxT HE 3a 
oxidizing x explosives 
(1 x 102) 

LL W019 Acids, mineral, non- MxT HGT 3aa 
oxidizing x oxidizing 
agents, strong 
(1 x 104) 

LL W019 Acids, mineral, non- MxD H 3b 
oxidizing x water and 
mixtures containing 
water 
(1 x 106) 

LL W019 Acids, mineral, oxidizing MxT GH 3c 
x acids, organic 
(2 x 3) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified LL W019 Acids, mineral, oxidizing MxT HF 
inorganics x alcohols and glycols 

(2 x 4) 

Solidified LL W019 Acids, mineral, oxidizing MxM H 
inorganics x caustics 

(2 x 10) 

Solidified LL W019 Acids, mineral, oxidizing MxD HF 
inorganics x ethers 

(2 x 14) 

Solidified LL W019 Acids, mineral, oxidizing MxD GT 
inorganics x fluorides, inorganic 

(2 x 15) 

Solidified LL W019 Acids, mineral, oxidizing MxT HF GT 
inorganics x halogenated orgnaics 

(2 x 17) 

Solidified LL W019 Acids, mineral, oxidizing MxT HF 
inorganics x ketones 

(2 x 19) 

Solidified LL W019 Acids, mineral, oxidizing MxD GF HF 
inorganics x metals, other 

elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

Solidified LL W019 Acids, mineral, oxidizing MxT s 
inorganics x metals and metals 

compounds, toxic 
(2 x 24) 

Solidified LL W019 Acids, mineral, oxidizing MxD HF GT 
inorganics x combustible and 

flammable materials 
(2 x 101) 

x = Compared with 

Explanation 
Code 

Number 

3d 

3e 

3f 

3g 

3h 

3i 

4 

6 

9 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
in organics 

Solidified 
in organics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

LL W019 Acids, mineral, oxidizing MxT HE 9a 
x explosives 
(2 x 102) 

LL W019 Acids, mineral, oxidizing MxD H 10 10a 
x water and mitures 
containing water 
(2 x 106) 

LL W019 Acids, organic x caustics TxM H 11b 
(3 x 10) 

LL W019 Acids, organic x TxD GT 11d 
fluorides, inorganic 
(3 x 15) 

LL W019 Caustics x halogenated MxT H 13 
solvents 
(10 x 17) 

LL W019 Caustics x ketones MxT H 13a 
(10 x 19) 

LL W019 Caustics x metals, other MxD GF H 16a 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

LL W019 Caustics x metals and MxT s 16a 
metal compounds, toxic 
(10 x 24) 

LL W019 Caustics x explosives MxT HE 16c 
(10 x 102) 

LL W019 Ethers x oxidizing DxT HF 17a 
agents, strong 
(14 x 104) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified LL W019 Halogenated organics x TxD HF 
inorganics metals, other elemental 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Solidified LL W019 Metals, other elemental DxT HF 
inorganics and alloys as sheets, 

rods, drops, molding, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

Solidified LL W019 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified LL W019 Combustible and DxT HE 
in organics flammable materials, 

miscellaneous x 
explosives 
(101 x 102) 

Solidified LL W019 Combutible and DxT HFG 
inorganics flammable materials, 

miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

Heterogeneous NT W001 Acids, mineral, non- MxT H 
oxidizing x alcohols and 
glycol (1 x 4) 

Heterogeneous NT W001 Acids, mineral, non- MxM H 
oxidizing x caustics 
(1 x 10) 

x = Compared with 

Explanation 
Code 

Number 

25 

29 

33a 34 

36d 

37 

Oa 

Oaa 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste I Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants• Code* Number 

NT W001 Acids, mineral, non- MxD H Oaaa 
oxidizing x ethers 
(1 x 14) 

NT W001 Acids, mineral, non- MxD GT Oaaaa 
oxidizing x fluorides, 
inorganic (1 x 15) 

NT W001 Acids, mineral, non- MxT HGT Ob 
oxidizing x halogentaed 
organics 
(1 x 17) 

NT W001 Acids, mineral, non- MxT H Obb 
oxidizing x ketones 
(1 x 19) 

OR W044 Acids, mineral, non- TxD GF HF 1 
oxidizing x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(1 x 23) 

NT W001 Acids, mineral, non- MxT s 2 
oxidizing x metals and 
metal compounds, toxic 
(1 x 24) 

NT W001 Acids, mineral, non- MxT HG 3 
oxidizing x combustible 
and flammable 
materials, miscellaneous 
(1 x 101) 

NT W001 Acids, mineral, non- MxT HE 3a 
oxidizing x explosives 
(1 x 102) 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part 8 Permit Application 
DOE/VVIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous NT W001 Acids, mineral, non- MxT HGT 
oxidizing x oxidizing 
agents, strong (1 x 104) 

Heterogeneous NT W001 Acids, mineral, non- MxD H 
oxidizing x water and 
mixtures containing 
water 
(1 x 106) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxT GH 
x acids, organic 
(2 x 3) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxT HF 
x alcohols and glycols 
(2 x 4) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxM H 
x caustics 
(2 x 10) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxD HF 
x ethers 
(2 x 14) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxD GT 
x fluorides, inorganic 
(2 x 15) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxT HF GT 
x halogenated organics 
(2 x 17) 

Heterogeneous NT W001 Acids, mineral, oxidizing MxT HF 
x ketones 
(2 x 19) 

x = Compared with 

Explanation 
Code 

Number 

3aa 

3b 

3c 

3d 

3e 

3f 

3g 

3h 

3i 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

NT W001 Acids, mineral, oxidizing TxM GF HF 45 
x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

NT W001 Acids, mineral, oxidizing MxT s 67 
x metals and metal 
compounds, toxic 
(2 x 24) 

NT W001 Acids, mineral, oxidizing MxT HF GT 89 
x combustible and 
flammable materials, 
miscellaneous 
(2 x 101) 

NT W001 Acids, mineral, oxidizing TxD HF GT 8 
x combustible and 
flammable materials, 
miscellaneous 
(2 x 101) 

NT W001 Acids, mineral, oxidizing MxT HE 9a 
x explosives 
(2 x 102) 

NT W001 Acids, mineral, oxidizing MxD H 10a 
x water and mitures 
containing water 
(2 x 106) 

NT W001 Acids, organic x caustics TxM H 11b 
(3 x 10) 

NT W001 Acids, organic x TxD GT 11d 
fluorides, inorganic 
(3 x 15) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace {low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant {>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT =toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous NT W001 Caustics x halogenated MxT H 
organics 
(10 x 17) 

Heterogeneous NT W001 Caustics x ketones MxT H 
(10 x 19) 

Heterogeneous NT W001 Caustics x metals, other TxM GF HF 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Heterogeneous NT W001 Caustics x metals and MxT s 
metal compounds, toxic 
(10x24) 

Heterogeneous NT W001 Caustics x explosives MxT HE 
(10 x 102) 

Heterogeneous NT W001 Ethers x oxidizing DxT HF 
agents, strong (14 x 
104) 

Heterogeneous NT W001 Halogenated organics x TxM HF 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Heterogeneous NT W001 Metals, alkali, and TxD HGF 
alkaline earth, elemental, 
and alloys x 
miscellaneous 
combustible and 
flammable materials 
(21 x 101) 

x = Compared with 

Explanation 
Code 

Number 

13 

13a 

15 

16a 

16c 

17a 

20 24 

28b 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 

C1-88 01/10/96 11 :25am 

2 

3 

4 



Final Waste 
Form Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE!WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

NT W001 Metals, other elemental MxT HF 30 
and alloys as sheets, 
rods, drops, molding, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

NT W001 Metals and metal TxD s 33 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

NT W001 Combustible and DxT HE 36d 
flammable materials, 
miscellaneous x 
explosives 
(101 x 102) 

NT W001 Combutible and DxT HFG 38 
flammable materials, 
miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

OR W040 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

OR W042 Metals and metal TxD s 33 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOEANIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous OR W044 Acids, mineral, non- TxD H 
oxidizing x ethers 
(1 x 14) 

Heterogeneous OR W044 Acids, mineral, non- TxD GT 
oxidizing x fluorides, 
inorganic 
(1 x 15) 

Heterogeneous OR W044 Acids, mineral, non- TxD HG 
oxidizing x combustible 
and flammable 
materials, miscellaneous 

(1 x 101) 

Heterogeneous OR W044 Acids, mineral, non- TxD H 
oxidizing x water and 
mixtures containing 
water 
(1 x 106) 

Heterogeneous OR W044 Acids, mineral, oxidizing TxD HF 
x ethers 
(2 x 14) 

Heterogeneous OR W044 Acids, mineral, oxidizing TxD GT 
x fluorides, inorganic 
(2 x 15) 

Heterogeneous OR W044 Acids, mineral, oxidizing TxD GF HF 
x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

x = Compared with 

Explanation 
Code 

Number 

Oaaa 

Oaaaa 

3 

3b 

3f 

3g 

5 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

OR W044 Acids, mineral, oxidizing TxD HF GT 8 
x combustible and 
flammable materials, 
miscellaneous 
(2 x 101) 

OR W044 Acids, mineral, oxidizing TxD H 10a 
x water and mitures 
containing water 
(2 x 106) 

OR W044 Acids, organic x T2 x D GT 11d 
fluorides, inorganic 
(3 x 15) 

OR W044 Azo compounds, diazo T2 x D HFG 12e 
compounds, hydrazines 
x metals, other 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(8 x 23) 

OR W044 Azo compounds, diazo T2 x D G 12f 
compounds, hydrazines 
x water and mixtures 
containing water 
(8 x 106) 

OR W044 Caustics x metals, other T1 x D GF H 15 
elemental and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

OR W044 Ethers x oxidizing D x T1 HF 17a 
agents, strong 
(14 x 104) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous OR W044 Halogenated organics x T2 x D HF 
metals, other elemental 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Heterogeneous OR W044 Metals, other elemental D x T1 HF 
and alloys as sheets, 
rods, drops, molding, 
etc. x oxidizing agents, 
strong 
(23 x 104) 

Heterogeneous OR W044 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Heterogeneous OR W044 Combutible and D x T1 HFG 
flammable materials, 
miscellaneous x 
oxidizing agents, strong 
(101 x 104) 

Heterogeneous OR W045 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Solidified OR W046 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

20 22 

29 

33a 

38 

33a 

33a 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Solidified 
inorganics 

Solidified 
inorganics 

Solidified 
inorganics 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

OR W047 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

PA W015 Metals and metal TxD s 33a 34 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF M001 Halogenated organics x T1 x D HF 19 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

RF M001 Metals and metal T1 x D s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF M002 Halogenated organics x TxD HF 20 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17x23) 

RF WOOS Halogenated organics x TxD HF 23 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant {>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified RF W010 Halogenated organics x T1 x D HF 
in organics metals, other elemental 

and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

Solidified RF W010 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Uncategorized RF W011 Halogenated organics x T1 x D HF 
metal metals, other elemental 

and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

Uncategorized RF W011 Metals and metal DxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Heterogeneous RF W012 Halogenated organics x TxD HF 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17x23) 

Solidified RF W013 Halogenated organics x DxD HF 
inorganics metals, other elemental 

and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

x = Compared with 

Explanation 
Code 

Number 

19 

33a 

21 

33a 

20 

25 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Inorganic non-
metal 

Lead/cadmium 
metal waste 

Inorganic non-
metal 

Inorganic non-
metal 

Inorganic non-
metal 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE!WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

RF W026 Halogenated organics x TxD HF 24 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17x23) 

RF W029 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF W032 Halogenated organics x T3 x D HF 22 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17x23) 

RF W032 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF W032 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF W036 Halogenated organics x TxD HF 24 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous RF W036 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Uncategorized RF W037 Halogenated organics x T1 x D HF 
metal metals, other elemental 

and alloys as sheets, 
rods, moldings, etc. 
(17x23) 

Uncategorized RF W037 Metals and metal DxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified RF W038 Acids, organic x TxD GT 
inorganics fluorides, inorganic 

(3 x 15) 

Solidified RF W040 Halogenated organics x TxD HF 
inorganics metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Solidified RF W040 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Lead/cadmium RF W041 Acids, mineral, oxidizing TxD HF 
metal waste x ethers 

(2 x 14) 

x = Compared with 

Explanation 
Code 

Number 

33a 

24 

33a 

11d 

26 

33a 

3f 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Lead/cadmium 
metal waste 

Lead/cadmium 
metal waste 

Lead/cadmium 
metal waste 

Lead/cadmium 
metal waste 

Lead/cadmium 
metal waste 

Lead/cadmium 
metal waste 

Inorganic non-
metal 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOEJ\NIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants• Code* Number 

RF W041 Acids, mineral, oxidizing TxD GT 3g 
x fluorides, inorganic 
(2 x 15) 

RF W041 Acids, mineral, oxidizing TxD GF HF 5 
x metals, other 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(2 x 23) 

RF W041 Acids, mineral, oxidizing TxD s 7 
x metals and metal 
compounds, toxic 
(2 x 24) 

RF W041 Acids, mineral, oxidizing TxD HF GT 8 
x miscellaneous 
combustible and 
flammable materials 
(2 x 101) 

RF W041 Acids, mineral, oxidizing TxD H 10a 
x water and mixtures 
containing water 
(2 x 106) 

RF W041 Metals and metal DxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF W052 Halogenated organics x T3x D HF 22 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
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TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Inorganic non- RF W052 Metals and metal DxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Inorganic non- RF W056 Halogenated organics x T3 x D HF 
metal metals, other elemental 

and alloys as sheets, 
rods, moldings, etc. 
(17x23) 

Inorganic non- RF W056 Metals and metal DxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Inorganic non- RF W057 Halogenated organics x TxD HF 
metal metals, other elemental 

and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

Salt Waste RF W058 Caustics x metals, other MxD GF H 
elemental, and alloys as 
sheets, rods, drops, 
moldings, etc. 
(10 x 23) 

Salt Waste RF W058 Caustics x metals and M x T1 s 
metal compounds, toxic 
(10 x 24) 

Salt Waste RF W058 Caustics x water reactive MxM Extremely 
substances reactive 
(10 x 107) 

x = Compared with 

Explanation 
Code 

Number 

33a 

22 

33a 

22 

15 

16 

17 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Salt Waste 

Salt Waste 

Salt Waste 

Salt Waste 

Salt Waste 

Salt Waste 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

RF W058 Ethers x water reactive DxM Extremely 17b 
substances reactive 
(14 x 107) 

RF W058 Fluorides, inorganic x DxM Extremely 18 
water reactive reactive 
substances 
(15x107) 

RF W058 Metals, other elemental DxM Extremely 31 
and alloys as sheets, reactive 
rods, drops, moldings, 
etc. x water reactive 
substances 
(23 x 107) 

RF W058 Metals and metal T1 x D s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RF W058 Metals and metal T1 x M Extremely 35 
compounds, toxic x reactive 
water and mixtures 
containing water 
(24 x 107) 

RF W058 Combustible and DxM Extremely 39 
flammable materials, reactive 
miscellaneous x water 
and mixtures containing 
water 
(101 x 107) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 = Trace {<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by V·•' ). 
• = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Solidified RF W059 Metals, alkali, and DxD HGF 
inorganics alkaline earth, elemental, 

and alloys x 
miscellaneous 
combustible and 
flammable materials 
(21 x 101) 

Solidified RF W059 Metals, alkali, and DxD GF H 
inorganics alkaline earth, elemental, 

and alloys x water and 
mixtures containing 
water 
(21 x 106) 

Solidified RF W059 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Graphite RF W060 Metals & metal MxD s 
copmounds, toxic x 
water & mixtures 
containing water. 
(24 x 106) 

Solidified RF W063 Metals and metal TxD s 
in organics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

28b 

28d 

33a 

33a 

33 33a 34 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Solidified 
inorganics 

Solidified 
inorganics 

Filter 

Filter 

Solidified 
inorganics 

Solidified 
inorganics 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

RF W065 Metals, alkali, and DxD HGF 28b 
alkaline earth, elemental, 
and alloys x 
miscellaneous 
combustible and 
flammable materials 
(21 x 101) 

RF W065 Metals, alkali, and DxD GF H 28d 
alkaline earth, elemental, 
and alloys x water and 
mixtures containing 
water 
(21 x 106) 

RF W066 Halogenated organics x T1 x D HF 21 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

RF W067 Halogenated organics x T1 x D HF 23 
metals, other elemental 
and alloys as sheets, 
rods, moldings, etc. 
(17 x 23) 

RF W068 Halogenated organics x TxD HF 19 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

RF W068 Metals and metal TxD s 33a 34 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E =explosive. 
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WIPP RCRA Part B Permit Application 
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TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants• Code* 

Solidified RF W069 Halogenated organics x TxD HF 
organics metals other elemental & 

alloy, as sheets, rods, 
moldings, drops, etc. 
(17x23) 

Solidified RF W076 Halogenated organics x TxD HF 
inorganics metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified RF W076 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Uncategorized RL M001 Metals and metal TxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Uncategorized RL M002 Metals and metal TxD s 
metal compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

Solidified RL MOOS Metals and metal MxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

23 26 

19 

33 33a 

33a 

33a 

33a 34 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P =violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Heterogeneous 

Soils 

Uncategorized 
metal 

Combustible 

Combustible 

Combustible 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants' Code* Number 

RL M006 Halogenated organics x TxD HF 20 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

RL M007 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL MOOS Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL M010 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL M011 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL M012 Halogenated organics x TxD HF 20 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Combustible RL M013 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Combustible RL M014 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible RL M015 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Combustible RL M016 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Combustible RL M016 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Lead/cadmium RL M019 Metals and metal TxD s 
metal waste compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

20 

33a 

33a 

20 

33a 

33a 

#=Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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Final Waste 
Form Group 

Lead/cadmium 
metal waste 

Uncategorized 
metal 

Combustible 

Solidified 
inorganics 

Heterogeneous 

Heterogeneous 

x = Compared with 

TABLE C1-1 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

SUMMARY OF POTENTIAL INCOMPATIBILITIES 
FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste Explanation 
Stream Potential Chemical Concentration Reaction Code 

Unique ID Compatibility Reaction of Reactants# Code* Number 

RL M020 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL M021 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL M022 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

RL M032 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

SR W026 Halogenated organics x TxD HF 20 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

SR W026 Metals and metal TxD s 33a 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

# = Concentration of Reactants: T =Trace (<1 % by et.); T1 =Trace (<0.1 % by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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TABLE C1-1 
SUMMARY OF POTENTIAL INCOMPATIBILITIES 

FOR WASTE FORMS AND CONTAINER MATERIAL 

Waste 
Final Waste Stream Potential Chemical Concentration Reaction 
Form Group Unique ID Compatibility Reaction of Reactants# Code* 

Heterogeneous SR W027 Halogenated organics x TxD HF 
metals, other elemental, 
and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17x23) 

Heterogeneous SR W027 Metals and metal TxD s 
compounds, toxic x 
water and mixtures 
containing water 
(24 x 106) 

Solidified SR W053 Halogenated organics x TxD HF 
inorganics metals, other elemental, 

and alloys as sheets, 
rods, drops, moldings, 
etc. 
(17 x 23) 

Solidified SR W053 Metals and metal TxD s 
inorganics compounds, toxic x 

water and mixtures 
containing water 
(24 x 106) 

x = Compared with 

Explanation 
Code 

Number 

20 

33a 

19 

33a 

#=Concentration of Reactants: T =Trace (<1% by et.); T1 =Trace (<0.1% by wt.); T2 =Trace (low ppm range); T3 =Trace (<1 
ppm range); M =Minor (1 - 10% by wt.); D =Dominant (>10 % by wt.). 
* = Reaction Code: H = heat generation; S = solubilization of toxic substances; F = fire; GF = flammable gas generation; G = 
nonflammable gas generation; GT = toxic gas generation; P = violent polymerization; and E = explosive. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

DATA ACCUMULATED FROM HEADSPACE GAS ANALYSES 

The first page of this appendix is a summary of headspace gas analytical data to date. The 
average weighted concentrations of contaminants is given. VVeighted concentrations are 
obtained by multiplying average concentrations by waste volume. 
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WEIGHTED AVERAGE CONCENTRATIONS OF HEADSPACE GASES 

Constituent Weighted Average (ppmv) II 
1, 1, 1-Trichloroethane 3.17E+02 

1, 1,2,2-Tetrachloroethane 9.35E+OO 

1, 1,2-Trichloro-1,2,2-trifluoroethane 3.30E+01 

1, 1-Dichloroethane 1.02E+01 

1, 1-Dichloroethylene 1.15E+01 

1,2,4-Trimethylbenzene 1.22E+01 

1,2-Dichloroethane 9.07E+OO 

1,3,5-Trimethylbenzene 8.62E+OO 

Butanol 7.81E+01 

Methyl ethyl ketone 6.37E+01 

Methyl isobutyl ketone 7.90E+01 

Acetone 7.98E+01 

Benzene 9.25E+OO 

Bromoform 9.38E+OO 

Carbon tetrachloride 3.76E+02 

Chlorobenzene 1.25E+01 

Chloroform 2.53E+01 

(cis)-1,2-Dichloroethylene 8.97E+OO 

Cyclohexane 2.75E+01 

Ethyl benzene 1.16E+01 

Ethyl ether 1.33E+01 

Methanol 2.13E+02 

Methylene chloride 3.68E+02 

o-Xylene 1.60E+01 

p/m-Xylene 1.93E+01 

Tetrachloroethylene 9.40E+OO 

Toluene 1.94E+01 

Trichloroethylene 2.51E+01 
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WIPP RCRA PART B PERMIT APPLICATION 
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TRU Waste Disposal Inventory and Weighting Factors for Weighted 
Average Calculation 

Waste Matrix Code Groups Stored Projected Scaled Weighting 
Volumes Volumes Volumes Factor 

(cubic (cubic (cubic 
meters) meters) meters) 

Contact-Handled Waste 

Combustible 7.10E+03 2.70E+04 6.20E+04 3.53E-01 

Filter 4.30E+02 1.10E+03 2.60E+03 1.48E-02 

Graphite 6.70E+02 4.30E+01 7.60E+02 4.30E-03 

Heterogeneous 3.00E+04 4.60E+03 3.90E+04 2.22E-01 

Inorganic non-metal 1.20E+03 3.20E+02 1.80E+03 1.02E-02 

Lead/cadmium metal 5.60E+01 1.30E+02 3.10E+02 1.80E-03 

Salt waste 3.30E+01 6.00E+01 1.50E+02 8.52E-04 

Soils 3.70E+02 4.50E+02 1.30E+03 7.39E-03 

Solidified inorganics 1.70E+04 8.00E+03 3.40E+04 1.94E-01 

Solidified organics 1.50E+03 3.00E+02 2.10E+03 1.20E-02 

Uncategorized metal 1.20E+04 8.60E+03 3.00E+04 1.71E-01 

Unknown 1.70E+03 O.OOE+OO 1.70E+03 9.66E-03 

TOTAL 7.21E+04 5.06E+04 1.76E+05 1.00 

Remote-Handled Waste 

Combustible 1.50E+01 3.20E+OO 2.00E+01 2.BOE-03 

Filter 8.90E-01 2.10E+OO 4.30E+01 6.02E-03 

Heterogeneous 4.40E+02 3.30E+03 5.90E+03 8.26E-01 

Inorganic non-metal 

Lead/cadmium metal O.OOE+OO 6.00E+OO 9.BOE+OO 1.37E-03 

Salt waste O.OOE+OO 2.BOE+OO 4.60E+OO 6.44E-04 

Solidified inorganic 6.10E+02 1.70E+02 9.00E+02 1.26E-01 

Uncategorized metal 8.80E+01 8.60E+01 2.30E+02 3.22E-02 

Unknown 1.10E+01 2.40E+01 3.50E+01 4.90E-03 

TOTAL 1.16E+03 3.59E+03 7.14E+03 1.00 
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Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 

Waste Matrix Value Methanol Ethyl 1, 1,2-Trichloro-1,2,2- 1, 1-Dichloroethene Acetone Methylene 1, 1- (cis)-1,2-
Code Group Ether Trifluoroethane Chloride Dichloroethane Dichloroethene 

Minimum 5.00 0.02 0.03 0.02 3.60 0.15 0.02 0.01 

Combustible Maximum 360.00 110.00 180.00 120.00 59.00 270.00 130.00 93.00 

Median 17.00 0.44 0.50 0.52 17.00 2.70 0.37 0.30 

Minimum 1.30 0.02 0.03 0.02 0.56 0.02 0.04 0.02 

Filter Maximum 245.44 1.60 3.08 5.20 844.03 2.22 2.00 0.76 

Median 17.00 0.20 0.22 0.26 17.00 0.40 0.21 0.16 

Minimum 5.00 0.01 0.03 0.02 5.00 0.02 0.01 0.01 

Graphite Maximum 610.00 2.60 1.60 2.40 51.00 23.00 35.00 1.20 

Median 17.00 0.02 0.04 0.02 17.00 0.07 0.03 0.02 

Minimum 1.30 0.03 0.06 0.10 0.50 0.10 0.02 0.02 

Heterogeneous Maximum 4750.00 384.00 798.33 880.24 3000.00 29668.00 250.00 250.00 

Median 16.26 0.40 0.40 0.40 9.60 0.54 0.40 0.30 

Minimum 1.96 0.01 0.04 0.02 2.40 0.03 0.02 0.01 

Inorganic Maximum 147.84 3.80 2.40 44.00 62.00 56.00 52.00 2.10 
non-metal 

Median 17.00 0.18 0.14 0.17 17.00 0.56 0.26 0.09 

Minimum 1.30 0.20 0.10 0.10 3.15 0.10 0.10 0.06 

Lead/cadmium Maximum 1710.00 90.00 90.00 113.67 1080.00 90.00 90.00 90.00 
metal waste 

Median 8.47 0.47 0.28 0.24 23.83 5.80 0.75 0.24 
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Table C2-3 

WIPP RCRA PART B PERMIT APPLICATION 
DOEJWIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
(Continued) 

Waste Matrix Value Methanol Ethyl 1, 1,2-Trichloro-1,2,2- 1, 1-Dichloroethene Acetone Methylene 1, 1- (cis)-1,2-
Code Group Ether Trifluoroethane Chloride Dichloroethane Dichloroethene 

Minimum 5.00 0.02 0.04 0.02 5.00 0.05 0.01 0.01 

Salt waste Maximum 17.00 1.00 6.70 1.00 37.00 3.30 2.20 0.47 

Median 5.00 0.06 0.06 0.07 5.00 0.25 0.05 0.03 

I So;• I :::::: I : I : I : I : I : I : I : I- I 
Minimum 1.30 0.01 0.01 0.02 0.00 0.02 0.01 0.01 

Solidified Maximum 4900.00 500.00 12000.00 460.00 130.00 440.00 380.00 230.00 
lnorganics 

Median 6.06 0.20 0.46 0.26 5.00 0.36 0.21 0.13 

Minimum 1.90 0.06 0.05 0.05 1.20 0.08 0.02 0.03 

Solidified Maximum 82991.00 4367.90 20000.00 4367.9 52415.00 8080.9 4367.90 4367.90 
Organics 

Median 17.00 2.08 1.85 5.00 17.00 3.38 1.00 1.00 

Minimum 2.70 0.01 0.02 0.02 0.50 0.02 0.01 0.01 

Uncategorized Maximum 30221.00 2400.00 1200.00 1200.00 6000.00 179752.0 1200.00 1200.00 
metal 

Median 17.00 0.39 0.30 0.32 17.00 0.78 0.24 0.24 

I Uoko~o I ::~:: I : I : I : I : I : I : I : I : I 
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Waste Matrix 
Code Group 

Combustible 

Filter 

Graphite 

Heterogeneous 

Inorganic 
non-metal 

Lead/cadmium 
metal waste 

Table C2-3 

WIPP RCRA PART B PERMIT APPLICATION 
DOENVIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
(Continued) 

Value 2-Butanone Chloroform 1, 1, 1- Cyclohexane Carbon Benzene 1,2- 1-Butanol 
Trichlroroethane Tetrachloride Dichloroethane 

Minimum 1.00 0.06 0.05 0.02 0.02 0.04 0.02 1.20 

Maximum 18.00 1100.00 920.00 740.00 25000.00 78.00 110.00 18.00 

Median 17.00 2.80 48.00 0.45 0.83 0.42 0.42 17.00 

Minimum 0.50 0.01 0.03 0.02 0.02 0.01 0.02 0.50 

Maximum 17.00 0.82 120.00 2.69 36.00 6.90 1.50 17.00 

Median 5.58 0.26 0.50 0.27 0.22 0.26 0.21 6.00 

Minimum 5.00 0.01 0.02 0.01 0.02 0.01 0.01 5.00 

Maximum 17.00 1.60 250.00 0.19 1.20 1.50 1.20 17.00 

Median 17.00 0.02 0.10 0.02 0.06 0.02 0.02 17.00 

Minimum 0.50 0.04 0.10 0.03 0.09 0.06 0.03 0.50 

Maximum 2250.00 2074.30 14569.00 1922.1 6912.50 250.00 250.00 2304.0 

Median 4.50 0.40 0.67 1.18 0.55 0.50 0.37 3.85 

Minimum 0.60 0.01 0.09 0.02 0.07 0.01 0.01 0.87 

Maximum 17.00 22.00 320.00 110.00 83.00 2.20 1.70 17.00 

Median 17.00 0.30 9.80 0.14 0.33 0.19 0.10 17.00 

Minimum 0.50 0.10 0.10 0.10 0.10 0.10 0.10 1.10 

Maximum 810.00 90.00 5612.30 90.00 2006.3 90.00 90.00 450.00 

Median 4.67 1.70 0.32 0.29 2.62 2.35 0.86 4.30 
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Table C2-3 

WIPP RCRA PART B PERMIT APPLICATION 
DOE/WIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
(Continued) 

Waste Matrix Value 2-Butanone Chloroform 1, 1, 1- Cyclohexane Carbon Benzene 1,2- 1-Butanol 
Code Group Trichlroroethane Tetrachloride Dichloroethane 

Minimum 5.00 0.01 0.10 0.01 0.07 0.01 0.01 5.00 

Salt Waste Maximum 17.00 2.30 23.00 0.72 50.00 0.58 0.46 17.00 

Median 5.00 0.06 0.39 0.10 0.16 0.09 0.03 5.00 

I··;· 1:::: I: 1- I: I: I: I: I: I: I 
Minimum 0.50 0.01 0.04 0.01 0.01 0.01 0.01 0.50 

Solidified Maximum 130.00 250.00 21000.00 1700.00 43000.00 290.00 230.00 132.00 
inorganic 

Median 5.00 0.13 4.70 0.29 0.28 0.24 0.13 5.00 

Minimum 0.50 0.04 0.12 0.04 0.07 0.10 0.03 0.50 

Solidified Maximum 39311.00 6023.40 85795.00 4367.9 88979.00 4367.90 4367.9 32467.00 
organic 

Median 17 .00 1.35 81 .50 1. 75 1.60 3.00 0.99 17 .00 

Minimum 0.50 0.01 0.05 0.01 0.02 0.01 0.01 0.50 

Uncategorized Maximum 6000.00 1200.0 5400.00 1200.00 1200.00 1200.00 1200.00 14400.00 
metal 

Median 17.00 0.32 12.50 0.31 0.39 0.37 0.24 17.00 

I Uokoowo I ::::: I : I : I : I : I : I : I : I : I 
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Waste Matrix 
Code Group 

Combustible 

Filter 

Graphite 

Heterogeneous 

Inorganic non-
metal 

Lead/cadmium 
metal waste 

Table C2-3 

WIPP RCRA PART B PERMIT APPLICATION 
DOE/\IVIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
(Continued) 

Value Trichlororo- Methyl isobutyl Toluene Tetrachloro- Chlorobenzene Ethyl benzene m,p-Xylene a-Xylene 
ethylene ketone ethene 

Minimum 0.02 1.10 0.18 0.01 0.02 0.02 0.05 0.02 

Maximum 340.00 18.00 130.00 110.00 120.00 130.00 150.00 130.0 

Median 0.61 17.00 4.00 0.33 0.34 0.38 0.55 0.46 

Minimum 0.02 0.10 0.03 0.02 0.02 0.02 0.02 0.02 

Maximum 260.00 17.00 53.00 2.80 1.20 1.00 1.40 1.00 

Median 0.40 4.59 2.77 0.30 0.20 0.20 0.24 0.21 

Minimum 0.01 5.00 0.02 0.01 0.01 0.01 0.01 0.01 

Maximum 3.00 51.00 9.40 1.10 1.40 2.30 7.60 2.50 

Median 0.02 17.00 0.07 0.02 0.02 0.02 0.02 0.02 

Minimum 0.03 0.60 0.13 0.03 0.03 0.03 0.05 0.03 

Maximum 1600.00 2750.00 574.53 250.00 384.00 1996.80 8500.1 2764.00 

Median 0.40 4.40 13.98 0.30 0.40 0.40 0.46 0.60 

Minimum 0.01 1.10 0.06 0.01 0.01 0.01 0.01 0.01 

Maximum 390.00 18.00 45.00 14.00 2.00 2.10 5.10 2.30 

Median 0.24 17.00 2.10 0.09 0.10 0.12 0.13 0.13 

Minimum 0.05 0.60 0.22 0.05 0.06 0.06 0.10 0.10 

Maximum 90.00 990.00 90.00 90.00 90.00 90.00 90.00 180.00 

Median 0.24 2.79 5.62 0.24 0.47 0.29 0.54 0.91 
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Table C2-3 

WIPP RCRA PART 8 PERMIT APPLICATION 
DOEIWIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
{Continued) 

Waste Matrix Value Trichlororo- Methyl isobutyl Toluene Tetrachloro- Chlorobenzene Ethyl benzene m,p-Xylene a-Xylene 
Code Group ethylene ketone ethene 

Minimum 0.01 5.00 0.43 0.01 0.01 0.01 0.01 0.01 

Salt waste Maximum 12.00 17.00 12.00 0.46 0.54 0.57 0.57 0.57 

Median 0.11 5.00 5.00 0.03 0.03 0.04 0.05 0.04 

I so;• I ::::: I : I : I : I : I : I : , _ I : I 
Minimum 0.01 0.60 0.01 0.01 0.01 0.01 0.01 0.01 

Solidified Maximum 230.00 130.00 320.00 220.00 260.00 280.00 386.14 0.280 
inorganics 

Median 0.16 5.00 2.20 0.12 0.18 0.15 0.26 0.20 

Minimum 0.03 0.60 0.43 0.03 0.03 0.03 0.03 0.03 

Solidified Maximum 4367.90 48047.50 6991.60 4367.90 4367.9 4367.90 8626.8 8735.9 
Organics 

Median 20.50 17.00 18.00 1.40 1.20 1.25 1.30 1.45 

Minimum 0.01 0.70 0.02 0.01 0.01 0.01 0.01 0.01 

Uncategorized Maximum 1821.1 8400.00 1494.70 1200.00 2400.00 1200.0 1200.0 1200.00 
metals 

Median 0.40 17.00 5.10 0.24 0.28 0.29 0.32 0.30 

I Uokoowo I :~::: I : I : I : I : I : I : I : I : I 
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Table C2-3 

WIPP RCRA PART B PERMIT APPLICATION 
DOENVIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
(Continued) 

Waste Matrix Code Value Bromoform 1, 1,2,2-Tetra- 1,3,5-Trimethyl- 1,2,4-Trimethyl-
Group chlororethane benzene benzene 

Minimum 0.02 0.02 0.01 0.01 

Combustible Maximum 160.00 140.00 77.00 93.00 

Median 0.40 0.38 0.24 0.26 

Minimum 0.03 0.02 0.01 0.02 

Filter Maximum 1.30 1.10 0.61 1.20 

Median 0.20 0.20 0.13 0.20 

Minimum 0.01 0.01 0.01 0.01 

Graphite Maximum 1.20 1.40 0.95 2.00 

Median 0.02 0.02 0.01 0.02 

Minimum 0.03 0.03 0.02 0.02 

Heterogeneous Maximum 250.00 250.00 250.00 384.00 

Median 0.30 0.30 0.30 0.40 

Minimum 0.01 0.01 0.01 0.01 

Inorganic non-metal Maximum 5.00 2.00 1.40 1.60 

Median 0.09 0.10 0.07 0.08 

Minimum 0.05 0.06 0.04 0.06 

Lead/cadmium metal Maximum 90.00 90.00 90.00 90.00 
waste 

Median 0.24 0.24 0.24 0.47 

Minimum 0.01 0.01 0.01 0.01 

Salt waste Maximum 0.48 0.54 0.38 0.38 
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Table C2-3 

WIPP RCRA PART B PERMIT APPLICATION 
DOE..WIPP 91-005 

Revision 5.2 

Minimum, Maximum, and Median Headspace Concentration Values of Waste Matrix Code Groups 
(Continued) 

Waste Matrix Code Value Bromoform 1,1,2,2-Tetra- 1,3,5-Trimethyl- 1,2,4-Trimethyl-
Group chlororethane benzene benzene 

I I Median I 0.03 I 0.03 I 0.03 I 0.04 I 

lso;• 1:::: I: 1: I: I: I 
Minimum 0.01 0.01 0.01 0.01 

Solidified inorganics Maximum 240.00 270.00 190.00 250.00 

Median 0.13 0.13 0.10 0.18 

Minimum 0.03 0.03 0.02 0.02 

Solidified organics Maximum 4367.90 4367.96 4367.90 4367.90 

Median 1.05 1.20 0.83 0.99 

Minimum 0.01 0.01 0.01 0.01 

Uncategorized metals Maximum 1200.00 1200.00 1200.00 2400.00 

Median 0.23 0.26 0.20 0.23 

I Uokoowo I :::::: I : I : I : I : I 
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Drum# Site 

000365 RFETS 

000371 INEL 

000373 INEL 

000384 RFETS 

000393 INEL 

000401 RFETS 

000403 INEL 

000405 RFETS 

000436 INEL 

000442 INEL 

000446 RFETS 

000478 RFETS 

000501 INEL 

000558 INEL 

000567 RFETS 

000568 RFETS 

000593 INEL 

000613 INEL 

000630 INEL 

000648 RFETS 

000675 RFETS 

000823 RFETS 

000828 INEL 

Waste Matrix 
Code Group -

Uncategorized Metal 

Graphite 

Graphite 

Uncategorized Metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Heterogeneous 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Inorganics 

Graphite 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-Trlfluoro 

ethane 

1,1-Dl
chloro
etbene Code Code Methanol 

217 480 17.00 u 24.00 u 15.00 u 22.00U 

215 300 17.00 u 0.02 u 0.60 J 0.03U 

215 300 17.00 u o.oi u 0.04 J 0.02U 

217 320 5.00 u o.oi u 0.02 J 0.02U 

217 480 17.00 u 0.06 u 0.08 J 0.05U 

222 371 5.00 u 0.03 u 0.04 J 0.03U 

218 440 17.00 u 0.06 u 0.13 J 0.05U 

217 480 8.00 J 1.80 u 1.10 u 1.60U 

212 3 17.00 u 35.00 u 740.00 44.00U 

213 4 3300.0 0.04 u 0.08 u 0.06U 

211 1 5.00 u 0.02 u 0.04 J 0.02U 

211 1 5.00 u 0.02 u 0.05 J 0.02U 

215 300 17.00 u 0.02 u 0.03 J 0.02U 

221 464 17.00 u 0.19 u 0.12 u 0.17U 

222 371 17.00 J 3.20 u 2.00 J 3.00U 

226 432 17.00 u 2.00 u 1.20 u I.SOU 

211 7 17.00 u 0.01 u 0.30 J 0.02U 

215 300 17.00 u 0.06 u 0.04 J 0.05U 

213 4 4300.0 0.05 u 0.10 u 0.07U 

213 4 1700.0 D 0.06 u 0.04 u 0.05U 

218 440 6.20 J 0.30 u 0.19 J 0.27U 

213 4 3700.0 D 0.04 u 0.19 JB 0.04U 

215 300 17.00 u 0.02 u 0.04 J 0.02U 

C2- 18 

Acetone 

32.00 J 

17.00 u 
17.00 u 
5.00U 

17.00U 

8.70 J 

17.00U 

55.00 J 

17.00U 

51.00U 

5.00U 

5.00U 

17.00 u 
17.00 u 
5.00U 

17.00 u 
17.00 u 
17.00 u 
51.00U 

70.00 u 
14.00 J 

120.00 u 
17.00U 

Methylene 
Chloride 

280.00 

0.76J 

0.07 J 

0.05 J 

0.17 J 

0.51 u 
0.33 J 

250.00 

56.00U 

1.90 

0.08J 

0.13 

0.05 J 

0.35 J 

56.00 

1.40U 

0.13 J 

0.04U 

0.23 J 

0.47 D 

0.62 J 

I.SO 

0.05 J 

1,1-Dl
cbloro
ethane 

18.00U 

0.03U 

0.02U 

0.01 u 
0.04U 

0.02U 

0.04U 

l.30U 

42.00U 

0.05U 

0.01 u 
0.01 u 
0.02U 

0.14U 

2.40U 

I.SOU 

0.02U 

0.04U 

0.07U 

0.04U 

0.22U 

0.03U 

0.02U 

cls-1,2-
Dlcbloro
etbene 

11.00U 

0.03U 

0.02U 

0.01 u 
0.03U 

0.01 u 
0.03U 

0.81 u 
40.00U 

0.05U 

0.01 u, 
0.01 u 
0.02U 

0.09U 

I.SOU 

0.90U 

0.02U 

0.03U 

0.06U 

0.03 u 
0.14 u 
o.ozu 
0.02U 



Drum# Site 

001016 INEL 

001024 INEL 

001084 INEL 

001139 INEL 

001157 INEL 

001161 INEL 

001258 RFETS 

001370 INEL 

001377 INEL 

001410 INEL 

001437 RFETS 

001475 RFETS 

001493 .RFETS 

001619 INEL 

001625 INEL 

001633 INEL 

001655 INEL 

001662 INEL 

001663 RFETS 

001667 INEL 

001670 RFETS 

001677 INEL 

001678 RFETS 

Waste Matrix 
Code Group -

Graphite 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Graphite 

Solidified lnorganics 

Combustible 

Combustible 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Solidified Organics 

Graphite 

Salt Waste 

Heterogeneous 

Combustible 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1, 1, 2-Trlchloro- 1, 1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-Trlfluoro chloro-

Code Code Methanol ethane ethene 

215 300 17.00 u 0.02 u 0.03 l 0.02U 

215 300 24.00 l 0.02 u 0.03 l 0.02U 

213 4 17.00 u 0.02 u 0.13 JD 0.02U 

211 7 17.00 u 0.13 u 0.31 l 0.161 

223 339 17.00 u 0.06 u 0.04 l 0.05U 

215 300 17.00 u 0.02 u 0.03 u 0.03U 

211 I 5.00 u 0.02 u 0.16 0.02U 

223 339 17.00 u 0.11 u 0.77 l 0.12U 

223 339 17.00 u 0.06 u 0.08 l 0.05U 

214 292 17.00 u 0.24 u 0.15 u 0.22U 

211 7 5.00 u 0.02 u 0.03 l 0.041 

211 I 5.00 u 0.39 u 23.00 D 0.36U 

211 I 5.00 u 0.02 u 0.15 0.02U 

215 300 17.00 u 0.06 u 0.06 l 0.05U 

215 300 17.00 u 0.01 u 0.04 J 0.02U 

226 432 17.00 u 1.40 u 0.89 u 1.30U 

223 339 17.00 u 3.80 u 2.40 u 3.40U 

215 300 17.00 u 0.01 u 0.06 J 0.02U 

226 432 17.00 u 0.84 u 0.53 u 0.77U 

215 300 17.00 u 0.01 u 0.06 J 0.02U 

224 411 5.00 u 0.07 u 0.06 J 0.07U 

221 302 17.00 u 0.38 u 0.70U 0.50J 

223 339 5.00 u 0.20 u 0.28 J 0.18 u 

~19 

Acetone 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00U 

17.00 u 

5.00U 

17.00 u 

17.00 u 

17.00 u 

7.201 

5.00U 

5.00U 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

5.00U 

17.00 u 

18.00 J 

Methylene 
Chloride 

0.051 

0.07 l 

0.191 

0.21 u 

1.60 

0.05 l 

0.091 

2.00 

4.10 

0.191 

0.45 

0.21 u 

0.08 l 

0.05 J 

0.08J 

0.98U 

3.00J 

0.041 

140.00 

0.08 J 

0.85 

0.74 J 

7.40 

1,1-Dl
chloro
ethane 

0.02U 

0.02U 

0.02U 

0.191 

0.o7 l 

0.03U 

O.OIU 

0.13U 

0.02U 

0.18U 

0.021 

0.29U 

0.01 u 

0.04U 

0.02U 

l.OOU 

0.02U 

0.02U 

0.63U 

0.02U 

0.06U 

0.46U 

1.20 

cls-1,2-
Dlchloro
ethene 

0.02U 

0.02U 

0.02U 

0.15 u 

0.03U 

0.02U 

0.01 u 

0.09U 

0.041 

0.11 u 

0.01 u 

0.18 u 

0.01 u 

0.03U 

o.oiu 

0.89J 

1.70U 

0.02U 

0.39U 

0.02U 

0.03U 

0.58 J 

0.09U 

i 



Drum# Site 

001689 INEL 

001692 RFETS 

001695 INEL 

001697 INEL 

001751 RFETS 

001752 INEL 

001754 INEL 

001757 INEL 

001773 INEL 

001779 INEL 

001784 INEL 

001813 INEL 

001873 INEL 

001899 RFETS 

001900 INEL 

001919 RFETS 

001937 RFETS 

002013 RFETS 

002046 INEL 

002065 INEL 

002084 INEL 

002220 RFETS 

002222 INEL 

Waste Matrix 
Code Group -

Heterogeneous 

Solidified Organics 

Combustible 

Graphite 

Uncategorized Metal 

Graphite 

Uncategorized Metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified Inorganics 

Uncategorized Metal 

Graphite 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

221 302 17.00 u 0.o7 u 0.061 0.07U 

226 432 17.00 u 0.51 u 0.32 u 0.46U 

223 339 17.00 u 3.20 u 2.00 u 3.00U 

215 300 17.00 u 0.01 u 0.05 1 0.02U 

217 320 5.00 u 0.02 u 0.03 1 0.02U 

215 300 17.00 u 0.01 u 0.04 1 0.02U 

217 320 11.00 u 0.37 u 0.15 1 0.20U 

222 371 17.00 u 0.06 u 0.o7 JB 0.05U 

215 300 17.00 u 0.01 u 0.041 0.02U 

215 300 17.00 u 0.01 u 0.041 0.02U 

223 339 17.00 u 0.06 u 0.07 1 0.05U 

213 4 17.00 u 4.60 u 8.60 JB 5.90U 

214 292 17.00 u 0.07 u 0.05 1 0.06U 

211 3 92.00 1 260.00 u 3300.0 B 240.00U 

214 292 17.00 u 0.07 u 0.o7 1 0.081 

217 320 5.00 u 0.02 u 0.03 1 O.o2U 

212 3 74.00 1 31.00 u 31.00 JB 29.00U 

212 3 68.00 1 22.00 u 17.00 JB 20.00U 

212 3 17.00 u 29.00 u 140.00 37.00U 

214 292 5.00 u 0.21 u 0.13 u 0.19U 

213 4 1900.0 0.03 u 0.11 1 0.04 u 

217 481 5.00 u 0.06 u 0.04 u 0.05 u 

215 300 79.00 J 0.02 u 0.06 1 0.02U 

C2- 20 

Acetone 

17.00 u 

17.00 u 

2.40U 

17.00U 

5.00U 

17.00 u 

17.00U 

17.00U 

17.00 u 

17.00U 

17.00 u 

17.00 u 

17.00 u 

5.701 

17.00U 

5.00U 

6.901 

5.00U 

17.00 u 

5.00U 

0.00 

5.00U 

17.00U 

Methylene 
Chloride 

0.68 

0.35 u 

4.801 

0.o71 

0.091 

0.081 

l.70 B 

0.191 

0.101 

0.041 

l.10 

7.40U 

0.05U 

230.00U 

0.051 

0.20 

27.00U 

20.00U 

46.00U 

0.18U 

0.47 1 

0.98 

0.o71 

1,1-Dl
chloro
ethane 

0.06U 

0.38U 

0.03U 

0.02U 

0.01 u 

0.02U 

5.60U 

0.04U 

35.00U 

0.04U 

0.02U 

0.30J 

0.05U 

200.00U 

0.05U 

0.01 u 

24.00U 

17.00U 

1.30 

0.16U 

7.60U 

I.JO 

0.07U 

cls-1,2-
Dlchloro
ethene 

0.03 u 

0.23 u 

1.50U 

0.02U 

0.01 u 

0.02U 

0.04U 

0.03 u 

0.02U 

0.02U 

0.03 U1 

5.40U 

0.03 u 

120.00 

0.03 u 

0.01 u 

14.00U 

10.00U 

34.00 u 

O.lOU 

0.03 u 

0.03 u 

0.02U 



Drum# Site 

002338 RFETS 

002354 INEL 

002363 INEL 

002365 INEL 

002542 INEL 

002678 RFETS 

002791 INEL 

002797 RFETS 

002814 RFETS 

003017 INEL 

003088 INEL 

003091 RFETS 

003111 INEL 

003121 RFETS 

003129 RFETS 

003130 RFETS 

00)173 RFETS 

003181 RFETS 

003189 INEL 

003192 RFETS 

003215 RFETS 

003277 RFETS 

003394 RFETS 

Waste Matrix 
Code Group -

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC Ethyl 
Ether 

1,1,2-Trkhloro-
1,2.2-Trlfluoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

222 371 17.00 u 1.60 u 1.00 u l.40U 

223 339 17.00 u 0.06 u 0.09 u 0.o7U 

222 371 17.00 u 0.06 u 0.0918 0.05U 

217 480 17.00 u 0.14 u 0.09U 0.13U 

212 3 17.00 u 6.30 u 47.00 7.90U 

226 432 17.00 u I.BOU 1.10 u l.60U 

222 371 17.00 u 0.09 u 0.11 1 0.09U 

226 432 17.00 u 0.90 u 0.51 u 0.82U 

211 7 5.00 u 0.41 u 31.00 0.521 

211 1 5.00 u 0.10 u 0.06 u 0.09U 

222 371 17.00 u 0.06 u 0.08 1 0.05U 

222 371 64.00 1 0.06 u 0.07 1 0.05U 

222 371 17.00 u 0.06 u 0.10 1 0.05U 

211 7 5.00 u 0.28 u 17.00 D 0.25U 

211 7 5.00 u 0.04 u 2.40 0.061 

211 7 5.00 u 0.08 u 5.00 D 0.0910 

211 7 5.00 u 0.03 u 1.00 0.031 

211 7 5.00 u 0.03 u 0.23 0.03U 

212 3 17.00 u 64.00 u 1800.0 81.00U 

211 7 5.00 u 0.46 u 20.00 0.77 J 

211 7 5.00 u 0.03 u l.60 0.081 

211 I 5.00 u 0.02 u 0.04 J 0.02U 

211 7 5.00 u 0.06 u 0.091 0.071 

: I 

Acetone 

17.00U 

17.00U 

17.00 u 
17.00U 

17.00U 

17.00 u 

17.00 u 

17.00U 

5.00U 

5.00U 

17.00 u 
17.00 u 
15.00 u 

5.00U 

5.00U 

5.00U 

5.00U 

5.00U 

17.00 u 

7.10 J 

5.00U 

5.00l' 

s.oou 

Methylene 
Chloride 

I.IOU 

4.20 

0.321 

6.20 

IO.OOU 

I.JOU 

0.64 

0.63U 

0.36U 

1.00 

0.56 

0.141 

0.46 

0.24U 

0.101 

0.13 JD 

0.121 

0.051 

100.00U 

7.20 

0.12J 

0.08 J 

0.261 

1,1-Dl
chloro
ethane 

l.20U 

0.04U 

0.04U 

0.04U 

77.00U 

l.40U 

36.00U 

0.67U 

0.31 u 

0.08U 

0.041 

0.04U 

0.251 

0.21 u 

0.03U 

0.06U 

0.03U 

0.02U 

0.02U 

0.35U 

0.02U 

0.01 u 

0.04U 

cls-1,2-
Dkhloro
ethene 

0.72U 

0.05U 

0.03U 

0.06U 

7.30U 

0.82U 

0.04U 

0.41 u 

0.19U 

0.05U 

0.03U 

0.03 u 

0.03 u 
0.13 u 

0.02U 

0.04U 

0.02U 

0.01 u 

74.00U 

0.21 u 
0.01 u 

0.01 u 
0.03 u 



Drum# Site 

003406 RFEfS 

003455 RFEfS 

003547 RFEfS 

003577 RFEfS 

003854 INEL 

003890 INEL 

003921 JNEL 

003991 JNEL 

003997 JNEL 

004099 INEL 

004111 RFEfS 

004112 INEL 

004123 INEL 

004125 INEL 

004150 INEL 

004160 JNEL 

004166 INEL 

004186 INEL 

004195 RFEfS 

004196 INEL 

004206 JNEL 

004208 INEL 

004283 INEL 

Waste Matrix 
Code Group -

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Combustible 

Solidified lnorganics 

Salt Waste 

Graphite 

Combustible 

Uncategorized Metal 

Graphite 

Combustible 

Inorganic Non-metal 

Combustible 

Salt Waste 

Graphite 

Combustible 

Graphite 

Solidified lnorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

211 7 5.00 u 0.02 u 1.00 0.021 

211 3 190.00 500.00 u 12000 B 460.00U 

211 7 5.00 u 0.18 u 0.51 1 0.17U 

211 I 5.00 u 0.02 u 0.041 0.02U 

212 3 17.00 u 29.00 u 400.00 37.00 u 

111 7 5.00 u 0.06 u 0.13 1 0.05 u 

111 7 5.00 u O.o7 U 0.17 1 0.06U 

223 339 17.00 u 0.02 u 0.03 u 0.02U 

223 339 15.00 u 0.04 u 0.06 u 0.04U 

211 I 5.00 u 0.03 u 0.041 0.03U 

224 411 5.00 u 0.06 u 0.04 u 0.05U 

215 300 17.00 u 0.02 u 0.04 J 0.02U 

223 339 17.00 u 0.02 u 0.03 u 0.02U 

217 480 17.00 u 0.06 u 0.04 u 0.05U 

215 300 17.00 u 0.01 u 0.05 1 0.02U 

223 339 110.00 110.00 u 180.00 120.00U 

222 371 40.00 1 0.06 u 0.091 0.05U 

223 339 17.00 u 0.02 u 0.16 1 0.02U 

224 411 5.00 u 0.02 u 0.03 J 0.02U 

215 300 17.00 u 0.02 u 0.04 J 0.02 u 

223 339 15.00 u 0.02 u 0.03 J 0.02U 

215 300 17.00 u 0.02 u 0.03 u 0.02 u 

211 I 17.00 u 0.01 u 4.40 0.02 u 

C2- 22 

Acetone 

5.00U 

10.001 

5.00U 

5.00U 

17.00 u 

5.00U 

5.00U 

17.00U 

17.00U 

5.00U 

5.00U 

17.00 u 

17.00 u 

17.00U 

15.00U 

17.00 u 

17.00U 

17.00 u 

5.00U 

17.00U 

17.00U 

51.00 u 

22.00 J 

Methylene 
Chloride 

0.061 

440.00U 

0.16U 

0.071 

47.00U 

0.111 

0.141 

1.30 

5.00 

0.06 J 

0.251 

0.091 

3.00 

0.371 

0.06] 

100.00 u 

0.23 J 

1.20 

0.11 

0.29 J 

2.70 

0.051 

2.70 

1,1-Dl
chloro
ethane 

O.OIU 

380.00U 

0.14U 

0.02U 

0.041 

0.04U 

0.05U 

0.02U 

130.00U 

0.02U 

0.04U 

0.04J 

0.02U 

0.04U 

0.lOJ 

0.02U 

0.04U 

0.02U 

0.01 u 

0.02U 

0.02U 

0.03U 

0.50J 

cls-1,2-
Dlchloro
ethene 

0.01 u 

230.00U 

0.08U 

0.01 u 

34.00U 

0.03 u 

0.03U 

0.02U 

0.03 u 

0.01 u 

0.03 u 

0.02U 

0.02U 

0.03 u 

0.02U 

93.00U 

0.03U 

0.02U 

0.01 u 

0.02U 

0.01 u 

0.02U 

0.02 u 



Drum# Site 

004326 INEL 

004393 INEL 

004410 INEL 

004495 INEL 

004516 INEL 

004884 INEL 

004963 INEL 

004968 RFETS 

004981 RFETS 

004988 RFETS 

005006 RFETS 

005012 INEL 

005015 INEL 

005235 INEL 

005262 INEL 

005358 INEL 

005398 INEL 

005415 INEL 

005530 INEL 

005535 INEL 

005735 INEL 

005738 INEL 

006242 INEL 

W•ste M•trlx 
Code Group -

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Uncategorized Metal 

Uncategorized Metal 

Salt Waste 

Salt Waste 

Combustible 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, l ,2-Trlchloro-
1,2,2-Trlftuoro 

ethane 

1,1-Dl
chloro
ethene Code Code MethHol 

213 4 1100.0 0.01 u 0.11 J 0.02U 

211 1 5.00 u 0.03 u 0.06 J 0.03U 

211 1 5.00 u 0.06 u 0.10 1 0.05U 

213 4 17.00 u 0.01 u 0.08 1 0.02U 

211 I 5.00 u 0.06 u 0.05 1 0.05U 

213 4 4000.0 0.02 u 0.04 u 0.03U 

223 339 31.00 J 0.06 u 0.15 1 0.o7U 

217 320 5.00 u 1.10 u 1.001 l.OOU 

217 320 5.00 u 0.02 u 0.19 0.02U 

224 411 S.00 U 0.06 u 0.04 u 0.05U 

224 411 5.00 u 0.06 u 0.041 0.05U 

223 339 17.00 u 0.01 u 0.11 J 0.02U 

226 432 17.00 u 2.80 u 1.80 u 2.60U 

226 432 17.00 u 0.06 u 0.09IB o.osu 
212 3 80.00 J 180.00 u 6400.0 B 230.00U 

211 I 17.00 u 0.01 u 0.201 0.02U 

211 l 5.00 u 0.06 u 18.00 E 0.101 

211 I 5.00 u 0.06 u 0.04 J 0.05U 

215 303 17.00 u 0.02 u 0.06 J 0.02U 

226 432 17.00 u 0.11 u 0.07 1 0.IOU 

211 7 5.00 u 0.06 u 2.20 0.05U 

211 7 5.00 u 0.04 u 0.40 0.04U 

222 371 17.00 u 0.06 u 0.08 J 0.05U 

r .,3 

Acetone 

17.00U 

5.00U 

5.00U 

17.00 u 

5.00U 

17.00U 

17.00 u 

12.001 

s.oou 
s.oou 

5.00U 

17.00U 

17.00U 

17.00 u 

17.00 u 

17.00 u 

5.00U 

5.00U 

33.001 

17.00U 

S.00 U 

5.00U 

17.00 u 

Methylene 
Chloride 

0.32J 

0.62 

0.121 

0.13 J 

0.121 

1.30 

4.10 

0.96U 

0.o71 

0.36 

0.41 

0.611 

38.00 

0.08U 

290.00U 

0.141 

0.05U 

0.061 

0.201 

o.o8m 

0.06J 

0.05 J 

0.37 

1,1-Dl
chloro
ethHe 

0.02U 

0.03U 

0.04U 

220.00U 

0.04U 

0.02U 

0.02U 

0.82U 

O.OlU 

0.04U 

0.04U 

0.04U 

2.IOU 

0.04U 

0.101 

0.051 

0.04U 

0.04U 

3.00U 

0.08U 

0.04U 

0.03U 

2.40U 

cls-1,2-
Dlchloro
ethene 

0.02U 

0.02U 

0.03U 

0.02U 

0.03U 

0.03U 

0.05U 

0.51 u 

0.01 u 

0.03U 

0.03U 

0.02U 

I.JOU 

0.03U 

210.00U 

0.02U 

0.03U 

0.03U 

0.02U 

0.05 u 

0.03 u 

0.02U 

0.03 u 



Drum# Site 

006252 RFETS 

006325 RFETS 

006669 INEL 

006773 RFETS 

006857 INEL 

006865 RFETS 

006876 INEL 

006879 INEL 

006886 INEL 

007034 INEL 

007146 INEL 

007170 INEL 

007231 INEL 

007511 INEL 

007518 INEL 

007667 INEL 

007920 INEL 

008203 INEL 

008207 INEL 

008218 INEL 

008269 INEL 

008287 INEL 

008359 lNEL 

Waste Matrix 
Code Group 

Lead/Cadmium Metal Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Combustible 

Solidified Organics 

Filter 

Solidified Organics 

Solidified Organics 

Combustible 

Inorganic Non-metal 

Combustible 

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Filter 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Inorganic Non-metal 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, 1,2-Trlchloro-
1,2,2-Trlftuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

123 339 5.00 u 7.40 u 4.70 u 6.80U 

213 4 2700.0 D 0.02 u o.o4 m 0.02U 

214 292 5.00 u 0.28 u 0.18 u 0.26U 

213 4 2800.0 D 0.21 u 0.44IB 13.00 

223 339 17.00 u 0.02 u 0.041 0.02U 

226 432 5.00 U 0.15 u 0.36 1 0.14U 

219 335 17.00 u 0.02 u 0.03 u 0.02 u 

226 432 17.00 u 0.19 u 0.12 u 0.17U 

226 432 17.00 u 0.62 u 0.39 u 0.57U 

216 337 15.00 u 4.00 u 2.50 u 3.60U 

222 371 17.00 u 3.20 u 2.00 u 3.10 

216 337 18.00 u 0.31 u 0.49 u 0.35 u 

219 338 17.00 u 0.14 u 0.22 u 0.16U 

122 374 17.00 u 0.07 u 0.10 1 0.06U 

122 374 17.00 u 0.11 u 0.o7 1 O.lOU 

124 411 5.00 u 0.02 u 0.04 1 0.02U 

121 302 17.00 u 0.45 u 0.28 u 0.41 u 

118 440 17.00 u 0.11 u 0.08 1 O.lOU 

116 336 17.00 u 0.14 u 0.09 u 0.13 u 
116 330 17.00 u 0.14 u 0.10 1 0.13 u 
117 320 17.00 u 0.36 u 0.23 u 0.34U 

122 374 17.00 u 0.06 u 0.06 1 0.05 u 

116 330 33.00 1 0.36 u 0.23 u 0.34U 

C2- 24 

Acetone 

16.001 

100.00U 

5.00U 

120.00 u 

18.00U 

5.00U 

17.00U 

17.00U 

17.00U 

17.00U 

17.00U 

39.001 

17.00U 

17.00U 

27.001 

5.00U 

17.00 u 

17.00U 

36.00 1 

36.001 

17.00 u 
17.00 Li 

33.001 

Methylene 
Chloride 

6.50U 

0.22 

0.24U 

1.80 

1.10 

0.13 u 

0.78 J 

0.13 u 

0.43U 

2.80U 

2.20U 

0.321 

0.221 

0.211 

0.93 

0.051 

0.39U 

0.161 

7.401 

6.40 

0.32U 

0.131 

6.80 

1,1-Dl
chloro
ethane 

5.60U 

0.02U 

0.21 u 

14.00 

12.00 

0.11 u 

0.17U 

O.l4U 

0.46U 

0.20U 

0.02U 

4.60 

0.011 

0.05U 

0.08U 

0.01 u 

0.34U 

0.08U 

l.OOU 

0.77J 

0.27U 

0.04U 

0.821 

cls-1,2-
Dlcbloro
etbene 

3.40U 

0.01 u 

0.13 u 

O.IOU 

0.021 

0.07U 

0.02U 

0.09U 

0.971 

2.60 

1.90 I 

0.26U 

0.12U 

0.03U 

0.05 u 

0.01 u 

0.21 u 

0.05 u 

0.081 

0.06U 

0.17U 

0.03 u 

0.17U 



Drum# Site 

008383 INEL 

008848 INEL 

008859 INEL 

008860 INEL 

008864 INEL 

008872 lNEL 

008874 RFETS 

008878 INEL 

008880 RFETS 

009006 lNEL 

009011 RFETS 

009061 RFETS 

009180 iNEL 

009225 INEL 

009252 INEL 

009296 INEL 

009299 INEL 

009399 lNEL 

009422 RFETS 

009423 INEL 

009435 INEL 

009449 INEL 

009471 INEL 

Waste Matrix 
Code Group -

Lead/Cadmium Metal Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified lnorganics 

Uncategorized Metal 

Uncategorized Metal 

Graphite 

Solidified Inorganics 

Solidified lnorganics 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-TrlOuoro chloro-

Code Code Methanol ethane ethene 
123 339 13.00 J 9.90 u 6.30 J 13.00J 

218 440 120.00 0.16 u 0.30U 0.28J 

218 440 17.00 u 0.84 u 0.53 u 0.77U 

217 480 17.00 u 2.10 u l.40 u 2.00U 

217 480 17.00 u 0.19 u 0.12 u O.l7U 

214 292 5.00 U 0.07 u 0.05 u 0.07U 

217 480 5.00 U 66.00 u 42.00 u 61.00U 

217 480 17.00 u 9.00 u 5.70 u 8.30U 

115 312 5.00 U 2.60 u l.60 J 2.40U 

211 7 17.00 u 0.02 u 18.00 E 0.051 

211 7 5.00 U 0.02 u 0.58 0.04J 

218 440 5.00 U 0.18 u 0.13 1 O.l7U 

223 339 17.00 l' 0.71 u 10.00 l.00 

217 481 17.00 u 0.06 u 0.13 J 0.05U 

223 339 17.00 u 40.00 u 25.00 u 36.00U 

223 339 17.00 u 5.60 U 3.60U 5.20U 

223 339 17.00 u 0.02 u 0.03 u 0.02U 

218 440 17.00 u 0.73 u 0.46 u 0.67U 

216 337 5.00 U 10.00 u 6.60 u 9.60U 

216 337 17.00 u l.40 u 2.70 u 7.30 

216 337 39.00 J 0.73 u 0.46 u 0.67U 

218 440 17.00 u 0.08 u 0.15 J 0.07U 

216 337 18.00 u 0.07 u O.ll U 0.08U 

c 

Acetone 

5.00U 

17.00U 

17.00 u 
17.00U 

17.00 u 

5.00U 

14.00 J 

17.00 u 
8.40 J 

18.00 u 
5.00U 

5.00U 

17.00U 

18.00 u 
17.00U 

17.00 u 
22.001 

17.00 u 
5.00U 

17.00 u 
17.00U 

17.00 u 

18.00U 

Methylene 
Chloride 

8.60U 

2.60 

0.59U 

15.00 

0.21 J 

0.07U 

58.00U 

6.30U 

23.00 

0.02U 

0.33 

l.10 

14.00 

0.07U 

270.00 

3.90U 

l.90 

0.61 J 

150.00 D 

l l.00 

0.51 u 

0.31 J 

0.23 J 

1,1-Dl
chloro
ethane 

7.40U 

16.00 

0.55U 

l.60U 

O.l4U 

0.06U 

50.00U 

6.70U 

l.90U 

0.09U 

0.02U 

O.l4U 

0.70U 

0.22U 

I l.00 

0.02U 

6.10 

0.55U 

7.80U 

I.IOU 

0.32U 

0.85J 

0.16U 

cls-1,2-
Dkhloro
ethene 

4.60U 

0.19U 

0.39U 

0.98U 

0.09U 

0.03U 

30.00U 

4.lOU 

l.20U 

0.02U 

0.01 

0.08U 

0.59U 

0.03 u 

18.00U 

2.60U 

0.02U 

0.34U 

4.BOU 

l.70U 

0.34U 

0.04U 

0.06U 



Drum# Site 

009475 INEL 

009489 INEL 

009587 INEL 

009591 INEL 

009592 INEL 

009596 INEL 

009599 INEL 

009602 INEL 

009694 INEL 

009735 INEL 

009773 INEL 

009787 RFETS 

009873 RFETS 

010216 INEL 

010224 INEL 

010230 lNEL 

010273 INEL 

010295 lNEL 

010305 RFETS 

010364 RFETS 

010371 INEL 

010407 RFETS 

010411 INEL 

Waste Matrix 
Code Croup . 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified Organics 

Solidified lnorganics 

Filter 

Filter 

Heterogeneous 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC Ethyl 
Ether 

l,1,2-Trlchloro-
1,2,2-Trlfluoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

218 442 17.00 u 0.58 u 1.10 u 0.73 u 

216 337 18.00 u 0.18 u 0.29 u 0.21 u 

117 320 5.00 U 0.02 u 0.041 0.02U 

118 440 17.00 u O.o7 U 0.06 1 0.06U 

118 440 17.00 u 0.14 u 0.09 u 0.13 u 

117 320 17.00 u 0.26 u 0.16 u 0.23 u 

118 440 17.00 u 0.06 u 0.08 1 0.05U 

218 442 17.00 u 3.80 u 2.40 u 3.50U 

215 300 17.00 u 0.01 u 0.041 0.02U 

215 300 17.00 u 0.01 u 0.05 1 0.02U 

223 339 17.00 u 4.40 u 8.10 u 5.50U 

212 3 8.90 1 350.00 u 20000 320.00U 

211 1 5.00 U 0.09 u 0.10 1 0.141 

219 338 17.00 u 0.89 u 1.40 u 5.20 

219 338 17.00 u 0.27 u 0.42 u 0.30U 

216 330 17.00 u 0.14 u 0.22 u 3.60 

216 337 18.00 u 0.13 u 0.20 u 0.181 

218 442 17.00 u 0.11 u 0.14 1 0.lOU 

218 442 91.00 1 1.30 u 0.84 u l.20U 

216 337 5.00 u 1.70 u 1.10 u I.SOU 

216 337 6.60 u 0.27 u 63.00 E I. 70 

217 480 5.00 U 0.23 u 1.30 1 0.21 u 

216 337 16000 3.80 u 2.40 u 3.40U 

Cl- 26 

Acetone 
17.00 u 

3.601 

5.00U 

17.00 u 

17.00U 

17.00 u 

17.00U 

17.00 u 

17.00U 

17.00U 

17.00U 

5.00U 

5.00U 

17.00 u 

17.00U 

18.00U 

18.00 u 

17.00 u 

5.00U 

5.00 U 

17.00 u 

13.001 

15.00U 

Methylene 
Chloride 

4.90 

3.30 

0.081 

0.131 

0.161 

0.22U 

0.211 

54.00 

0.091 

0.051 

29.00 

300.00U 

0.431 

0.83 u 
0.441 

0.751 

l.30 

3.00 

l.20U 

2.801 

8.50 

0.561 

2.60U 

1,1-Dl
chloro
ethane 

0.121 

0.521 

0.01 u 

0.05U 

O.lOU 

O.l9U 

0.04U 

2.SOU 

0.04U 

0.02U 

0.141 

260.00U 

0.07U 

0.82U 

0.161 

0.55U 

0.44U 

0.15U 

0.99U 

l.30U 

0.37U 

0.17U 

0.42U 

cls-1,2-
Dlchloro
ethene 

0.67U 

0.15 u 

0.01 u 

0.03 u 

0.06U 

0.12U 

0.03 u 

l.70U 

0.02U 

0.02U 

5.10 Ui 

160.00 u 

0.04U 

0.74U 

0.22U 

2.30 

0.11 u 

0.05U 

0.61 u 

0.77U 

0.39U 

0.11 u 

l.70U 



Drum# Site 

010415 INEL 

010426 INEL 

010463 INEL 

010487 INEL 

010492 INEL 

010498 INEL 

010510 RFETS 

010546 RFETS 

010578 INEL 

010588 RFETS 

010663 INEL 

010676 INEL 

010800 INEL 

010807 INEL 

010808 INEL 

010814 RFETS 

010837 INEL 

010848 INEL 

010883 INEL 

010921 INEL 

011004 INEL 

011021 INEL 

011042 INEL 

W•ste Matrix 
Code Croup -

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Salt Waste 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified lnorganics 

Combustible 

Heterogeneous 

Filter 

Combustible 

Combustible 

Solidified lnorganics 

Solidified Organics 

Filter 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Inorganic Non-metal 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

1,1,2-Trkhloro- l,1-Dl-
TruCoo IDC Ethyl 

Ether 
1,2,2-Trlftuoro chloro-

Code Code Methanol ethaoe etheoe 

218 442 17.00 u 0.06 u 0.061 0.05U 

218 442 17.00 u 0.01 u 0.11 1 0.051 

213 4 860.00 u 0.56 U 0.36 u l.SOl 

224 414 17.00 u 1.00 u 6.70 0.94U 

217 480 17.00 u l.10 u 0.70 u l.OOU 

217 480 17.00 u 0.04 u 0.11 J 0.061 

216 336 S.00 U 3.20 u 2.00 u 3.00U 

216 330 10.00 u 88.00 u 300.001 81.00U 

226 432 17.00 u l.90 u 5.001 I.SOU 

211 2 S.00 U 1.60 u 1.00 u I.SOU 

216 337 18.00 u 0.46 u 0.72 u O.S2U 

216 330 18.00 u 0.37 u 0.57 U l.40 

219 338 17.00 u 0.12 u 0.19 u 0.201 

216 337 17.00 u 2.50 U 1.60 u 2.30U 

216 337 17.00 u 0.30 u 0.56 U 0.38U 

211 I 5.00 U 0.67 u 0.42 u 0.61 u 

226 432 17.00 u 0.84 u 0.53 U 0.77U 

219 338 15.00 U 0.35 U 0.54 U 0.39U 

226 432 17.00 u 2.20 u 1.40 u 2.00U 

222 371 17.00 u 0.19 u 0.12 u 17.00 

217 480 17.00 u 0.06 u 0.061 0.05U 

226 432 17.00 u 0.34 u 0.21 u 0.781 

218 442 17.00 u 1.20 u 0.75 U 1.40 

t q 

Acetone 

17.00 u 
17.00U 

34.00U 

37.001 

94.00U 

17.00 u 
9.601 

270.00 

17.00 u 

5.00U 

18.00 u 
17.00 u 

17.00 u 

17.00 u 

18.00U 

5.00U 

17.00 u 
17.00 u 

17.00 u 
18.00 u 

17.00 u 

17.00 lJ 

17.00 u 

Methylene 
Chloride 

0.04U 

3.30 

0.39U 

3.301 

0.77 

2.30 

2.SOU 

3000.0 

l.30U 

l.40U 

0.43 u 
0.34U 

O.l2U 

l.70U 

0.49U 

0.58U 

0.59U 

0.531 

I.SOU 

0.13 u 

0.091 

0.24U 

16.00 

1,1-Dl
chloro
eth•ne 

0.14U 

2.50 

l.401 

2.201 

2.00 

l.20 

2.40U 

66.00U 

l.40U 

1.20U 

O.S5U 

1.60 

O.o71 

I.JOU 

I.SOU 

0.50U 

0.63U 

0.59U 

1.60U 

0.66U 

0.04U 

2.20 

2.80U 

cls-1,2-
Dkhloro
ethene 

0.03U 

0.02U 

0.26U 

0.47U 

0.50U 

0.04U 

I.SOU 

40.00U 

0.88U 

0.76U 

0.38U I 

0.31 u 

0.151 

l.20U 

0.561 

0.31 u 

0.39U 

0.29U 

l.OOU 

0.09U 

0.03U 

0.16U 

O.S4V 



Drum# Site 

011044 INEL 

011067 RFETS 

011102 RFETS 

011109 INEL 

011147 INEL 

011173 INEL 

011194 INEL 

011393 INEL 

011416 INEL 

011433 INEL 

011498 RFETS 

011529 INEL 

011601 lNEL 

011607 INEL 

011637 RFETS 

011735 INEL 

011749 INEL 

011785 RFETS 

012021 INEL 

012108 INEL 

012111 INEL 

012215 INEL 

012313 INEL 

Waste Matrix 
Code Group -

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Uncategorized Metal 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, l,2-Trlchloro-
1,2,2-Trlftuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

218 440 17.00 u 0.67 u 0.43 u 0.62U 

213 4 610.00 2.20 u 1.40 u 5.501 

211 I 5.00 u 0.53 u 0.34 u 1.201 

211 I 17.00 u 0.17 u 1.20 3.40 

213 4 4900.0 0.20 u 0.37 u 1.00 

217 480 17.00 u 0.05 u 0.16 1 0.06U 

218 442 83.00 J 0.14 u 0.09 u 0.13 u 

217 480 59.00 1 0.28 u 0.18 u 0.26U 

216 337 17.00 u 1.20 u 0.78 u I.IOU 

216 330 18.00 u 0.46 u 0.72 u 2.70 

226 432 17.00 u 3.20 u 2.00U 3.00U 

217 480 17.00 u 0.06 u 0.04 u 0.05 u 

216 336 17.00 u l.10 u 1.70 u 1.20U 

216 330 17.00 u 0.03 u 0.30 1 0.051 

219 338 8.40 J 1.60 u 1.00 u I.SOU 

216 330 17.00 u l.70 u l.10 u 1.60 u 

225 441 100.00 0.48 u 0.30 u 0.44 u 

211 l 5.00 u 0.06 u 0.061 0.05 u 

211 I 17.00 u 0.73 u 0.46 u 0.81 J 

214 292 17.00 u 0.73 u 0.46 u 0.67U 

216 337 18.00 u 1.50 u 2.30 u 1.80 

217 480 17.00 u 0.79 u 0.50 u 0.72 u 

216 336 18.00 u 0.55 u 0.86 u 0.62U 

C2- 28 

Acetone 

17.00U 

25.00U 

5.00U 

17.00 u 

17.00U 

17.00U 

17.00U 

17.00U 

17.00 u 

17.00 u 

17.00 u 

17.00U 

17.00U 

37.001 

6.201 

17.00 u 

62.001 

5.00U 

17.00U 

17.00U 

17.00U 

17.00 u 
17.00U 

Methylene 
Chloride 

0.47U 

l.90U 

4.60 

4.10 

1.60 

I.SO 

O.IOU 

0.521 

0.86U 

0.47 J 

2.20U 

0.071 

1.00 u 

0.161 

l.40U 

l.20U 

0.33 u 

0.081 

0.51 u 

0.51 u 

13.00 

0.55 u 

0.59 J 

1,1-Dl
chloro
ethane 

0.21 u 

1.901 

0.40U 

0.02U 

1.70U 

0.04U 

0.02U 

0.21U 

0.93U 

4.20U 

2.40U 

0.04U 

I.JOU 

0.67U 

1.20U 

0.48U 

0.561 

0.04U 

0.65J 

0.55U 

0.02U 

0.58U 

0.02U 

cb-1,2-
Dlchloro
ethene 

0.31 u 

l.OOU 

0.24U 

0.20U 

0.23U 

0.06U 

0.06U 

0.13U 

0.57U 

0.38U 

I.SOU 
I 

0.03 u 

1.80 

0.02U 

0.76U 

0.77U 

0.22U 

0.03 u 

0.34U 

0.34U 

l.20U 

0.36U 

0.62 J 



Drum# Site 

012320 INEL 

0123S6 INEL 

0123S7 RFETS 

012433 INEL 

012469 RFETS 

012471 RFETS 

012487 INEL 

012494 INEL 

012S41 INEL 

012SS3 INEL 

012S71 INEL 

Ol26ll INEL 

012634 INEL 

012749 INEL 

012766 INEL 

012802 INEL 

Ol287S RFETS 

012878 INEL 

012891 INEL 

012902 INEL 

012920 INEL 

01298S INEL 

012986 INEL 

Waste Matrix 
Code Croup -

Heterogeneous 

Filter 

Uncategorized Metal 

Filter 

Solidified lnorganics 

Filter 

Inorganic Non-metal 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Combustible 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,l,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

216 336 17.00 u 3.70 u 2.40 u 3.40U 

219 338 110.00 0.20 u 0.38 u 0.26U 

217 480 8.00 J 6.00 u 3.80U s.sou 
219 338 17.00 u 0.18 u 0.28 u 0.9SJ 

211 I S.00 U 0.68 u 0.1S JB 0.62U 

219 338 S.00 U 0.3S U 0.22 u 0.32U 

218 440 17.00 u 0.02 u O.OS JB 0.02U 

216 330 17.00 u 2.20 u 1.40 u 2.IOU 

218 442 17.00 u 0.06 u 0.061 o.osu 
211 I 17.00 u 0.06 u 0.041 o.osu 
217 320 17.00 u 0.01 u O.OS l 0.02U 

211 I 17.00 u 1.20 u 0.1S U I.IOU 

211 I 17.00 u 3.20 u 2.00 u 3.00U 

211 I 17.00 u 0.62 u 0.39 u 0.601 

216 336 17.00 u s.60 u 3.60U 7.30 

216 337 17.00 u 1.00 u 1.90 u 2.60 

226 432 17.00 u 7.60 u 4.80 u 7.00U 

217 480 17.00 u o.ss u 1.00 u 0.70U 

216 330 17.00 u 0.6S U 0.41 u O.S9U 

219 338 17.00 u 0.02 u 0.03 u 0.02U 

222 371 17.00 u 2.20 u 1.40 u 44.00 

222 371 17.00 u 3.80 u 2.40 u 3.40U 

221 302 43.00 J 0.48 u 0.89 u 0.68 J 

f :} 
; 

Acetone 

17.00U 

18.00J 

22.00 J 

17.00 u 
s.oou 

10.00 J 

17.00 u 
17.00 u 
17.00 u 
17.00U 

38.001 

17.00 u 
17.00 u 
17.00 u 

17.00 u 
17.00 u 
17.00U 

17.00 u 

17.00 u 

17.00U 

17.00 u 
17.00U 

2.40U 

Methylene 
Chloride 

2.60U 

0.33 u 
S.20U 

0.601 

O.S9U 

1.301 

0.03 u 
l.60U 

0.141 

0.281 

0.281 

1.001 

12.00 J 

0.43U 

3.90U 

l.70U 

S.30U 

0.88U 

2.60 

0.02 u 

1.60 u 

2.60U 

0.77U 

1,1-Dl
chloro
ethane 

0.04U 

2.00 

4.SOU 

O.S9J 

O.SI U 

0.26U 

0.06U 

2.BOU 

o.osu 
0.04U 

11.00 u 
0.88U 

2.40U 

0.46U 

0.02U 

0.381 

8.30 

0.03U 

0.07U 

0.041 

l.70U 

0.321 

o.osu 

cls-1,2-
Dlchloro
ethene 

2.SO 

0.24U 

2.70U 

O.lSU 

0.31 u 
0.16U 

0.02U 

l.OOU 

0.03 u 
0.03 u 
0.02U 

O.S4U 

I.SOU 

0.28U 

2.60U 

l.20U 

3.SOU 

0.64U 

O.SIJ 

0.02U 

l.OOU 

2.10 J 

O.S6 U 



Drum# Site 

012998 INEL 

013106 INEL 

013229 RFETS 

013231 INEL 

013252 INEL 

013266 INEL 

OI3269 INEL 

013313 INEL 

013331 INEL 

013342 INEL 

013346 RFETS 

013618 INEL 

013677 INEL 

013751 INEL 

013763 INEL 

013773 RFETS 

013818 RFETS 

013820 RFETS 

013847 INEL 

013860 INEL 

013876 RFETS 

014007 INEL 

014009 INEL 

Waste Matrix 
Code Group -

Combustible 

Solidified lnorganics 

Solidified Organics 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Heterogeneous 

Filter 

Uncategorized Metal 

Combustible 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Graphite 

Combustible 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-Trltluoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

216 337 17.00 u 1.30 u 0.82 u l.20U 

111 7 5.00 U 0.03 u l.70 0.03 u 

226 432 17.00 u 0.28 u 0.18 u 0.26U 

215 300 17.00 u 0.02 u 0.03 u 0.02U 

222 371 19.00 J 0.06 u 0.07 JB 0.05 u 

223 339 17.00 u 0.79 u 0.50 u 0.72 u 

218 440 17.00 u 0.05 u 0.09U 0.06U 

218 440 17.00 u 0.06 u 0.09 u 0.05 u 

124 411 17.00 u 0.14 u 0.09U 0.13 u 

218 440 17.00 u 0.01 u 0.06 J 0.02U 

222 371 12.00 J 0.04 u 0.04 J 0.04 u 

216 330 17.00 u 3.80 u 2.40 u 3.40U 

219 338 17.00 u 0.05 u O.Q7 U 0.05U 

217 480 17.00 u 1.70 u 1.10 u 1.60 u 

223 339 6.60 u 11.00 u 50.00 11.00 u 

lll 7 5.00 U 0.15 u 0.84 J 0.26 J 

211 1 94.00 J 0.04 u 0.041 0.04U 

211 1 11.00 u 0.05 u 0.05 J 0.04U 

215 300 17.00 u 0.01 u 0.041 0.02U 

223 339 17.00 u 0.06 u 0.241 0.07U 

211 7 5.00 U 0.18 u 3.60 0.17U 

211 l 17.00 u 0.02 u 0.07 1 0.02U 

211 7 17.00 u 0.06 u 3.40 0.371 

C2- 30 

Acetone 

17.00 u 

5.00U 

17.00 u 

17.00 u 

17.00U 

17.00 u 

17.00 u 

17.00 u 

I7.00 u 

17.00U 

5.00U 

17.00U 

17.00 u 

17.00 u 

17.00 u 

5.00U 

5.00U 

I 1.00 U 

17.00 u 
17.00 u 
5.00 U 

17.00t; 

17.00U 

Methylene 
Chloride 

l.60 

0.08J 

0.20U 

0.09J 

0. I9 J 

3.90 

2.80 

0.04U 

0.25 J 

0.72J 

0.11 J 

2.60 

0.04U 

1.20U 

I2.00 

O.IJU 

0. IO 1 

0.281 

0.051 

2.70 

0.16 u 
0.201 

0.09U 

1,1-Dl
chloro
ethane 

0.97U 

0.04J 

0.21 u 

0.07U 

52.00U 

0.02U 

0.02U 

0.02U 

O.lOU 

0.04J 

0.03U 

0.04U 

0.04J 

I.JOU 

0.32J 

0.11 u 

0.03U 

0.04U 

0.02U 

0.18U 

0.14U 

0.25U 

3.50U 

cls-1,2-
Dlchloro
ethene 

0.87 J 

0.01 u 

0.13 u 

0.02U 

0.03 u 

0.36U 

0.06U 

0.03U 

0.06U 

0.02U 

0.02 I 

1.70 u 

0.04U 

0.77U 

16.00 u 

0.07U 

0.02U 

0.02U 

0.02U 

0.05U 

0.08U 

0.02 u 
0.07U 



Drum# Site 

014010 INEL 

014127 RFETS 

014170 INEL 

014330 INEL 

014334 INEL 

014339 INEL 

014342 INEL 

014345 INEL 

014346 INEL 

014348 INEL 

014354 RFETS 

014357 INEL 

014387 INEL 

014466 INEL 

014484 INEL 

014502 RFETS 

014504 RFETS 

014773 INEL 

015228 RFETS 

015231 INEL 

015241 INEL 

015249 INEL 

015262 RFETS 

Waste Matrix 
Code Group . 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Filter 

Solidified Organics 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Uncategorized Metal 

Combustible 

Solidified Inorganics 

Heterogeneous 

Graphite 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Solidified Organics 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCon JDC Ethyl 

Ether 
1,2,2-Trlftuoro chloro-

Code Code Methanol ethane ethene 

211 7 17.00 u 0.01 u 3.30 0.10 J 

211 7 5.00 U 0.03 u 2.10 0.03U 

211 7 5.00 U 0.03 u 0.21 0.03U 

215 303 21.00 J 0.04 u 0.06 u 0.04U 

219 335 11.00 u 0.05 u 0.10 J 0.05U 

226 432 17.00 u 0.11 u 0.07 u O.IOU 

215 303 17.00 u 0.06 u 0.09 u O.o?U 

226 432 17.00 u 0.09 u 0.10 lB 0.09U 

223 339 17.00 u 0.02 u 2.30 0.04J 

215 300 17.00 u 0.01 u 0.05 J 0.02U 

217 481 5.00 U 0.02 u 0.22 0.02U 

223 339 11.00 u 11.00 u 14.00 u 11.00U 

211 7 17.00 u 0.01 u 23.00 E 0.19 J 

221 302 17.00 u 0.62 u 0.39U 0.57U 

215 300 17.00 u 0.01 u 0.03 J 0.02U 

211 I 5.00 U 0.02 u 0.12 0.02U 

211 I 5.00 U 0.06 u 0.53 J 0.05U 

214 292 5.00 U 0.10 u 0.06 u 0.09U 

226 432 17.00 u 0.34 u 0.21 u 1.90 

218 440 17.00 u 0.06 u 0.09 J 0.05U 

218 442 17.00 u 0.10 u 0.11 J 0.09U 

215 300 17.00 u 0.02 u 0.04 J 0.02U 

226 432 17.00 u 3.20 u 2.00 u 36.00 

Acetone 
17.00U 

5.00U 

5.00U 

17.00U 

17.00U 

17.00U 

17.00U 

17.00U 

17.00U 

17.00U 

5.00U 

17.00U 

17.00 u 

17.00U 

17.00 u 

5.00U 

5.00U 

5.00U 

17.00 u 

17.00 u 

17.00 u 

17.00U 

17.00 u 

Methylene 
Chloride 

0.13 J 

0.24 

0.08J 

6.20 

0.22J 

0.08U 

0.43 J 

0.09J 

3.30 

0.04J 

0.33 

11.00 u 

0.10 J 

0.43 u 

0.12 J 

0.10 J 

0.11 J 

0.09U 

0.24U 

0.991 

0.45 J 

0.13 J 

2.20U 

1,1-Dl
chloro
ethane 

0.29J 

0.03U 

0.03U 

0.30J 

0.04U 

0.08U 

0.04U 

0.07U 

0.04J 

0.02U 

0.02U 

l.20U 

0.63J 

0.46U 

0.02U 

0.01 u 

0.04U 

0.07U 

0.72J 

0.88U 

0.46U 

0.04U 

10.00 

cls-1,2-
Dlchloro
ethene 

0.02U 

0.02U 

0.02U 

0.03U 

0.07U 

0.05 u 

0.05 u 

0.04U 

0.02J 

0.02U 

0.01 u 

16.00U 

0.02U 

0.28U 

0.02U 

0.01 u 

0.03U 

0.05U 

0.16U 

0.03U 

0.04U 

0.02U 

I.SOU 



Drum# Site 

015267 INEL 

015338 INEL 

015434 RFETS 

015440 RFETS 

015515 RFETS 

015532 RFETS 

015543 INEL 

015627 INEL 

015655 INEL 

015674 INEL 

015675 INEL 

015777 RFETS 

015785 RFETS 

015786 INEL 

016242 INEL 

016612 INEL 

016613 INEL 

016707 INEL 

016738 RFETS 

016790 INEL 

016807 INEL 

016842 INEL 

016855 RFETS 

Waste Matrix 
Code Group . 

Uncategorized Metal 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Graphite 

Solidified lnorganics 

Graphite 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Inorganic Non-metal 

Solidified Organics 

Graphite 

Solidified lnorganics 

Graphite 

Solidified lnorganics 

Graphite 

Solidified Organics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, 1,2-Trichloro-
1,2,2-Trltluoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

217 480 17.00 u 2.80 u 1.80 u 2.60U 

211 7 29.00 J 0.02 u 22.00 E 0.09] 

226 432 17.00 u 0.08 u 0.05 J 6.80 

226 432 17.00 u 0.73 u 0.46 u 5.40 

212 3 5.00 u 53.00 u 37.00 J 49.00U 

212 3 5.00 u 160.00 u 100.00 u 150.00U 

212 3 17.00 u 70.00 u 44.00 u 64.00U 

215 300 17.00 u 0.02 u 0.03 u 0.02U 

211 7 17.00 u 0.01 u 0.50 J 0.02U 

215 300 17.00 u 0.01 u 0.08 J O.Q2U 

217 480 17.00 u 0.14 u 0.09 u 0.13 u 

226 432 17.00 u 0.14 u 0.09U 1.60 

211 1 15.00 u 0.65 u 0.41 u 0.851 

211 1 17.00 u 0.02 u 0.05 u 0.171 

215 300 17.00 u 0.01 u 0.041 0.02U 

218 442 17.00 u 0.06 u 0.08 J 0.05U 

226 432 17.00 u 0.39 u 0.33 1 1.901 

215 300 17.00 u 0.01 u 0.03 u 0.02U 

211 7 5.00 u 2.50 u 1.60 u 3.401 

215 300 610.00 0.02 u 0.041 0.14 J 

211 I 17.00 u 0.13 u 0.24 u 0.421 

215 300 17.00 u 0.01 u 0.05 1 0.02U 

212 3 8.70 J 250.00 u 790.00 JD 230.00 u 

Cl- 32 

Acetone 

17.00 u 

17.00 u 
17.00 u 

17.00 u 
5.00U 

6.00 J 

17.00 u 
32.00 J 

17.00U 

17.00U 

17.00U 

17.00U 

15.00 u 
17.00 u 
17.00 u 

17.00 u 
17.00 u 

17.00 u 
5.00U 

17.00U 

17.00 u 
27.00 J 

8.30 J 

Methylene 
Chloride 

2.00U 

0.02 u 
0.78J 

1.20 

47.00U 

140.00U 

49.00U 

0.02U 

0.07 J 

0.161 

5.50 

0.201 

6.40 

0.25 J 

0.091 

0.17 1 

0.28U 

0.02U 

39.00 

0.181 

2.80 

O.Q71 

220.00 u 

1,1-Dl
chloro
ethane 

2.lOU 

0.20U 

0.09J 

22.00 

40.00U 

120.00U 

0.39J 

O.l4U 

0.21 J 

0.031 

0.151 

3.40 

0.48U 

0.76U 

0.02U 

0.221 

0.30U 

0.02U 

l.90U 

0.21U 

I.SOU 

0.85 J 

190.00U 

cis-1,2-
Dichloro
ethene 

I.JOU 

0.02U 

0.04U 

0.34U 

24.00U 

75.00U 

32.00U 

0.02U 

0.02U 

0.02U 

0.06U 1 

0.06U 

0.30U 

0.03 u 
0.02U 

0.03U 

0.18 u 
0.02U 

l.IOU 

0.02U 

0.15 u 
0.02 u 

120.00 u 



Drum# Site 

016869 INEL 

016964 RFEfS 

016986 INEL 

017148 INEL 

017190 INEL 

017444 INEL 

017453 INEL 

017486 INEL 

017491 INEL 

017495 INEL 

017496 INEL 

017698 RFEfS 

017709 INEL 

017728 RFEfS 

017742 INEL 

017756 RFEfS 

017759 INEL 

017788 INEL 

017863 INEL 

018111 RFEfS 

018219 RFEfS 

018299 INEL 

018413 INEL 

Waste Matrix 
Code Group . 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Graphite 

Solidified Organics 

Solidified lnorganics 

Graphite 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Filter 

Solidified lnorganics 

Solidified lnorganics 

Filter 

Graphite 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCoo IDC Ethyl 

Ether 
t,2,2-TrlOuoro chloro-

Code Code Methanol ethane ethene 

211 7 17.00 u 0.14 u 18.00 0.66J 

211 7 5.00 u 2.20 u 2.00 J 2.50J 

218 442 17.00 u 0.34 u 0.21 u 0.31 u 
226 432 17.00 u 1.20 u 0.76 u 87.00 

211 7 17.00 u 2.90 u 19.00 13.00 

215 300 17.00 u 0.06 u 0.06 J 0.05U 

212 3 5.00 u 73.00 u 46.00 u 67.00U 

211 I 17.00 u 0.13 u 0.24 u 0.16U 

215 300 17.00 u 0.14 u 0.27U 0.18 u 
218 442 17.00 u 0.06 u 0.08 J 0.05U 

218 442 17.00 u 0.06 u 0.07 J 0.05U 

211 292 5.00 u 4.60 u 2.90U 4.30U 

211 I 17.00 u 0.01 u 0.10 J 0.03J 

211 I 5.00 u 1.30 u 0.84 u l.20U 

218 440 17.00 u 1.10 u 0.71 u l.OOU 

226 432 17.00 u 3.20 u 2.00U 130.00 

226 432 17.00 u 2.20 u 1.40 J 110.00 

211 7 17.00 u 0.97 u 15.00 3.00 

119 376 17.00 u 0.19 u 0.12 u 0.17U 

211 1 5.00 u 0.03 u 0.09 J 0.03U 

211 7 S.00 U 2.20 u 1.40 u 2.00U 

119 376 17.00 u 0.28 u 0.22 J 0.26U 

115 300 5.00 u 0.02 u 0.03 J o.oiu 

r '3 

Acetone 

17.00U 

5.00U 

17.00 u 
17.00 u 
17.00 u 
17.00 u 
7.00J 

17.00 u 
17.00U 

17.00 u 
17.00U 

5.00U 

17.00 u 
5.00U 

17.00U 

17.00 u 
17.00U 

17.00 u 
17.00 u 
5.00U 

5.00U 

17.00l' 

5.00U 

Methylene 
Chloride 

12.00 

33.00 

0.24U 

3.60 

260.00 

0.18J 

64.00U 

0.21 u 
6.20 

0.16 J 

0.15 J 

4.00U 

0.40J 

14.00 

2.50 

13.00U 

21.00 

78.00 

0.67 J 

0.14J 

48.00 

1.20 J 

0.04 J 

1,1-Dl
chloro
ethane 

I.SO 

l.60U 

0.02U 

0.90U 

3.30 

0.04U 

54.00U 

2.lOU 

0.50J 

0.62U 

0.36J 

3.50U 

0.93J 

0.99U 

1.40 

2.40U 

l.70U 

O.S8U 

0.14U 

0.02U 

2.30J 

0.21 u 
0.01 u 

ds-1,2-
Dlchloro
ethene 

0.17U 

l.OOU 

0.16U 

0.55U 

3.40U 

0.03U 

33.00U 

0.15 u 
0.17U 

0.03U 

0.03U 

2.IOU 

0.02U 

0.61 u 
0.52U 

I.SOU 

l.OOU 

I.IOU 

0.09U 

0.01 u 
l.OOU 

0.13 u 

0.01 u 



Drum# Site 

018441 INEL 

018464 INEL 

018476 INEL 

018491 INEL 

019410 INEL 

019413 INEL 

019572 INEL 

021031 RFETS 

021172 RFETS 

021306 INEL 

021392 RFETS 

021442 INEL 

021488 RFETS 

021503 RFETS 

021511 RFETS 

021512 INEL 

021523 INEL 

021565 INEL 

021572 INEL 

021600 RFETS 

021631 INEL 

021698 INEL 

021699 INEL 

Waste Matrix 
Code Group -

Graphite 

Graphite 

Solidified lnorganics 

Graphite 

Lead/Cadmiwn Metal Waste 

Lead/Cadmiwn Metal Waste 

Lead/Cadmiwn Metal Waste 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-Trlftuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

115 300 17.00 u 0.06 u 0.04 1 0.05U 

115 300 5.00 u 0.02 u 0.03 1 0.02U 

111 292 5.00 u 0.18 u 0.12 u 0.17U 

115 300 17.00 u 0.06 u 0.05 1 0.05 u 

123 339 5.00 u 1.20 u 9.20 D I.IOU 

123 339 5.00 u 5.40 u 6.201 4.90U 

123 339 17.00 u 0.11 u 0.28 1 O.IOU 

214 292 5.00 u 0.08 u 0.101 0.08 u 
218 442 5.00 u o.oi u 0.041 0.02U 

213 4 580.00 0.06 u 0.04 u 0.05U 

214 292 5.00 u 0.31 u 0.561 0.31 J 

211 I 17.00 u 0.41 u 0.75 u 0.691 

218 442 5.00 u 0.07 u 0.221 O.o7U 

218 440 5.00 u 0.31 u 0.20U 0.29U 

213 4 54.00 1 0.08 u 0.05 u 0.08U 

211 7 17.00 u 1.80 u l.10 u 1.60U 

226 432 17.00 u 1.10 u 0.991 9.80 

211 7 17.00 u 0.73 u 1.30 u 2.20 

211 7 17.00 u 0.38 u 0.70 u 1.30 

211 I 5.00 u 0.53 u 0.48 J 0.48 u 
218 442 21.00 1 0.06 u 0.07 J 0.05U 

218 440 17.00 u 2.10 u 1.30 u l.90U 

213 4 2600.0 0.62 u 0.39 u 0.57U 

C2- 34 

Acetone 

17.00U 

5.00U 

5.00U 

17.00 u 
6.001 

7.901 

43.001 

5.00U 

5.00U 

17.00U 

5.00U 

17.00 u 

5.00U 

5.00U 

5.00U 

17.00U 

17.00 u 

17.00U 

17.00U 

5.00 u 

17.00 u 

17.00 u 
68.00 u 

Methylene 
Chloride 

0.161 

0.071 

0.16U 

0.081 

I.IOU 

4.70U 

7.20 

0.o7U 

0.081 

0.04U 

4.90 

5.30 

0.201 

0.27U 

0.101 

3.901 

2.60 

31.00 

16.00 

0.51 J 

0.04U 

I.SOU 

0.43 u 

1,1-Dl
chloro
ethane 

0.04U 

0.02U 

0.14U 

0.04U 

0.92U 

4.00U 

0.531 

0.06U 

0.02U 

0.04U 

0.251 

0.451 

0.06U 

0.24U 

0.06U 

l.40U 

2.40 

2.60U 

l.40U 

0.40U 

1.20 

l.60U 

0.46U 

cls-1,2-
Dlchloro
ethene 

0.03U 

0.01 u 
0.08U 

0.03 u 
0.56U 

2.50U 

0.061 

0.04U 

0.01 u 

0.03 u 
0.14 Ui 

0.47U 

0.03 u 
0.14U 

0.04U 

0.82U 

0.52U 

0.84U 

0.44U 

0.24 

0.03 u 
0.97U 

0.28 u 



Drum# Site 

021700 RFETS 

021806 INEL 

021816 INEL 

02186.S INEL 

021993 INEL 

022000 INEL 

022036 INEL 

022038 RFETS 

0220.52 INEL 

022102 INEL 

02210.S INEL 

022119 lNEL 

022121 INEL 

02213.S INEL 

022136 RFETS 

022149 RFETS 

022224 INEL 

022226 RFETS 

022228 INEL 

022230 INEL 

022249 lNEL 

02227.S INEL 

022286 RFETS 

Waste Matrix 
Code Croup -

Solidified Inorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotograpby/Mass Spectrometry Results 
(aU data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-Trlftuoro chloro-

Code Code Methanol ethane ethene 

213 4 .S.00 u 0.02 u 0.01 1 0.02U 

218 440 17.00 u 0.17 u 0.31 u 0.21 u 
211 l 42.00 1 0.09 u 0.16 u l.20 

211 1 17.00 u 1.80 u 1.10 u l.60U 

211 2 17.00 u 0.84 u 0 . .53 u 0.77U 

218 440 17.00 u 0.19 u 0.12 u 0.17U 

217 480 17.00 u 0.06 u 0.141 0.08U 

217 481 11.00 J 0.3.S u 4.00 0.661 

217 481 17.00 u 0.02 u 0.03 u 0.02U 

226 432 17.00 u 0.19 u 0.12 u 2.00 

211 I 17.00 u 0.79 u o . .so u 0.72U 

222 371 17.00 u 1.00 u 0.64 u 0.93 u 
211 7 17.00 u 0.13 u 19.00 0.33 J 

211 7 17.00 u 1.30 u 46.00 l.20U 

211 7 .S.00 u 1.60 u 4.10 J I.Sol 
211 7 .S.00 u 0.41 u l.10 J 0.38U 

211 I 17.00 u 0.79 u o . .sou 2 . .SOJ 

222 371 14.00 J 2.20 u 1.40 u 2.00U 

222 371 17.00 u 0.28 u 0.18 u 0.26U 

222 371 17.00 u 0.22 u 0.14 u 0.21 u 
217 480 17.00 u I.SOU 2.70 u I.SOU 

217 480 64.00 J 0.33 u 0.61 u 0 . .58 J 

217 480 6.S.00 J 0.94 u 0.60 u 0.87U 

(~ 

Acetone 

.s.oou 
17.00 u 
17.00 u 
17.00U 

17.00 u 
17.00 u 
17.00 u 
28.001 

17.00 u 
17.00 u 
17.00 u 
17.00 u 
l.S.OOU 

17.00 u 
.s.oou 
.s.oou 

17.00 u 
11.00 J 

18.00 u 

17.00 u 
17.00 u 
17.00 u 
8.90 J 

Methylene 
Chloride 

0.021 

0.27U 

3.70 

4.801 

4.10 J 

0.13 u 
O.lOU 

0.30U 

0.021 

0.13 u 
o . .s.su 
7.70 

9.00 

24.00 

11.00 

1.90 J 

4.80 

2.30ID 

3.20 

4.80 

2.30U 

12.00 

8.60 

1,1-Dl
chloro
ethane 

0.01 u 
0.30U 

0.271 

l.40U 

0.64] 

o . .s.su 
0.14U 

1.301 

O . .S4J 

3.90 

O . .S9U 

0.88U 

0.661 

0.97U 

l.20U 

6.70 

l.301 

l.60U 

O.IOU 

0.17U 

3.30U 

0.88U 

0.71 u 

ds-1,2-
Dlchloro
ethene 

0.01 u 
0.20U 

0.lOU 

0.82U 

0.39U 

0.09U 

0.07U 

0 . .521 

0.02U 

0.09U 

0.36U 

0.46U 

0.1.SU 

O . .S9U 

0.76U 

0.19U 

1.901 

l.OOU 

0.13 u 

O.lOU 

1.70 u 
0.38U 

0.43U 

I 



Drum# Site 

022296 INEL 

022306 INEL 

022338 INEL 

022347 INEL 

022358 INEL 

022416 RFETS 

022434 INEL 

022442 INEL 

022450 RFETS 

022453 RFETS 

022486 RFEfS 

022511 INEL 

022513 INEL 

022517 INEL 

022539 INEL 

022549 INEL 

022552 INEL 

022557 INEL 

022595 INEL 

022600 RFETS 

022780 INEL 

022789 INEL 

022790 INEL 

Waste Matrix 
Code Group -

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

J,1,2-Trlchloro-
1,2,2-Trlnuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

211 I 17.00 u 0.72 u 1.30 u 2.00 

218 440 17.00 u 1.70 u 1.10 u l.60U 

212 3 17.00 u 220.00 u 5500.0 210.00U 

218 440 17.00 u 0.22 u 0.42 u 0.341 

217 480 17.00 u 0.02 u 0.07 1 0.241 

217 320 12.00 1 0.10 u O.IOIB 0.09U 

226 432 17.00 u 0.73 u 0.46 u 3.70 

226 432 17.00 u 2.15 u 1.36 u 19.00 

217 320 5.00 U 0.17 u 0.10 u 0.15 u 

211 2 5.00 U 0.15 u 0.17 1 0.91 

218 440 5.00 U 3.30 u 2.10 u 3.IOU 

217 480 17.00 u 1.70 u 1.10 u l.60U 

212 I 17.00 u 0.51 u 0.32 u 0.491 

226 432 17.00 u 0.22 u 0.14 u 2.60 

226 432 17.00 u 0.22 u 0.14 u 1.60 

217 480 17.00 u 2.80 u 1.80 u 2.60U 

218 442 17.00 u 0.65 u 0.41 u O.S9U 

217 480 17.00 u 0.51 u 0.95 u 0.65U 

211 I 17.00 u 0.25 u 0.46 u 0.31 u 

213 4 3800.0 D 0.52 u 0.33 u 2.101 

211 7 17.00 u 0.36 u 12.00 0.961 

211 7 17.00 u 1.20 u 6.00 1.10 u 

214 292 17.00 u 0.17 u 0.32 u 0.22U 

C2- 36 

Acetone 
17.00 u 

15.00U 

27.001 

17.00U 

17.00 u 

8.201 

17.00U 

17.00 u 

s.oou 
s.oou 

11.001 

18.00 u 

17.00 u 

17.00U 

17.00 u 

18.00 u 

17.00 u 

17.00 u 

15.00 u 

130.00 u 

18.00 u 

17.00 v 

18.00 u 

Methylene 
Chloride 

8.20 

1.20 

160.00 u 

1.70 

0.02U 

0.78 

0.51 U 

2.00U 

1.60 

0.13 u 

2.90U 

2.20 

I.IO 1 

0.15 u 

0.15 u 

2.00U 

6.40 

3.70 

7.00 

0.45 u 

30.00 

19.00 

1.90 

1,1-Dl
chloro
ethane 

0.14U 

0.56U 

170.00U 

0.27U 

0.081 

0.07U 

7.60 

9.001 

0.12U 

0.11 u 

2.50U 

0.35U 

0.38U 

2.301 

1.60 

0.34U 

l.90U 

0.02U 

0.48U 

0.691 

0.53U 

0.93U 

0.22U 

cls-1,2-
Dlchloro
ethene 

0.84U 

0.77U 

100.00U 

0.26U 

0.02U 

0.05U 

0.34U 

0.99U 

0.08U 

0.07U 

I.SOU, 

0.80U 

0.23U 

O.IOU 

0.lOU 

I.JOU 

0.30U 

0.60U 

0.29U 

0.24U 

0.42U 

0.57U 

0.20U 



Drum# Site 

022803 INEL 

022807 INEL 

022811 INEL 

022833 INEL 

022841 INEL 

0228SO INEL 

022874 INEL 

022894 INEL 

022923 INEL 

02300S INEL 

023027 RFETS 

023041 RFETS 

023046 RFETS 

023048 RFETS 

023062 INEL 

023211 INEL 

023212 RFETS 

023227 INEL 

023229 INEL 

02323S RFETS 

023238 INEL 

023277 INEL 

02328S INEL 

Waste MatrlI 
Code Group . 

Inorganic Non-metal 

Salt Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Filter 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro
J,2,2-Trlfluoro 

ethane 

J,1-Dl
chloro
ethene Code Code Methanol 

222 371 17.00 u 1.20 u 0.7S U I.IOU 

224 414 17.00 u 0.23 u O.IS U 0.27 J 

211 7 17.00 u 0.30 u 19.00 0.6SJ 

211 7 17.00 u 2.20 u 38.00 3.70 

211 7 17.00 u 1.20 u S.20 2.80 

211 7 17.00 u 0.72 u 47.00 1.80 

222 371 17.00 u 0.40 u 0.2S U 0.36U 

211 1 17.00 u 0.10 u 0.29 J 0.34J 

218 440 17.00 u 0.73 u 0.46 u 0.67U 

211 7 17.00 u 0.34 u 9.30 0.31 u 
217 480 S.00 U 0.33 u 0.21 u 0.30U 

222 371 13.00 J O.S4 U 0.34 u 0.49U 

211 7 S.00 U 0.9S U 6.SO 0.87U 

226 432 17.00 u 0.79 u o.so u 12.00 

211 7 17.00 u 0.34 u 2.SO 0.31 u 
119 376 17.00 u 0.11 u 0.09 J O.lOU 

217 480 S.00 U 1.10 u 0.70U 3.20J 

217 480 17.00 u 0.19 u 0.12 u 0.17U 

216 337 17.00 u 1.10 u 0.71 u l.OOU 

216 336 9S.OO J 0.30 u 0.19 u 0.27U 

211 1 17.00 u 0.16 u 0.62 J 0.7S J 

222 371 17.00 u 2.00 u 1.20 u 1.BOU 

211 7 17.00 u 3.80 u 3.40 J 4.10 J 

c 

Acetone 

lS.00 U 

17.00 u 

17.00U 

IS.00 U 

17.00 u 
17.00 u 
17.00 u 
lS.00 U 

17.00U 

17.00U 

s.oou 
10.00 J 

S.90 J 

17.00 u 
17.00 u 
17.00 u 
9.20J 

17.00U 

17.00U 

23.00 J 

17.00U 

17.00U 

17.00 u 

Methylene 
Chloride 

3.80J 

0.81 J 

20.00 

120.00 

84.00 

41.00 

S.00 

3.SO 

0.61 J 

4.00 

0.29U 

1.10 J 

10.00 

o.ssu 
4.90 

0.341 

S.20J 

0.2S J 

0.78U 

4.30 

4.SO 

9.20J 

27.00 

1,1-Dl
chloro
ethane 

l.OOU 

0.18U 

0.32U 

0.74U 

0.04U 

0.14U 

0.38U 

0.19U 

o.osu 
0.2SU 

0.2SU 

OAOU 

0.71 u 

1.90 

0.2SU 

0.08U 

l.30J 

o.sou 
0.84U 

0.66J 

4.10 

I.SOU 

S.OOJ 

ds-1,2-
Dlchloro
ethene 

O.S4U 

0.11 u 

0.3S U 

2.SOU 

1.40U 

0.84U 

0.18 u 
0.12U 

0.34U 

0.16 u 
O.lS U 

0.2SU 

0.43 u 
0.36U 

0.16U 

o.osu 
O.Sl U 

0.09U 

O.S2U 

0.14U 

0.18 u 
0.90U 

l.70 u 



Drum# Site 

023312 INEL 

023341 RFETS 

023357 INEL 

023383 RFETS 

023384 INEL 

023388 INEL 

023392 INEL 

023407 INEL 

023460 INEL 

023469 INEL 

023492 INEL 

023519 INEL 

023535 INEL 

023552 INEL 

023662 INEL 

023681 INEL 

023695 RFETS 

023771 RFETS 

023776 INEL 

023805 INEL 

023827 RFETS 

023840 INEL 

023901 INEL 

Waste Matrix 
Code Group . 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Inorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, 1,2-Trichloro-
1,2,2-Trlnuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

217 480 17.00 u 0.73 u 1.40 u 1.80 

211 7 5.00 U 0.02 u 1.40 E 0.05 J 

211 I 17.00 u 0.28 u 0.18 u 0.89 J 

217 481 5.00 u 0.02 u 0.06 J 0.02 u 

223 339 15.00 u 0.09 u 0.15 u 0.11 u 

216 330 18.00 u 0.08 u 0.12 u 0.12 J 

213 4 1000.0 1.30 u 0.80 u 2.60J 

212 3 17.00 u 44.00 u 28.00 u 40.00U 

218 442 17.00 u 0.06 u 0.06 J 0.05U 

212 3 17.00 u 0.67 u 45.00 4.60 

211 7 17.00 u 1.40 u 1.20 J 1.30U 

212 3 17.00 u 2.80 u 49.00 3.50U 

211 7 17.00 u 0.72 u 1.60 1.70 

211 I 17.00 u 1.60 u 1.00 u l.40U 

218 442 17.00 u 0.19 u 0.12 u 0.17U 

211 I 36.00 J 0.67 u 0.43 u 0.63 J 

211 2 5.00 U 0.35 u 0.39 J 0.32U 

216 330 12.00 J 0.36 u 0.23 u 0.33U 

216 330 15.00 u 0.74 u 0.47 u 0.68U 

217 480 17.00 u 0.01 u O.o7 J 0.02U 

217 320 5.00 U 0.02 u 0.03 J 0.02U 

216 337 150.00 0.29 u 0.46 u 0.42 J 

216 330 18.00 u 0.28 u 0.44 u 2.70 

C2- 38 

Acetone 

17.00U 

5.00U 

17.00U 

5.00U 

15.00 u 

15.00 u 

43.00U 

17.00U 

23.00J 

17.00 u 

17.00U 

17.00 u 

15.00U 

17.00 u 

2.40U 

17.00 u 

5.00U 

35.00 J 

51.00 J 

17.00U 

5.00U 

17.00 u 

27.00 J 

Methylene 
Chloride 

5.80 

0.94 

0.72J 

0.07 J 

14.00 

1.30 

0.88U 

31.00U 

0.88J 

22.00 

7.10 J 

44.00 

30.00 

9.401 

1.30 

0.47U 

2.50 

8.00 

2.50 

1.10 

0.61 

5.20 

0.26U 

1,1-Dl
chloro
ethane 

0.35J 

0.02J 

l.30J 

0.02J 

2.20U 

I.JOU 

3.00J 

33.00U 

0.66J 

2.IOJ 

l.OOU 

0.44J 

3.90 

1.20U 

0.551 

0.931 

0.29J 

4.70 

0.77 J 

0.17U 

0.031 

0.81 J 

0.16U 

cls-1,2-
Dichloro
ethene 

0.84U 

0.01 u 

0.13 u 

0.01 u 

0.08U 

0.07U 

0.58 u 

20.00U 

0.03 u 

0.31 u 

0.64 U' 

3.20U 

0.84U 

0.72U 

0.09U 

0.31 u 

0.16 u 

0.17U 

0.34U 

0.02U 

0.01 u 

0.24U 

0.23 u 



Drum# Site 

023929 RFETS 

023959 lNEL 

024028 RFETS 

024029 lNEL 

024058 INEL 

024059 INEL 

024088 INEL 

024090 INEL 

024092 INEL 

024095 INEL 

024102 lNEL 

024106 INEL 

024113 lNEL 

024147 INEL 

024165 lNEL 

024168 INEL 

024185 INEL 

024254 INEL 

024271 INEL 

024273 INEL 

024289 RFETS 

024295 INEL 

024308 INEL 

Waste Matrix 
Code Group -

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Solidified Inorganics 

Combustible 

Heterogeneous 

Salt Waste 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trkhloro- 1,1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-Trlfluoro chloro-

Code Code Methanol ethane ethene 

218 440 5.00 u 1.10 u 0.71 u l.OOU 

217 480 17.00 u 2.50 u 1.60 u 2.30U 

218 440 5.00 u 0.23 u 0.15 u 0.22U 

217 480 17.00 u 0.02 u 0.03 u 0.02U 

211 I 17.00 u 0.84 u 0.53 u 0.77U 

214 292 17.00 u 0.34 u 0.21 u 0.31 u 

216 337 15.00 u 0.64 u 0.41 u 0.59U 

216 337 55.00 J 0.44 u 0.69U 0.50U 

216 337 17.00 u 2.80 u 1.90 2.60U 

216 337 18.00 u 0.18 u 0.29 u 0.21 u 

216 337 120.00 0.96 u 0.61 u 0.88U 

216 337 360.00 1.40 u I.SO 1.30U 

216 337 140.00 0.42 u 0.27 u 0.39U 

211 l 17.00 u 1.30 u 0.82 u l.20U 

216 337 230.00 0.99 u 0.63 u 0.91 u 

216 330 17.00 u 0.06 u 0.04 u 0.05U 

224 409 17.00 u 0.06 u 0.09 J O.lOJ 

224 414 17.00 u 0.09 u 0.06 u 0.09U 

218 442 17.00 u 0.19 u 0.12 u 0.17U 

218 442 17.00 u 0.36 u 0.23 u 0.34U 

218 440 5.20 J 0.66 u 0.69 J 0.61 u 

224 414 17.00 u 0.19 u 0.12 u 1.00 J 

211 2 17.00 u 0.28 u 0.18 u 0.26U 

r: ;9 

Acetone 

5.00U 

17.00 u 

5.00U 

18.00 J 

17.00 u 

17.00 u 

15.00 J 

17.00 u 

17.00U 

17.00U 

17.00 u 

17.00 u 

17.00 u 

17.00U 

17.00U 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

5.30 J 

17.00L 

17.00U 

Methylene 
Chloride 

0.98U 

14.00 

1.00 J 

0.02U 

0.59U 

0.25 J 

1.30 

2.10 

4.10 

0.17U 

0.67U 

0.98U 

0.29U 

2.40J 

2.30 

0.04U 

0.21 J 

0.07U 

0.55 J 

0.26 

0.67 J 

0.13U 

0.20U 

1,1-Dl
chloro
ethane 

0.84U 

0.051 

0.18U 

0.37J 

0.63U 

0.25U 

11.00U 

0.02U 

0.05J 

0.02U 

0. lOJ 

0.04U 

0.02U 

0.97U 

2.IOU 

O.lOJ 

0.05U 

0.07U 

2.80U 

0.27U 

0.50U 

0.14U 

0.21 u 

cls-1,2-
Dlchloro
ethene 

0.51 u 

l.20U 

0.11 u 

0.02U 

0.39U 

0.16U 

0.30U 

0.37U 

l.30U 

0.15 u 

0.44U I 

0.64U 

0.19U 

0.59U 

0.46U 

0.03U 

0.03 u 

0.04U 

0.09U 

0.17U 

0.30U 

0.09U 

0.13 u 



Drum# Site 

024309 INEL 

024311 INEL 

024318 INEL 

024506 INEL 

024507 INEL 

024600 INEL 

024638 INEL 

024670 INEL 

024765 INEL 

024786 INEL 

024850 INEL 

024884 INEL 

024897 INEL 

024920 INEL 

024991 INEL 

025001 INEL 

032284 INEL 

032287 RFETS 

032467 INEL 

032469 RFETS 

032473 INEL 

032485 INEL 

032517 RFETS 

Waste Matrix 
Code Group -

Solidified Inorganics 

Soiidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Combustible 

Solidified Inorganics 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(aU data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,l,2-Trichloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

211 2 17.00 u 0.23 u 0.14 u 0.41 J 

211 2 41.00 u 0.46 u 0.29 u 0.42 u 

211 2 17.00 u 0.45 u 0.28 u 0.41 u 

122 374 17.00 u 0.11 u 0.07 u 0.lOU 

117 480 17.00 u 0.19 J 0.09 u 0.13U 

217 480 17.00 u 0.51 u 0.32 u 0.46U 

216 330 15.00 u 0.25 u 0.16 u 0.23 u 

211 I 17.00 u 1.00 u 0.64 u 0.93 u 

217 480 17.00 u 0.05 u 0.07 u 0.11 J 

217 480 17.00 u 0.68 u 0.43 u 0.62U 

226 432 17.00 u 0.19 u 0.12 BJ 0.98 J 

217 480 17.00 u 0.45 u 0.28 u 0.41 u 

211 1 17.00 u 0.45 u 0.28 u 0.41 u 

211 1 17.00 u 1.30 u 0.82 u l.20U 

211 1 17.00 u 0.62 u 0.39 u 0.57U 

212 3 17.00 u 2.20 u 1.40 u 2.lOU 

223 339 17.00 u 0.30 u 0.46 u 0.53 J 

211 7 5.00 u 2.20 u 8.20 JB 2.00U 

216 337 17.00 u 0.45 u 0.28 u 0.41 u 

216 337 5.00 u 0.73 u 2.10 JB 0.67U 

216 337 15.00 u 3.00 u 1.90 u 2.80U 

216 337 72.00 J 1.80 u 2.20 1.60 u 

223 339 5.00 u 0.16 u 0.10 u 0.15 u 

C2- 40 

Acetone 

17.00U 

41.00U 

17.00U 

17.00U 

17.00 u 

18.00 J 

17.00U 

17.00 u 

17.00U 

17.00 u 

17.00U 

17.00U 

17.00 u 

17.00U 

17.00 u 

17.00U 

17.00 u 

6.00J 

59.00 J 

5.00 u 

17.00U 

17.00U 

18.00 J 

Methylene 
Chloride 

O.l6U 

0.32U 

0.31 u 

O.lOU 

0.20J 

0.35U 

0.17U 

3.lOJ 

1.30 

5.60 

0.13 u 

0.31 u 

0.31 u 

0.90U 

0.43 u 

l.60U 

46.00 

29.00 

0.31 u 

0.64 u 

19.00 

1.40 

8.40 

1,1-Dl
chloro
ethane 

0.17U 

0.34U 

0.34U 

0.08U 

O.lOU 

2.40U 

0.04U 

0.76U 

0.63U 

0.131 

7.10 

0.34U 

0.34U 

0.97U 

0.46U 

l.701 

4.20U 

1.60U 

58.00J 

0.55U 

0.06U 

l.90U 

0.53 J 

cls-1,2-
Dlchloro
ethene 

O.lOU 

0.21 u 

0.21 u 

0.05U 

0.06U 

0.23U 

0.11 u 

0.46U 

0.04U 

0.31 u 

0.09U 

0.21 u 

0.21 u 

0.59U 

0.28U 

l.OOU 

0.25U 

l.OOU 

0.21 u 

0.34U 

1.40 u 

0.80U 

0.08 u 



Drum# Site 

032521 INEL 

032525 INEL 

032526 INEL 

032529 INEL 

032540 INEL 

032632 INEL 

032659 RFETS 

032669 RFETS 

032712 INEL 

03271.5 RFETS 

032748 INEL 

032753 INEL 

033091 INEL 

001332 RFETS 

006288 RFETS 

006339 RFETS 

011129 RFETS 

013364 RFETS 

015680 RFETS 

017184 RFETS 

032439 RFETS 

032978 RFETS 

035301 RFETS 

WHte Matrix 
Code Group 

Combustible 

Combustible 

Combustible 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Heterogeneous 

Filter 

Heterogeneous 

Filter 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Filter 

Solidified Inorganics 

Solidified Inorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCon IDC Ethyl 

Ether 
t,2,2-TrlOuoro chloro-

Code Code Methanol ethane ethene 

223 339 17.00 u 0.07 u 0.10 u 0.07U 

223 339 17.00 u 0.04 u 0.24 l 0.05 l 

223 339 15.00 u 0.55 u 1.20 0.62U 

216 336 11.00 u 1.80 u 0.32 u l.OOU 

217 480 18.00 J 0.73 u 0.46 u 1.10 

217 480 17.00 u 0.14 u 0.22 u 0.391 

217 480 5.00 u 0.58 u 0.37 u 0.53U 

217 480 7.60 J 0.63 u 0.40 u 0.58U 

217 480 17.00 u 0.54 u 0.34 u 0.49U 

216 337 5.00 u 0.17 u 0.28 JB 0.15 u 

223 339 11.00 u 1.80 u 0.32 u l.OOU 

217 481 17.00 u 0.06 u 0.04 l 0.05U 

223 339 17.00 u 0.02 u 0.03 u 0.02U 

116 832 31.27 l 1.00 u 0 . .50 u 0.50U 

119 338 1.30 u 0.20 u 0.10 u 0.lOU 

0 337 32.49 l 0.40 u 0.20U 0.20U 

119 338 .5.87 l 0.20 u 0.10 u O.IOU 

117 480 37.92 l 0.10 u 0.10 u 0.lOU 

116 831 866.66 u 133.33 u 66.67 u 66.67U 

111 800 1.90 u 0.10 u 0.45 l 0.121 

119 338 .5.96 1 0.20 u 0.10 u 0.lOU 

111 803 73.67 u 11.33 u 73.26 19 . .57 1 

111 800 1.90 u 0.10 u 0.10 u 0.IOU 

c 

Acetone 

17.00U 

17.00U 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

9.501 

18.00 l 

17.00 u 

5.00U 

17.00 u 
17.00 u 
17.00U 

16.9.5 l 

0 . .561 

144.65 l 

2.161 

46.78 l 

333.33 u 

1.20 u 

4.511 

28.34 u 

1.20 u 

Methylene 
Chloride 

17.00 

12.00 

24.00 

55.00B 

19.00 

3.40 

6.40 

2.301 

0.55 l 

0.151 

36.00B 

0.04U 

1.60 

0.50U 

O.lOU 

3.84 

0.291 

3.15 

66.67U 

0.261 

1.19 

161.84 

0.IOU 

1,1-Dl
chloro
ethane 

0.88U 

0.50U 

O.lOU 

O.o7U 

0.84U 

I.JOU 

0.43U 

0.47U 

0.061 

0.13U 

0.72U 

0.04U 

26.00 

0.50U 

O.lOU 

0.211 

O.IOU 

0.331 

66.67U 

0.IOU 

O.lOU 

1.441 

0.IOU 

ds-1,2-
Dlchloro
ethene 

0.05U 

0.03U 

0.46U 

0.18 u 
0.34U 

0.12 u 

0.26U 

0.29U 

0.2.5U 

0.08U 

0.18 u 
0.03U 

0.02U 

0.50U 

O.lOU 

0.20U 

O.IOU 

O.lOU 

66.67U 

O.lOU 

O.IOU 

.5.67U 

O.IOU 



Drum# Site 

035306 RFETS 

036606 RFETS 

038859 RFETS 

038989 RFETS 

041681 RFETS 

042280 RFETS 

047501 RFETS 

048182 RFETS 

048200 RFETS 

048377 RFETS 

049662 RFETS 

049880 RFETS 

052318 RFETS 

052362 RFETS 

052726 RFETS 

053672 RFETS 

055656 RFETS 

055680 RFETS 

055938 RFETS 

056095 RFETS 

056595 RFETS 

056755 RFETS 

056823 RFETS 

Waste Matrix 
Code Group -

Lead/Cadmium Metal Waste 

Uncategorized Metal 

Solidified lnorganics 

Heterogeneous 

Filter 

Solidified Organics 

Lead/Cadmium Metal Waste 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Heterogeneous 

Lead/Cadmium Metal Waste 

Heterogeneous 

Heterogeneous 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

123 339 22.26 J 0.40 u 0.20U 0.20U 

117 480 9.44 J 0.80 u 0.40U 0.40U 

111 803 2.74 J 0.10 u 0.10 u O.lOU 

0 336 1.69 J 0.20 u 0.10 u O.lOU 

119 338 52.16 J 0.20 u 0.10 u O.lOU 

112 801 5416.6 u 833.33 u 1682.9 J 416.67 u 

0 341 11.85 J 0.20 u 0.10 u O.lOU 

119 376 50.37 J 0.40 u 0.40 u o.40U 

116 831 152.00 u 8.00 u 8.00U 8.00U 

118 368 1.90 u 0.10 u 0.10 u O.IOU 

0 292 1.38 J 0.20 u 0.10 u O.IOU 

0 336 3.47 u 0.53 u 0.27 u 0.27U 

117 321 5.08 J 0.20 u 0.10 u O.lOU 

116 821 7.99 J 0.20 u 0.20U 0.20U 

116 833 10.40 u 1.60 u 0.80 u 0.80U 

118 440 147.84 J 0.20 u 0.21 J 0.20U 

116 831 5.70 U 0.30 u 0.34 J 0.30U 

116 821 3.80 u 0.20 u 0.20U 0.20U 

116 831 3.80 u 0.20 u 0.20 u 0.20U 

0 337 10.20 J 0.20 u 0.10 u O.lOU 

116 831 173.33 u 26.67 u 798.33 13.33 u 

116 821 1.90 u 0.10 u 0.16 J 0.lOU 

116 831 29.77 J 0.40 u 0.40 J 0.40U 

C2- 42 

Acetone 

92.37 J 

2.00U 

l.20U 

17.99 J 

35.93 J 

2083.3 u 

31.67 J 

4.80U 

96.00U 

4.95 J 

0.50U 

22.48 J 

3.15 J 

2.40U 

4.00U 

7.22 J 

6.81 J 

2.40U 

2.40U 

0.59 J 

66.67U 

1.20 l' 

4.80U 

Methylene 
Chloride 

22.22 

0.40U 

O.lOU 

1.18 

2.22 

416.67 u 

0.52 J 

o.40U 

8.00U 

0.12J 

O.IOU 

3.36 

0.IOU 

0.23 J 

0.80U 

0.20U 

0.30U 

0.20U 

0.20U 

O.lOU 

13.33 u 

0.32 J 

0.40U 

1,1-Dl
chloro
ethane 

1.17 J 

0.40U 

O.lOU 

0.191 

0.13 J 

416.67U 

O.IOU 

o.40U 

8.00U 

O.IOU 

O.IOU 

0.661 

O.IOU 

0.20U 

0.80U 

0.20U 

0.30U 

0.20U 

0.20U 

O.lOU 

13.33 u 

O.lOU 

0.40U 

cls-1,2-
Dlchloro
ethene 

0.20U 

0.40U 

O.IOU 

O.lOU 

O.lOU 

416.67 u 

O.IOU 

0.40U 

8.00U 

O.IOU 

O.IOU 

0.27U 

O.IOU 

0.20U 

0.80U 

0.20U 

0.30U 

0.20U 

0.20U 

O.IOU 

13.33 u 

O. lOU 

0.40U 



Drum# sue 
057179 RFETS 

057522 RFETS 

057847 RFETS 

058143 RFETS 

058154 RFETS 

058627 RFETS 

058889 RFETS 

058970 RFETS 

059053 RFETS 

059703 RFETS 

OS9899 RFETS 

0600S6 RFETS 

060218 RFETS 

060298 RFETS 

060320 RFETS 

060463 RFETS 

060Sll RFETS 

06063S RFETS 

06124S RFETS 

061278 RFETS 

061473 RFETS 

061S04 RFETS 

061747 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Lead/Cadmium Metal Waste 

Heterogeneous 

Filter 

Lead/Cadmium Metal Waste 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Inorganic Non-metal 

Filter 

Filter 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal Waste 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,l,2-Trichloro
t,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

0 330 27.22 J 4.00 u 35.83 4.85 J 

0 336 292.23 J 0.80 u 0.40U OAOU 

117 480 18.12 J 0.80 u 0.65 J 0.40U 

111 807 1.90 u 0.10 u 0.65 J O.IOU 

116 831 33.35 J 0.80 u 0.40 u 0.40U 

116 831 9.82 J 0.40 u 0.20U 0.20U 

116 831 2.60 u 0.40 u 0.20U 0.20U 

111 807 1.90 u 0.10 u 0.79 J 0.lOU 

0 341 4.44 J 0.20 u 0.10 u O.lOU 

116 831 13.44 J 1.00 u 0.50U 0.50U 

0 331 18. 73 Ja 1.00 u o.so u o.sou 
0 341 23.41 J O.S3 u 0.27 u 0.27U 

116 821 26.43 J 0.20 u 0.20 u 0.20U 

112 801 10893 u S13.33 u 60S.44 J S13.33 u 

0 330 364.00 u 56.00 u 28.70 J 28.00U 

118 440 9.lS J 0.10 u 0.29 J O.lOU 

119 491 194.76 J 0.20 u 0.20U 0.20U 

119 491 12. 71 J 0.10 u 0.10 u O.lOU 

0 336 93.88 J 0.93 u 1.08 J 0.47U 

0 336 110.62 J O.S3 u 0.27 u 0.27U 

0 377 79.38 J 0.30 u 0.30 u 0.30U 

0 341 27.30 J 0.20 u 0.10 u 0.IOU 

0 330 21.66 J 0.53 u 0.27 u 0.27U 

(1 

Acetone 

10.00 u 

61.39 J 

1.25 J 

l.20U 

19.22 J 

l.OOU 

l.OOU 

l.20U 

32.29 J 

IS.SS J 

844.03 J 

118.24 J 

3S.91 J 

6880.0U 

144.48 J 

2.S8 J 

11.29 J 

1.28 J 

143.48 J 

4S.34 J 

2.60U 

87.4S J 

30.03 J 

Methylene 
Chloride 

2.00U 

0.40U 

OAOU 

O.IOU 

1.10 J 

0.47 J 

0.20U 

0.16J 

5.31 

1.67 J 

o.sou 
13.76 

0.20U 

S13.33 u 

28.00U 

0.18 J 

0.20U 

0.18 J 

1.12 J 

22.83 

0.33 J 

9.88 

1.43 J 

1,1-Dl
chloro
ethane 

2.00U 

OAOU 

0.40U 

O.IOU 

0.40U 

0.20U 

0.20U 

O.lOU 

0.451 

o.sou 
o.sou 
0.96J 

0.20U 

573.33 u 

28.00U 

0.lOU 

0.20U 

0.lOU 

0.47U 

1.161 

0.30U 

0.S1 J 

0.27U 

cls-1,2-
Dlchloro
ethene 

2.00U 

OAOU 

0.40U 

O.IOU 

MOU 

0.20U 

0.20U 

O.lOU 

0.lOU 

o.sou 
o.sou 
0.27U 

0.20U 

S13.33 u 

28.00U 

O.lOU 

0.20U 

0.lOU 

0.47U 

0.27U 

0.30U 

0.IOU 

0.27 u 



Drum# Site 

062340 RFETS 

062478 RFETS 

062714 RFETS 

062851 RFETS 

062855 RFETS 

063098 RFETS 

063229 RFETS 

063281 RFETS 

063460 RFETS 

063654 RFETS 

063808 RFETS 

063817 RFETS 

063819 RFETS 

063999 RFETS 

064004 RFETS 

064137 RFETS 

064448 RFETS 

064555 RFETS 

064632 RFETS 

064752 RFETS 

064758 RFETS 

064860 RFETS 

065212 RFETS 

Waste Matrb; 
Code Group -

Heterogeneous 

Filter 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Filter 

Filter 

Filter 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC Ethyl 
Ether 

l,l,2-Trlchloro-
1,2,2-Trlnuoro 

ethane 

1,1-Dl
chloro
etbene Code Code Methanol 

116 821 7.60 u 0.40 u 0.40 u OAOU 

119 376 77.31 J 0.40 u 0.40 u 0.40U 

116 831 13.00 u 2.00 u 1.00 u l.OOU 

116 825 10.44 J 0.30 u 0.30 u 0.30U 

116 821 114.00 u 6.00 u 6.00 u 6.00U 

0 331 16.50 Ja 1.00 u 3.08 J 0.50U 

116 831 3.80 u 0.20 u 0.20 u 0.20U 

111 807 1.90 u 0.10 u 0.15 J O.IOU 

116 831 1.90 u 0.10 u 0.10 u O.IOU 

111 807 2.95 J 0.10 u 0.10 u 0.IOU 

116 831 43.27 1 0.80 u 0.80 u 0.80U 

116 821 30.40 u 1.60 u 1.60 u l.60U 

111 807 3.80 u 0.20 u 0.58 1 0.20U 

119 491 245.84 J 0.30 u 0.30 u 0.30U 

0 331 185.61 la 0.80 u 0.40 u OAOU 

119 335 1.90 u 0.10 u 0.10 u O.IOU 

116 821 2090.0 u 110.00 u 110.00 u 110.00U 

112 801 10893 u 573.33 u 573.33 u 573.33 u 

111 800 2.58 1 0.10 u 0.23 J 0.12 J 

117 480 26.00 u 4.00 u 2.00 u 2.68 J 

116 831 20.93 1 1.00 u 0.711 0.50U 

116 831 156.00 u 24.00 u 12.00 u 12.00 u 
116 831 117.00 u 18.00 u 88.80 1 330.62 

C2- 44 

Acetone 

6.661 

4.80U 

5.00U 

3.60U 

72.00U 

715.701 

2.40U 

l.20U 

l.20U 

l.20U 

9.60U 

19.20 u 

2.40U 

3.60U 

409.361 

l.20U 

1320.0 u 

6880.0 u 

l.20U 

10.00 u 
13.05 J 

60.00 u 

45.00U 

Methylene 
Chloride 

0.43 J 

0.40U 

l.OOU 

0.30U 

6.00U 

0.50U 

0.20U 

0.IOU 

2.64 

O.IOU 

0.80U 

202.29 

0.20U 

0.30U 

OAOU 

0.IOU 

110.00 u 

573.33 u 

0.321 

2.00U 

0.59 J 

12.00U 

9.00U 

1,1-Dl
chloro
ethane 

OAOU 

OAOU 

l.OOU 

0.30U 

6.00U 

0.50U 

0.20U 

O.IOU 

0.101 

O.IOU 

0.80U 

l.60U 

0.20U 

0.30U 

OAOU 

O.IOU 

110.00U 

573.33 u 

0.IOU 

2.00U 

0.50U 

12.00U 

9.00U 

cls-1,2-
Dlchloro
etbene 

0.40U 

0.40U 

l.OOU 

0.30U 

6.00U 

0.50U 

0.20U 

O.IOU 

O.IOU 

O.IOU 

0.80U1 

l.60U 

0.20U 

0.30U 

0.40U 

O.IOU 

110.00 u 

573.33 u 

O.IOU 

2.00U 

0.50U 

12.00U 

9.00U 



Drum# Site 

065213 RFETS 

065214 RFETS 

065530 RFETS 

065535 RFETS 

065546 RFETS 

065600 RFETS 

065731 RFETS 

065734 RFETS 

065754 RFETS 

065757 RFETS 

065972 RFETS 

066128 RFETS 

066157 RFETS 

066162 RFETS 

066211 RFETS 

066213 RFETS 

066356 RFETS 

066378 RFETS 

066438 RFETS 

066523 RFETS 

066525 RFETS 

066631 RFETS 

066637 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Uncategorized Metal 

Lead/Cadmiwn Metal Waste 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,l-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-Trlftuoro chloro-

Code Code Methanol ethane ethene 

116 831 104.00 u 16.00 u 8.00 u 8.00U 

116 831 1399.6 u 73.67 u 73.67 u 73.67U 

Ill 807 1.90 u 0.10 u 0.89 J 0.13 J 

11 l 807 1.90 u 0.10 u 0.33 J 0.41 J 

111 807 l.90 u 0.10 u 0.33 J 0.37 J 

111 807 1.90 u 0.10 u 1.25 l.02 

122 375 12.20 J 0.40 u 1.81 J 0.40U 

117 480 33.76 J 0.70 u 0.70 u 0.70U 

116 831 10.46 J l.33 u 3.60 J 0.67U 

116 831 39.00 u 6.00 u 3.00 u 3.00U 

119 376 18.35 J 0.30 u 0.30 J 0.30U 

116 831 24.20 J l.00 u 3.03 J 0.50U 

117 480 29.29 J 4.00 u 2.00U 2.00U 

123 339 1710.0 u 90.00 u 90.00 u 113.67J 

116 833 19.95 J 0.10 u 0.10 u O.lOU 

116 831 7.49 J 0.60 u 2.63 J 8.85 

116 831 2166.6 u 333.33 u 166.67 u 166.67 u 

116 831 2496.0 u 384.00 u 192.00 u 192.00U 

117 480 30.40 u 1.60 u 107.82 1.60U 

112 801 10893 u 573.33 u 649.01 J 573.33 u 

111 800 3.47 u 0.53 u 0.27 u 0.27U 

116 831 9.82 J 0.50 u 0.50 u 0.50U 

116 831 104.00 u 16.00 u 8.00 u 8.00U 

r?.- 45 

Acetone 

40.00U 

884.00U 

l.20U 

l.20U 

l.20U 

l.20U 

5.01 J 

30.96 J 

106.20 J 

15.00U 

3.60U 

2.87 J 

56.91 J 

1080.0 u 

l.20U 

5.51 J 

833.33 u 

960.00U 

19.20 u 

6880.0U 

1.53 J 

9.29J 

40.00U 

Methylene 
Chloride 

70.37 J 

73.67U 

0.10 J 

O.lOU 

O.lOU 

0.10 J 

0.62) 

89.04 

0.67U 

3.00U 

0.50J 

0.50U 

2.00U 

90.00U 

O.lOU 

0.30U 

166.67 u 

192.00 u 

12.16 J 

573.33 u 

0.27U 

0.50U 

8.00U 

1,1-Dl
chloro
ethane 

8.00U 

73.67U 

O.lOU 

O.IOU 

O.lOU 

0.12J 

o.40U 

0.70U 

0.67U 

3.00U 

0.30U 

0.50U 

2.00U 

90.00U 

O.lOU 

0.30U 

166.67U 

192.00U 

l.60U 

573.33 u 
0.27U · 

0.50U 

8.00U 

cls-1,2-
Dlchloro
ethene 

8.00U 

73.67U 

O.lOU 

O.IOU 

O.IOU 

O.lOU 

o.40U 

0.70U 

0.67U 

3.00U 

0.30U 

0.50U 

2.00U 

90.00U 

O.IOU 

0.30U 

166.67U 

192.00 u 
1.60U 

573.33 u 

0.27U 

0.50U 

8.00U 

I 



Drum# Site 

066641 RFETS 

066649 RFETS 

066773 RFETS 

066783 RFETS 

066792 RFETS 

066860 RFETS 

066875 RFETS 

066948 RFETS 

066949 RFETS 

066953 RFETS 

066958 RFETS 

067009 RFETS 

067012 RFETS 

067047 RFETS 

067251 RFETS 

067263 RFETS 

067277 RFETS 

067278 RFETS 

067312 RFETS 

067317 RFETS 

067390 RFETS 

067391 RFETS 

067413 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Lead/Cadmium Metal Waste 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro
l,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

116 831 1140.0 u 60.00 u 60.00 u 60.00U 

123 339 1064.0 u 56.00 u 56.00 u 60.65 J 

117 480 16.38 J 0.30 u 0.30 u 0.30U 

116 831 4750.0 u 250.00 u 250.00 u 250.00 u 

116 831 1900.0 u 100.00 u 100.00 u 100.00 u 

116 833 12.16 J 0.20 u 13.02 0.20U 

116 832 1.90 u 0.10 u O.IOU 0.23 J 

116 831 114.00 u 6.00 u 6.00 u 6.00U 

116 831 11.40 u 0.60 u 0.60 u 0.60U 

117 480 20.80 u 3.20 u 1.60 u l.60U 

116 831 12.97 J 0.30 u 0.33 J 0.30U 

112 801 6460.0 u 340.00 u 624.24 J 340.00U 

112 801 17100 u 900.00 u 3386.7 J 900.00U 

111 807 5.58 J 0.20 u l.59 J 0.20U 

117 480 30221 J 2400.0 u 1200.0 u 1200.0 u 

116 831 171.00 u 9.00 u 9.00 u 11.37 J 

116 831 266.00 u 14.00 u 14.00 u 14.00U 

116 831 1.90 u 0.10 u 0.10 u O.IOU 

116 825 3.80 u 0.20 u 0.20 u 0.20U 

117 480 24.15 J 0.53 u 0.27 u 0.27U 

112 801 2470.0 u 130.00 u 330.07 1 130.00 u 

116 833 10.08 J 0.53 u 0.27 u 0.27U 

112 801 14250 u 750.00 u 1446.0 J 750.00 u 

C2- 46 

Acetone 

720.00U 

672.00U 

11.15 J 

3000.0U 

1200.0 u 

20.46 J 

1.20U 

72.00U 

7.20U 

8.00U 

3.60U 

4080.0U 

10800 u 

3.21 J 

6000.0U 

108.00 u 

168.00 u 

1.20U 

2.40U 

11.63 1 

1560.0 u 
1.33 u 

9000.0 u 

Methylene 
Chlo ride 

60.00U 

56.00U 

0.441 

250.00U 

100.00U 

2.49 

O.lOU 

6.00U 

0.60U 

1.60 u 

0.30U 

340.00U 

900.00U 

0.20U 

179752 

9.00U 

14.00 u 

0.53 J 

0.20U 

0.77 J 

130.00 u 
0.53 J 

750.00U 

1,1-Dl
chloro
ethane 

60.00U 

56.00U 

0.30U 

250.00U 

100.00U 

0.20U 

O.IOU 

6.00U 

o.60U 

l.60U 

0.30U 

340.00U 

900.00U 

0.20U 

1200.0U 

10.00J 

14.00U 

0.IOU 

0.20U 

0.27U 

130.00U 

0.27U 

750.00U 

cls-1,2-
Dlchloro
ethene 

60.00U 

56.00U 

0.30U 

250.00U 

100.00U 

0.20U 

0.lOU 

6.00U 

o.60U 

1.60U 

0.30 ll 

340.00U 

900.00U 

0.20U 

1200.0U 

9.00U 

14.00 u 

0.IOU 

0.20U 

0.27U 

130.00 u 
0.27U 

750.00 u 



Drum# Site 

067434 RFETS 

067436 RFETS 

067441 RFETS 

067448 RFETS 

067455 RFETS 

067464 RFETS 

067524 RFETS 

067532 RFETS 

067535 RFETS 

067539 RFETS 

067541 RFETS 

067545 RFETS 

067567 RFETS 

067582 RFETS 

067603 RFETS 

067654 RFETS 

067657 RFETS 

067678 RFETS 

067698 RFETS 

067707 RFETS 

067734 RFETS 

067735 RFETS 

067759 RFETS 

W•ste M•trlx 
Code Group -

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Filter 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal Waste 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Unc•tegorized Metal 

Solidified Inorganics 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, 1,2-Trkhloro-
1,2,2-Trlftuoro 

eth•ne 

1,1-Dl
chloro
ethene Code Code Meth.no! 

111 800 6.06 1 0.80 u 0.491 o.40U 

111 800 5.15 1 0.27 u 0.58 J 0.13 u 
lll 800 5.72 1 0.80 u 0.72 1 0.40U 

116 852 1.90 u 0.10 u 0.10 u O.lOU 

119 490 18.05 1 0.40 u 0.401 0.40U 

116 831 4560.0 u 240.00 u 240.00 u 240.00U 

116 832 368.35 J 18.59 u 18.59 u 18.59U 

123 339 119.70 u 6.30 u 6.30 u 6.30U 

116 831 4.31 1 0.40 u 0.231 0.20U 

112 801 6080.0 u 320.00 u 1238.4 1 320.00U 

116 825 1.90 u 0.10 u 0.10 u O.lOU 

112 801 1710.0 u 90.00 u 227.161 90.00U 

116 831 19.53 1 0.30 u 0.30 u 0.30U 

116 831 87.17 1 0.40 u 0.131 0.40U 

117 480 293.37 1 13.00 u 13.00 u 13.001 

111 800 3.47 u 0.53 u 0.331 0.27U 

111 800 8.88 J 0.53 u 0.66 J 0.27U 

116 825 20.37 J 0.43 u 0.43 u 0.43 u 
116 831 20.80 u 3.20 u 1.60 u l.60U 

116 831 6.50 u 1.00 u 0.50 u 0.50U 

116 831 2090.0 u 110.00 u 110.00 u 252.34 J 

117 480 34.20 u 1.80 u l.80 u 2.041 

116 831 53.20 u 2.80 u 2.80 u 2.80U 

)7 

Acetone 

2.00U 

0.73 J 

2.00U 

l.20U 

67.52 J 

2880.0U 

223.12 u 

75.60U 

l.OOU 

3840.0U 

l.20U 

1080.0U 

10.53 1 

10.791 

156.00U 

l.511 

1.33 u 
11.98 J 

146.01 J 

2.SOU 

1320.0 u 

21.60 u 

33.60 u 

Methylene 
Chloride 

0.101 

0.491 

o.40U 

2.50 

2.091 

240.00U 

18.59 u 

6.30U 

0.20U 

320.00U 

O.lOU 

90.00U 

0.721 

0.40U 

13.00U 

0.47 J 

0.27U 

0.43 u 
239.94 

0.50U 

110.00 u 

I.SOU 

220.86 

1,1-Dl
chloro
eth.ne 

0.40U 

0.13U 

o.40U 

O.lOU 

o.40U 

240.00U 

18.59U 

6.30U 

0.20U 

320.00U 

O.lOU 

90.00U 

0.30U 

0.40U 

13.00U 

0.27U 

0.27U 

0.43U 

l.60U 

0.50U 

110.00U 

I.BOU 

2.80U 

cls-1,2-
Dkhloro
ethene 

0.40U 

0.13 u 
0.40U 

O.lOU 

0.40U 

240.00U 

18.59U 

6.30U 

0.20U 

320.00U 

0.lOU I 

90.00U 

0.30U 

0.40U 

13.00 u 

0.27U 

0.27U 

0.43U 

l.60U 

0.50U 

110.00U 

I.SOU 

2.80U 



Drum# Site 

067764 RFETS 

067766 RFETS 

067781 RFETS 

067908 RFETS 

067929 RFETS 

067989 RFETS 

067994 RFETS 

068044 RFETS 

068096 RFETS 

068247 RFETS 

068248 RFETS 

068250 RFETS 

068254 RFETS 

068256 RFETS 

068276 RFETS 

068277 RFETS 

068377 RFETS 

068460 RFETS 

068480 RFETS 

068486 RFETS 

068514 RFETS 

068538 RFETS 

068600 RFETS 

Waste Matrix 
Code Croup . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Solidified Organics 

Uncategorized Metal 

Lead/Cadmiwn Metal Waste 

Heterogeneous 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, 1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

116 831 26.00 u 4.00 u 2.00 u 2.00U 

116 831 19.50 u 3.00 u I.SOU I.SOU 

116 831 7.13 J 0.30 u 0.30 u 0.30U 

116 832 2.52 J 0.10 u 0.10 u O.IOU 

116 832 1.30 u 0.20 u 0.10 u 0.IOJ 

116 831 9.50 u 0.50 u 0.50 u 0.50U 

116 831 39.51 J 5.33 u 2.67 J 2.67U 

116 825 9.50 u 0.50 u 0.50 u o.sou 
116 821 5.34 J 0.20 u 0.20 u 0.20U 

111 800 1.73 u 0.27 u 0.15 J 0.13 u 
112 801 2850.0 u 150.00 u 566.85 J 150.00U 

112 801 3230.0 u 170.00 u 577.32 J 170.00U 

111 800 3.47 u 0.53 u 0.27 u 0.27U 

111 800 5.20 u 0.80 u 0.50 J 0.40U 

116 852 1.90 u 0.10 u 0.10 u O.IOU 

117 480 10.42 J 0.50 u 0.50 u 0.50U 

117 480 4.24 J 0.40 u 0.20 u 0.20U 

116 832 1.30 u 0.20 u 0.10 u 0.IOU 

111 800 9.99 J 0.20 u 0.10 u 0.IOU 

112 801 2660.0 u 140.00 u 196.98 J 140.00U 

117 480 20.24 J 0.10 u 0.10 u O.IOU 

123 339 1.30 u 0.20 u 0.10 u 0.IOU 

116 825 342.00 u 18.00 u 85.91 J 18.00U 

C2- 48 

Acetone 
10.00 u 
7.50U 

11.63 J 

l.20U 

0.50U 

6.00U 

13.34 u 
6.00U 

2.40U 

0.67U 

1800.0 u 
2040.0U 

2.83 J 

2.00U 

l.20U 

8.70J 

1.36 J 

a.sou 
0.71 J 

1680.0U 

7.15 J 

7.50 J 

216.00U 

Methylene 
Chloride 

298.84 

233.17 

0.49J 

0.75 J 

O.IOU 

0.50U 

2.67U 

o.sou 
0.20U 

0.13U 

150.00 u 
170.00 u 

0.27U 

0.49J 

1.38 

O.SOU 

0.20U 

O.IOU 

4.09 

140.00 u 
O.IOU 

0.47 J 

18.00 u 

1,1-Dl
chloro
ethane 

2.00U 

I.SOU 

0.30U 

O.IOU 

O.IOU 

0.50U 

2.67U 

0.50U 

0.20U 

0.13U 

150.00U 

170.00U 

0.27U 

0.40U 

0.16J 

o.sou 
0.20U 

0.IOU 

0.IOU 

140.00U 

O.IOU 

O.IOU 

18.00U 

cls-1,2-
Dlchloro
ethene 

2.00U 

I.SOU 

0.30U 

O.IOU 

O.IOU 

0.50U 

2.67U 

0.50U 

0.20U 

0.13U 

150.00Ui 

170.00U 

0.27U 

OAOU 

0.IOU 

o.sou 
0.20U 

0.IOU 

0.IOU 

140.00U 

O.IOU 

O.IOU 

18.00U 



Drum# Site 

068601 RFETS 

068702 RFEfS 

068724 RFEfS 

068756 RFEfS 

068885 RFEfS 

068896 RFEfS 

068975 RFEfS 

068999 RFEfS 

069091 RFEfS 

069095 RFEfS 

069113 RFETS 

069250 RFETS 

069287 JlFEfS 

069306 RFETS 

069312 RFETS 

069364 RFETS 

069400 RFETS 

069406 RFETS 

069413 RFEfS 

069418 RFEfS 

069431 RFEfS 

069518 RFETS 

069602 RFETS 

W•ste M•trlx 
Code Group . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,l-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-TrlOuoro chloro-

Code Code Meth.no! eth•ne ethene 
116 825 133.00 u 7.00 u 40.26 J 7.00U 

116 833 1.90 u 0.10 u 0.11 J O.lOU 

116 831 3420.0 u 180.00 u 180.00 u 180.00 u 

116 831 2.60 u 0.40 u 0.20 u 0.20U 

116 831 760.00 u 40.00 u 40.00 u 40.00U 

116 831 4047.0 u 213.00 u 213.00 u 335.05 J 

112 801 10260 u 540.00 u 553.50 J 540.00U 

116 821 7.60 u 0.40 u 0.40 u 0.40U 

116 825 9.50 u 0.50 u 0.50 u 0.50U 

116 833 10.26 u 0.54 u 0.54 u 0.54U 

116 831 912.00 u 48.00 u 49.20 J 48.00J 

116 833 4.29 J 0.10 u 0.11 J O.lOU 

116 821 2622.0 u 138.00 u 138.00 u 138.00U 

112 801 4750.0 u 250.00 u 250.00 u 250.00U 

111 800 8.61 J 0.80 u 0.47 J 0.40U 

116 833 18.66 J 0.30 u 0.30U 0.30U 

116 831 703.00 u 37.00 u 37.00 u 37.00U 

116 831 950.00 u 50.00 u 50.00 u 50.00U 

116 831 11.40 u 0.60 u 0.60 u 0.60U 

116 831 1884.0 J 73.40 u 73.40 u 73.40U 

116 831 693.33 u 106.67 u 53.33 u 53.33 u 

116 833 10.34 J 0.20 u 0.20 u 0.20U 

116 821 19.00 u 1.00 u 1.00 u l.OOU 

:9 

Acetone 
84.00U 

l.20U 

2160.0 u 

l.OOU 

480.00U 

2556.0 u 

6480.0U 

14.03 J 

6.00U 

6.48U 

576.00U 

2.15 J 

1656.0 u 

3000.0U 

2.00U 

15.17 J 

444.00U 

600.00U 

7.20U 

880.80 u 

266.67 u 

2.40 u 

12.00 u 

Methylene 
Chloride 

7.00U 

O.lOU 

180.00U 

0.20U 

40.00U 

213.00 u 

540.00U 

0.74J 

0.50U 

0.54U 

48.00U 

O.lOU 

138.00U 

250.00U 

0.40U 

0.30U 

37.00U 

50.00 u 

0.60U 

73.40U 

53.33 u 

0.20U 

l.OOU 

1,1-Dl
chloro
eth•ne 

7.00U 

O.lOU 

180.00U 

0.20U 

40.00U 

213.00U 

540.00U 

OAOU 

0.50U 

0.54U 

48.00U 

O.lOU 

138.00U 

250.00U 

OAOU 

0.30U 

37.00U 

50.00U 

0.60U 

73.40U 

53.33U 

0.20U 

l.OOU 

cls-1,2-
Dlchloro
ethene 

7.00U 

O.lOU 

180.00U 

0.20U 

40.00U 
-

213.00U 

540.00U 

0.40U 

0.50U 

0.54U 

48.00U I 

O.lOU 

138.00U 

250.00 u 

0.40U 

0.30U 

37.00U 

50.00U 

0.60U 

73.40U 

53.33 u 

0.20U 

l.OOU 



Drum# Site 

069759 RFETS 

069855 RFETS 

069877 RFETS 

069883 RFETS 

069975 RFETS 

070063 RFETS 

070077 RFETS 

070229 RFETS 

070353 RFETS 

070370 RFETS 

070379 RFETS 

070383 RFETS 

070446 RFETS 

070448 RFETS 

070455 RFETS 

070543 RFETS 

070661 RFETS 

070669 RFETS 

070675 RFETS 

070682 RFETS 

070696 RFETS 

070734 RFETS 

070780 RFETS 

W•ste M•trlx 
Code Group . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Filter 

Unc•tegorized Metal 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1, 1,2-Trlchloro-
1,2,2-Trltluoro 

eth•ne 

1,1-Dl
chloro
ethene Code Code Meth.uol 

116 833 5.84 J 0.30 u 0.30 u 0.461 

116 833 25.25 J 0.20 u 0.20 u 0.20U 

116 825 13.44 J 0.50 u 0.50 u 0.50U 

116 825 5.70 u 0.30 u 0.30 u 0.30U 

116 821 13.30 u 0.70 u 0.70U 0.70U 

116 821 9.69 u 0.51 u 0.85 J 0.51 u 

116 831 1140.0 u 60.00 u 60.00 u 60.00U 

116 831 5.41 J 0.20 u 0.20 u 0.20U 

116 833 6.79 J 0.20 u 0.20 u 0.20U 

116 821 14.73 J 0.30 u 0.30 u 0.30U 

116 833 6.20 J 0.10 u 0.10 J O.IOU 

116 833 3.80 u 0.20 u 0.20 u 0.20U 

117 480 19.29 J 2.00 u 16.42 l.OOU 

116 831 2850.0 u 150.00 u 150.00 u 150.00U 

116 831 13.30 u 0.70 u 1.07 J 0.70U 

112 801 15732 u 828.00 u 7954.6 J 828.00U 

0 331 8.58 J 1.20 u 0.60 u 0.60U 

117 480 41.70 J 0.10 u 0.10 u 0.16 J 

112 801 10.25 J 0.10 u 0.10 u 0.42 J 

116 831 855.00 u 45.00 u 45.00 u 45.00U 

116 821 57.57 J 0.60 u 0.60 u 0.60U 

116 833 2.14 J 0.20 u 0.10 u 0.IOU 

116 832 1.30 u 0.20 u 0.10 u O.IOU 

C2- 50 

Acetone 

3.60U 

6.60J 

12.09 J 

5.97 J 

8.40U 

6.12 u 

720.00U 

2.40U 

2.40U 

7.78 J 

l.20U 

2.40U 

17.99 J 

1800.0 u 

8.40U 

9936.0U 

227.94 J 

1.20U 

17.69 J 

540.00 u 

7.20U 

0.50U 

0.50U 

Methylene 
Chloride 

0.30U 

0.20U 

0.50U 

0.30U 

0.70U 

0.51 u 

60.00U 

0.20U 

0.20U 

3.02 

O.IOU 

0.20U 

1.14 J 

150.00U 

0.80J 

828.00 u 

0.60U 

O.IOU 

O.IOU 

45.00 u 

0.60 u 

O.IOU 

O.IOU 

1,1-Dl
chloro
eth.ue 

0.30U 

0.20U 

0.50U 

0.30U 

0.70U 

0.51 u 

60.00U 

0.20U 

0.20U 

0.30U 

O.IOU 

0.20U 

1.00U 

150.00U 

0.70U 

828.00U 

0.60U 

O.lOU 

0.17 J 

45.00U 

0.60U 

0.IOU 

O.IOU 

cls-1,2-
Dlchloro
ethene ------

0.30U 

0.20U 

0.50U 

0.30U 

0.70U 

0.51 u 

60.00U 

0.20U 

0.20U 

0.30U 

O.IOU1 

0.20U 

1.00 u 

150.00 u 

0.70U 

828.00 u 

0.60U 

O.IOU 

0.42 J 

45.00 u 

0.60U 

O.IOU 

O.IOU 



Drum# Site 

070856 RFETS 

070882 RFETS 

070937 RFETS 

071019 RFETS 

071020 RFETS 

071022 RFETS 

071241 RFETS 

071351 RFETS 

071354 RFETS 

071385 RFETS 

071494 RFETS 

071504 RFETS 

071514 RFETS 

071521 RFETS 

071638 RFETS 

071804 RFETS 

071829 RFETS 

071838 RFETS 

071921 RFETS 

071932 RFETS 

071933 RFETS 

071934 RFETS 

071936 RFETS 

W•ste M•trlx 
Code Group -

Heterogeneous 

Heterogeneous 

Filter 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

1,1,2-Trlcbloro- l,1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-Trlfluoro chloro-

Code Code Meth.uol eth•ne ethene 

116 833 1.90 u 0.10 u 0.10 u 0.IOU 

116 831 266.00 u 14.00 u 14.00 u 22.741 

0 331 6.50 u 1.00 u 0.50 u 0.50U 

112 801 24.70 u 1.30 u 1.30 u 2.481 

112 801 17318 u 911.50 u 4880.l 1 911.SOU 

112 801 15600 u 2400.0 u 3597.6 1 1200.0 u 

116 833 2.33 1 0.20 u 0.10 u O.IOU 

117 480 3.81 1 0.20 u 0.10 u 0.IOU 

117 480 2.70 1 0.20 u 0.10 u O.IOU 

116 833 10.75 1 0.30 u 0.30 u 0.30U 

112 801 7.11 1 0.10 u 0.10 u 0.151 

112 801 3.80 u 0.20 u 0.20 u 0.20U 

116 833 3.80 u 0.20 u 0.20 u 0.20U 

116 825 3.80 u 0.20 u 0.20 u 0.20U 

117 480 13.00 u 2.00 u 1.00 u l.OOU 

116 832 1.89 1 0.20 u 0.10 u O.IOU 

116 852 4180.0 u 220.00 u 220.00 u 220.00U 

116 831 144.40 u 7.60 u 442.97 7.60U 

116 833 24.57 1 0.20 u 0.10 u 0.IOU 

112 801 82991 u 4367.9 u 7014.9 1 4367.9 u 

112 801 10.20 1 0.20 u 0.10 u 0.IOU 

112 801 13.70 1 0.20 u 0.10 u O.IOU 

116 833 411.67 u 21.67 u 85.52 1 59.76 J 

(; 

Acetone 

1.65 J 

168.00 u 
374.161 

15.60 u 

10938 u 
6000.0U 

0.50U 

5.901 

0.50U 

3.60U 

7.801 

7.961 

2.40U 

2.40U 

5.00U 

4.231 

2640.0U 

91.20 u 

1.67 1 

52415 u 

4.941 

9.11 J 

260.00U 

Methylene 
Chloride 

O.IOU 

14.00 u 
0.50U 

l.30U 

911.SOU 

1200.0 u 

O.lOU 

0.251 

0.lOU 

0.30U 

O.IOU 

0.20U 

0.20U 

0.20U 

l.OOU 

1.17 

29668 

7.60U 

0.IOU 

4367.9 u 

O.IOU 

0.IOU 

21.67 u 

1,1-Dl
chloro
eth.ue 

O.lOU 

14.00U 

0.50U 

l.30U 

911.SOU 

1200.0U 

O.IOU 

0.IOU 

O.IOU 

0.30U 

O.IOU 

0.20U 

0.20U 

0.20U 

l.OOU 

0.261 

220.00U 

7.60U 

0.IOU 

4367.9U 

0.IOU 

O.IOU 

21.67U 

ds-1,2-
Dlchloro
ethene 

O.IOU 

14.00U 

0.50U 

l.30U 

911.50 u 
1200.0 u 

O.lOU 

O.lOU 

O.lOU 

0.30U 

0.231 

0.20U 

0.20U 

0.20U 

l.OOU 

O.lOU 

220.00U 

7.60U 

O.lOU 

4367.9U 

0.IOU 

0.IOU 

21.67 u 



Drum# Site 

071937 RFETS 

071938 RFETS 

071940 RFETS 

071941 RFETS 

072010 RFETS 

072079 RFETS 

072127 RFETS 

072128 RFETS 

072131 RFETS 

072132 RFETS 

072133 RFETS 

072136 RFETS 

072139 RFETS 

072178 RFETS 

072186 RFETS 

072195 RFETS 

072255 RFETS 

072267 RFETS 

072293 RFETS 

072333 RFETS 

072339 RFETS 

072347 RFETS 

072375 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

116 833 433.33 u 66.67 u 74.43 1 33.33 u 

116 833 34.20 u 1.80 u 1.80 u I.SOU 

112 801 19000 u 1000.0 u 3580.0 1 1000.0 u 

112 801 19000 u 1000.0 u 8276.0 1 1000.0U 

116 832 38.55 1 0.60 u 0.30 u 0.30U 

117 480 123.50 u 6.50 u 6.50 u 6.50U 

112 801 7.60 u 0.40 u 0.40 u 0.421 

112 801 6359.9 1 130.00 u 130.00 u 130.00 u 

116 833 3.47 u 0.53 u 0.27 u 0.27U 

112 801 1612.4 1 96.00 u 48.00 u 48.00U 

112 801 4.48 1 0.20 u 0.20 J 0.20U 

112 801 399.00 u 21.00 u 21.00 u 21.00 u 

112 801 36.10 u 1.90 u 1.90 u 1.90 u 

116 821 5.70 u 0.30 u 0.30 u 0.30U 

116 821 16.26 J 0.20 u 0.20 u 0.20U 

116 833 15.12 J 0.10 u 0.30 J O.IOU 

116 833 25.68 J 0.30 u 0.30 u 0.30U 

111 800 1.30 u 0.20 u 0.15 J O.IOU 

116 833 6.63 J 0.10 u 0.14 J O.lOU 

116 831 5.70 u 0.30 u 0.30 u 0.30 u 

116 821 9.50 u 0.50 u 0.50 u 0.50 u 

116 833 8.58 J 0.10 u 0.10 u O.IOU 

116 831 1520.0 u 80.00 u 80.00 u 80.00 u 

C2- 52 

Acetone 

166.67 u 

21.60 u 

12000 u 

12000U 

17.911 

78.00U 

4.80U 

4542.01 

2.441 

283.061 

3.54 J 

252.00 u 

24.65 J 

3.60U 

2.40U 

6.84 J 

9.46 J 

0.50 u 

16.50 J 

3.60U 

6.00U 

3.45 J 

960.00 u 

Methylene 
Chloride 

33.33 u 

I.SOU 

1000.0U 

1000.0U 

0.30U 

6.50U 

o.40U 

2721.4 

0.27U 

8080.9 

0.20U 

665.70 

22.74 

0.30U 

0.21 J 

0.251 

0.30U 

0.IOU 

0.77 J 

0.30U 

0.50U 

0.89 J 

80.00U 

1,1-Dl
chloro
ethane 

33.33 u 

l.80U 

1000.0U 

1000.0U 

0.30U 

6.50U 

0.40U 

130.00U 

0.27U 

48.00U 

0.20U 

21.00U 

l.90U 

0.30U 

0.20U 

0.lOU 

0.30U 

0.11 J 

0.17 J 

0.30U 

0.50U 

0.lOU 

80.00U 

cls-1,2-
Dlchloro
ethene 

33.33 u 

I.SOU 

1000.0 u 

1000.0U 

0.30U 

6.50U 

o.40U 

130.00U 

0.27U 

48.00U 

0.20U1 

21.00 u 

1.90U 

0.30U 

0.20U 

0.11 J 

0.30U 

O.IOU 

O.IOU 

0.30U 

0.50U 

O.lOU 

80.00 u 



Drum# Site 

072434 RFETS 

072436 RFETS 

072542 RFETS 

072545 RFETS 

072546 RFETS 

072566 RFETS 

072598 RFETS 

072618 RFETS 

072619 RFETS 

072623 RFETS 

072631 RFETS 

072632 RFETS 

072673 RFETS 

072819 RFETS 

072822 RFETS 

072831 RFETS 

072887 RFETS 

072923 RFETS 

072932 RFETS 

073054 RFETS 

073074 RFETS 

073117 RFETS 

073123 RFETS 

Waste Matrix 
Code Group . 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,l,2-Trkhloro-
1,2,2-Trlfluoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

116 831 3990.0 u 210.00 u 210.00 u 210.00U 

117 480 66.00 1 0.60 u 0.30 u 0.30U 

116 832 130.00 u 20.00 u 10.00 u 10.00 u 
111 800 2.46 1 0.20 u 0.10 u 0.IOU 

116 832 195.00 u 30.00 u 15.00 u 15.00 u 
112 801 15.20 u 0.80 u 0.80U 0.80U 

116 821 11.40 u 0.60 u 4.11 1 0.60U 

116 833 2.83 1 0.10 u 0.10 u O.lOU 

112 801 1.90 u 0.10 u 0.10 u 0.IOU 

112 801 6.50 u 1.00 u 0.50 u 0.50U 

112 801 1.90 u 0.10 u 0.10 u 0.341 

112 801 2.64 1 0.10 u 0.10 u 0.291 

116 833 17.92 1 0.20 u 1.291 0.421 

116 833 29.08 1 0.40 u 0.40 u 0.40U 

116 831 3.47 u 0.53 u 0.81 1 0.27U 

117 480 52.00 u 8.00 u 4.00 u 4.00U 

116 833 1.90 u 0.10 u 0.10 u O.lOU 

116 833 54.23 1 0.40 u 0.40 u o.40U 

116 825 8.68 1 0.30 u 0.30 u 0.30U 

0 336 1473.3 u 226.67 u 113.33 u 113.33 u 
116 833 75.28 1 0.20 u 0.20 u 0.201 

117 480 5.20 U 0.80 u 0.40 u o.40U 

116 831 2394.0 u 126.00 u 126.00 u 880.241 

c 

Acetone 

2520.0U 

2.601 

50.00U 

0.521 

75.00U 

21.821 

7.20U 

l.20U 

314.001 

6.191 

6.461 

8.421 

18.02 J 

7.141 

1.34 u 
20.00U 

l.20U 

17.221 

3.60U 

566.67 u 
9.611 

2.00U 

1512.0 u 

Methylene 
Chloride 

210.00 u 
0.30U 

10.00U 

O.IOU 

15.00U 

0.80U 

o.60U 

O.lOU 

O.lOU 

0.50U 

O.lOU 

O.lOU 

0.20U 

0.40U 

0.27U 

4.00U 

O.lOU 

0.40U 

0.30U 

508.19 u 

1.001 

0.40U 

126.00 u 

1,1-Dl
chloro
ethane 

210.00U 

0.30U 

10.00U 

O.IOU 

15.00U 

0.80U 

0.60U 

O.lOU 

O.lOU 

0.50U 

0.lOU 

O.lOU 

0.20U 

0.40U 

0.27U 

4.00U 

O.lOU 

o.40U 

0.30U 

ll3.33U 

0.20U 

0.40U 

126.00U 

ds-1,2-
Dlchloro
ethene 

210.00 u 
0.30U 

10.00U 

O.lOU 

15.00U 

0.80U 

0.60U 

O.lOU 

O.lOU 

0.50U 

0.lOU 

O.lOU 

0.261 

0.40U 

0.27U 

4.00U 

0.IOU 

0.40U 

0.30U 

113.33 u 

0.20U 

0.40U 

126.00U 



Drum# Site 

073134 RFETS 

073136 RFETS 

073274 RFETS 

073285 RFETS 

073293 RFETS 

073295 RFETS 

073296 RFETS 

073301 RFETS 

073605 RFETS 

073632 RFETS 

073667 RFETS 

073672 RFETS 

073745 RFETS 

073828 RFETS 

073848 RFETS 

073987 RFETS 

074007 RFETS 

074110 RFETS 

074147 RFETS 

074156 RFETS 

074374 RFETS 

074683 RFETS 

074904 RFETS 

Waste Matrix 
Code Group . 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Lead/Cadmiwn Metal Waste 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmiwn Metal Waste 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

l,1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

116 831 936.00 u 144.00 u 72.00 u 72.00U 

111 807 2.19 J 0.20 u 0.10 u O.lOU 

116 831 950.00 u 50.00 u 50.00 u 50.00U 

112 801 7.06 J 0.10 u 0.10 J 0.14 J 

112 801 3.27 J 0.10 u 0.22 J 0.33J 

112 801 6.58 J 0.10 u 0.10 u 0.21 J 

112 801 1.90 u 0.10 u 0.96 J 0.14 J 

112 801 lo.40 J 0.20 u 0.20U l.24 J 

123 339 l.30 u 0.20 u 0.15 J O.IOU 

116 825 13.30 u 0.70 u 0.70 u 0.70U 

112 801 2.64 J 0.10 u 0.10 u O.lOU 

112 801 4.94 J 0.10 u 0.10 u 0.22J 

116 832 1.89 J 0.20 u 0.10 J O.IOU 

116 833 l.90 u 0.10 u 0.10 u O.lOU 

116 821 2.80 J 0.13 u 0.13 u 0.13 u 
123 339 3.90 u 0.60 u 20.72 0.30U 

117 480 11.47 J 0.60 u 0.30 u 0.30U 

116 833 1.90 u 0.10 u 0.14 J O.lOU 

112 801 15.20 u 0.80 u 6.00 J 1.82 J 

112 801 11.40 u 0.60 u 4.17 J 1.92 J 

116 833 4.98 J 0.20 u 0.16 J O.lOU 

116 821 28.50 u I.SOU 1.50 u 0.15 u 

116 832 2.60 J 0.20 u O.IOU O.IOU 

C2- 54 

Acetone 
360.00U 

o.sou 
600.00U 

5.84 J 

l.20U 

3.42 J 

l.20U 

8.20 J 

5.07 J 

8.40U 

5.79 J 

l.20 u 
11.29 J 

1.20 u 
l.60 u 
4.47 J 

6.01 J 

l.20U 

9.60U 

7.20U 

0.94 J 

18.00 l; 

0.83 J 

Methylene 
Chloride 

72.00U 

O.lOU 

50.00U 

O.lOU 

O.lOU 

O.IOU 

0.25 J 

0.20U 

0.15 J 

0.70U 

O.IOU 

O.lOU 

O.IOU 

O.lOU 

0.13 u 
0.30U 

0.30U 

O.lOU 

3.15 J 

3.65 J 

O.IOU 

1.50 u 

O.IOU 

1,1-Dl
chloro
ethane 

72.00U 

O.lOU 

50.00U 

O.lOU 

O.lOU 

O.lOU 

0.12 J 

0.20U 

O.lOU 

0.70U 

O.IOU 

O.IOU 

O.IOU 

O.IOU 

0.13 u 
0.30U 

0.30U 

O.lOU 

2.121 

2.15 J 

O.lOU 

I.SOU 

O.IOU 

cls-1,2-
Dlchloro
ethene 

72.00U 

O.lOU 

50.00U 

O.IOU 

O.lOU 

O.lOU 

O.lOU 

0.20U 

0.lOU 

0.70U 

O.IOU 

O.IOU 

O.lOU 

O.lOU 

0.13 u 
0.30U 

0.30U 

O.lOU 

0.80U 

0.60U 

O.lOU 

1.50U 

O.IOU 



Drum# Site 

074913 RFETS 

075039 RFETS 

075265 RFETS 

075267 RFETS 

075278 RFETS 

075399 RFETS 

075564 RFETS 

075868 RFETS 

075888 RFETS 

075926 RFETS 

075930 RFETS 

075947 RFETS 

075976 kFETS 

076044 RFETS 

076050 RFETS 

076054 RFETS 

076098 RFETS 

076135 RFETS 

076136 RFETS 

076138 RFETS 

076142 RFETS 

076143 RFETS 

076144 RfETS 

W•ste M•trlx 
Code Group -

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Orpnics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified Inorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-TrlOuoro chloro-

Code Code Meth•nol eth•ne ethene 

116 832 5.70 u 0.30 u 0.30 u 0.30U 

116 832 158.92 J 0.30 u 0.30 u 0.30U 

116 833 63.88 J 1.20 u 0.12 u 0.12U 

116 832 3.80 u 0.20 u 0.20U 0.20U 

116 832 17.98 J 0.30 u 0.30 u 0.30U 

116 833 7.60 u 0.40 u 0.40 u D.40U 

116 825 4.47 J 0.13 u 0.13 u 0.13 u 

116 825 11.40 u 0.60 u 0.60 u 0.60U 

116 833 7.77 J 0.10 u 0.12 J O.lOU 

116 832 7.60 u 0.40 u 0.40U D.40U 

116 832 1300.0 u 200.00 u 100.00 u 100.00 u 

116 832 5.27 J 0.10 u 0.10 u O.lOU 

116 833 5.57 J 0.27 u 0.13 u 0.13 u 

116 831 18.17 J 0.27 u 0.27 u 0.27U 

116 832 1.90 u 0.10 u 0.10 u 0.10 J 

116 831 5.70 u 0.30 u 0.30U 0.30U 

116 832 2.60 u 0.40 u 0.20U 0.20U 

112 801 346.67 u 53.33 u 26.67 u 26.67U 

Ill 803 5.20 u 0.80 u 1.30 J 1.42 J 

111 800 1.30 u 0.20 u 0.10 u O.IOU 

Ill 800 3.12 u 0.48 u 0.66 J 0.24U 

111 803 3.90 u 0.60 u 0.90 J 0.961 

111 800 8.67 u 1.33 u 0.67 u 0.98 J 

5 

Acetone 

43.43 J 

35.16 J 

19.11 J 

2.92 J 

10.17 J 

4.80U 

l.60U 

7.20U 

4.92 J 

4.80U 

500.00 J 

2.82 J 

0.67U 

4.29J 

1.20U 

3.60U 

4.22 J 

133.34 u 

2.00U 

0.50 u 

5.55 J 

1.SOU 

3.34 u 

Methylene 
Chloride 

0.33 J 

0.30U 

l.20U 

0.20U 

1.50 J 

0.40U 

0.13 u 

Q.60U 

O.lOU 

D.40U 

100.00U 

O.lOU 

0.13 u 

0.27U 

O.IOU 

0.30U 

0.20U 

26.67U 

5.00 

O.IOU 

0.24U 

3.26 

1.50 J 

1,1-Dl
cbloro
eth•ne 

0.30U 

0.30U 

l.20U 

0.20U 

0.30U 

D.40U 

0.13U 

0.60U 

O.IOU 

0.40U 

100.00U 

O.lOU 

0.13U 

0.27U 

O.IOU 

0.30U 

0.20U 

26.67U 

D.40U 

O.lOU 

0.24U 

0.30U 

0.67U 

ds-1,2-
Dlchloro
ethene 

0.30U 

0.39J 

1.20U 

0.20U 

0.30U 

0.40U 

0.13U 

0.60U 

O.lOU 

D.40U 

100.00U I 

O.lOU 

0.13U 

0.27U 

0.IOU 

0.30U 

0.20U 

26.67U 

0.40U 

0.lOU 

0.24U 

0.30U 

0.67U 



Drum# Site 

076146 RFETS 

076147 RFETS 

076182 RFETS 

076183 RFETS 

076185 RFETS 

076187 RFETS 

076189 RFETS 

076192 RFETS 

076194 RFETS 

076195 RFETS 

076196 RFETS 

076199 RFETS 

076200 RFETS 

076203 RFETS 

076205 RFETS 

076206 RFETS 

076217 RFETS 

076282 RFETS 

076283 RFETS 

076287 RFETS 

076293 RFETS 

076302 RFETS 

076303 RFETS 

Waste Matrix 
Code Group . 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Solidified Inorganics 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

Solidified lnorganics 

Solidified lnorganics 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-TrlOuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

0 292 1.30 u 0.20 u 0.10 u O.IOU 

111 803 1.90 u 0.10 u 1.66 0.25 I 

111 800 13.30 u 0.70 u 4.07 1 0.70U 

111 800 1.73 u 0.27 u 0.47 1 0.181 

111 800 1.30 u 0.20 u 0.12 1 0.IOU 

111 803 6.50 u 1.00 u 1.56 1 1.441 

111 803 26.00 u 4.00 u 2.00 u 4.641 

111 803 1.30 u 0.20 u 0.32 1 O.IOU 

111 800 1.30 u 0.20 u 0.10 u O.IOU 

112 801 9120.0 u 480.00 u 480.00 u 480.00U 

112 801 3732.5 1 333.33 u 2042.3 166.67U 

111 800 1.30 u 0.20 u 0.19 1 0.IOU 

112 801 8233.3 u 1266.6 u 2371.8 1 633.33 u 

112 801 2903.3 u 446.67 u 283.41 1 223.33 u 

Ill 800 1.30 u 0.20 u 0.10 u O.IOU 

Ill 803 5.20 u 0.80 u 0.51 1 0.141 

116 833 20.84 1 2.00 u 60.66 l.OOU 

111 800 147.33 u 22.67 u 39.18 1 11.33 u 

112 801 1170.0 u 180.00 u 90.00 J 90.00U 

111 800 69.33 u 10.67 u 14.69 J 5.33 u 

116 833 7.60 u 0.40 u 0.40 u 0.40U 

111 800 39.00 u 6.00 u 3.00 u 3.00U 

111 803 3.47 u 0.53 u 1.03 J 1.64 J 

C2- 56 

Acetone 

0.50U 

4.531 

8.40U 

0.921 

0.501 

2.50U 

10.00 u 

0.50U 

0.50U 

5760.0U 

833.34 u 

0.50U 

3166.6 u 

lll6.6 u 

0.50U 

2.00U 

7.671 

56.67U 

450.00 u 

26.67 u 

4.80U 

15.00 u 

5.51 J 

Methylene 
Chloride 

O.IOU 

0.IOU 

0.70U 

0.37 I 

O.IOU 

6.37 

12.57 1 

O.IOU 

O.IOU 

480.00U 

166.67 u 

O.IOU 

633.33 u 

223.33 u 

0.IOU 

4.19 

1.00U 

11.33 u 

90.00U 

5.33 u 

0.40U 

3.00U 

1.98 J 

1,1-Dl
chloro
ethane 

O.IOU 

0.201 

0.70U 

0.13U 

0.IOU 

0.50U 

2.00U 

O.IOU 

O.IOU 

480.00U 

166.67U 

O.IOU 

633.33U 

223.33U 

O.IOU 

OAOU 

l.OOU 

11.33 u 

90.00U 

5.33U 

OAOU 

3.00U 

0.27U 

cls-t,2-
Dlchloro
ethene 

0.IOU 

O.IOU 

0.70U 

0.13 u 

O.IOU 

0.50U 

2.00U 

O.IOU 

O.lOU 

480.00U 

166.67U 
' 

O.IOU 

633.33 u 

223.33 u 

0.IOU 

0.40U 

1.00U 

11.33 u 

90.00U 

5.33 u 

0.40U 

3.00U 

0.27U 



Drum# 

076305 

076306 

076362 

076406 

076437 

076443 

076452 

076454 

076456 

076461 

076463 

076470 

076587 

076596 

076627 

076630 

076635 

076652 

076677 

076710 

076712 

076715 

076811 

Site 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

Waste Matrix 
Code Group -

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,2-Trlchloro- 1,1-Dl-
TruCon IDC Ethyl 

Ether 
1,2,2-TrlOuoro chloro-

Code Code Methanol ethane ethene 
Ill 800 156.00 u 24.00 u 22.21 J 12.00 u 
116 833 18.88 J 0.80 u 1.15 J 0.80U 

116 833 97.62 J 13.33 u 13.46 J 6.67U 

116 831 1.90 u 0.10 u 0.16 J O.lOU 

116 833 3.80 u 0.20 u 0.20 u 0.20U 

116 825 16.85 J 0.30 u 0.30U 0.30U 

116 825 14.20 J 0.20 u 0.20U 0.20U 

116 825 1.90 u 0.10 u 0.10 u 0.IOU 

116 825 11.80 J 0.10 u 0.10 u O.IOU 

116 825 5.70 u 0.30 u 0.30U 0.30U 

116 825 5.70 u 0.30 u 0.30 u 0.30U 

111 803 1.30 u 0.20 u 0.42 J O.IOU 

116 825 1.90 u 0.10 u 0.14 J 0.12 J 

116 825 25.44 J 0.10 u 0.11 J 0.181 

116 825 1.90 u 0.10 u 0.10 J O.lOU 

116 825 14.78 J 0.10 u 0.10 u 0.11 J 

116 825 3.80 u 0.20 u 0.20 u 0.20U 

116 833 6.87 J 0.20 u 0.10 u O.lOU 

111 800 45.60 u 2.40 u 2.53 J 7.61 J 

116 833 38.00 u 2.00 u 2.51 J 2.00U 

116 833 11.83 J 0.30 u 0.30 u 0.30U 

116 832 4.34 J 0.20 u 0.20 u 0.20U 

116 832 3.80 u 0.20 u 0.20U 0.20U 

c -7 

Acetone 
60.00U 

9.60U 

33.34 u 
l.20U 

2.40U 

3.60U 

2.00U 

1.20 u 
l.20U 

3.60U 

3.60U 

0.50U 

1.20U 

2.27 J 

l.20U 

3.66 J 

2.40U 

0.57 J 

28.80U 

24.00U 

106.59 J 

2.40 li 

3.95 J 

Methylene 
Chloride 

12.00 u 
0.80U 

6.67U 

O.lOU 

0.201 

0.30U 

0.20U 

O.lOU 

O.IOU 

0.30U 

0.30U 

O.IOU 

0.17 J 

0.25 J 

O.IOU 

0.17 J 

0.21 J 

O.IOU 

6.65 J 

2.00U 

1.80 J 

0.20U 

0.20U 

1,1-Dl
chloro
ethane 

12.00U 

0.80U 

6.67U 

O.IOU 

0.20U 

0.30U 

0.20U 

O.IOU 

O.IOU 

0.30U 

0.30U 

O.IOU 

O.lOU 

O.lOU 

O.lOU 

O.lOU 

0.20U 

O.lOU 

2.40U 

2.00U 

0.30U. 

0.20U 

0.20U 

cls-1,2-
Dlchloro
ethene 

12.00 u 
0.80U 

6.67U 

O.lOU 

0.20U 

0.30U 

0.20U 

O.IOU 

O.lOU 

O.JOU 

0.30U 

O.IOU 

O.lOU 

O.lOU 

O.lOU 

O.lOU 

0.20U 

O.lOU 

2.40U 

2.00U 

0.30U 

0.20U 

0.20U 



Drum# 

076908 

076911 

077088 

077227 

077285 

077621 

080765 

080772 

080774 

080776 

Site 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

RFETS 

WHte Matrix 
Code Group -

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Ethyl 
Ether 

1,1,2-Trlchloro-
1,2,2-Trlnuoro 

ethane 

1,1-Dl
chloro
ethene Code Code Methanol 

116 833 53.56 J 0.10 u 6.99 O.IOU 

116 832 2.60 u 0.40 u 0.20 u 0.20U 

116 833 11. 76 J 0.40 u 0.20 u 0.20U 

116 833 5.20 U 0.80 u 0.40 u 0.40U 

116 833 3.80 u 0.20 u 0.20 u 0.20U 

0 336 3.47 u 0.53 u 6.22 0.27U 

116 833 3.80 u 0.20 u 0.30 J 0.20U 

116 833 19.00 u 1.00 u 1.00 u l.OOU 

116 833 58.90 u 3.10 u 4.13 J 3.IOU 

116 832 24.39 J 0.10 u 0.10 u 0.13 J 

C2- 58 

Acetone 
l.20U 

1.00 u 

1.00 J 

2.00U 

4.60 J 

1.34 u 

2.40U 

12.00 u 

37.20 u 

39.82 J 

Methylene 
Chloride 

0.IOU 

0.20U 

0.20U 

0.40U 

0.20U 

0.27U 

0.20U 

l.OOU 

3.IOU 

1.68 

1,1-Dl
chloro
ethane 

0.IOU 

0.20U 

0.20U 

0.40U 

0.20U 

0.27U 

0.20U 

l.OOU 

3.IOU 

0.51J 

cls-1,2-
Dlchloro
ethene 

O.IOU 

0.20U 

0.20U 

0.40U 

0.20U 

0.27U 

0.20U 

l.OOU 

3.lOU 

O.lOU 



Drum# Site 

00036S RFETS 
000371 INEL 

000373 INEL 

000384 RFETS 
000393 INEL 

000401 RFETS 
000403 INEL 

00040S RFETS 
000436 INEL 

000442 INEL 

000446 RFETS 
000478 RFETS 
OOOSOI INEL 

OOOSS8 INEL 

OOOS61 RFETS 
000568 RFETS 
000593 INEL 

000613 INEL 

000630 INEL 

000648 RFETS 
000675 RFETS 
000823 RFETS 
000828 INEL 

001016 INEL 

001024 INEL 

Waste Matrix 
Code Group -

Uncategorized Metal 

Graphite 

Graphite 

Uncategorized Metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Heterogeneous 

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Graphite 

Graphite 

Graphite 

Table Cl-4 
WIPP WASTE CBARACTERIZA TION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

217 480 17.00 u 12.00 u 1600.0 J 17.00U 11.00 u 
215 300 17.00 u 0.03 u 9.20 0.03 u 0.10 J 

215 300 17.00 u 0.01 u 0.66 J 0.02U 0.03 J 

217 320 5.00 u 0.01 J 0.09 u 0.01 u 0.10 

217 480 17.00 u 0.03 u 0.14 J 0.04U o.os J 

222 371 5.00 u 1.80 0.IS J 0.02U 0.07 JB 

218 440 17.00 u 8.20 E 0.27 J 0.04U 1.80 

217 480 7.30 J 0.88 u S3.00 J l.20U 0.8S U 

212 3 17.00 u 44.00 u ISOO.O 42.00U 8200.0 

213 4 51.00 u 0.06 u 0.32 J 0.55 J 0.36J 

211 I 5.00 u 0.01 u 0.49 J 0.01 u 0.10 JB 

211 I 5.00 u 0.01 u 0.20 J 0.01 u 0.18 

215 300 17.00 u 0.01 u 0.12 J 0.02U 0.02J 

221 464 17.00 u O.lS J 0.17 J 0.36J 0.27 J 

222 371 5.00 u 3.SO J 320.00 u 2.30U 2.50J 

226 432 17.00 u 0.98 u 0.87 u 2.90J 0.95U 

211 7 17.00 u 0.02 u 0.33 J 0.02U 0.13 J 

215 300 17.00 u 0.03 u 0.08 J 0.04U 0.06J 

213 4 51.00 u 0.07 u 0.46 J 12.00 0.34J 

213 4 70.00 u 0.03 u 0.09 u 5.400 0.2S JD 

218 440 12.00 J 0.39 J 0.23 u 0.64 J 0.90 J 

213 4 120.00 u 0.02 u 0.28 J I.SO 0.8S 

215 300 17.00 u 0.01 u 0.08 J 0.09J 0.05 J 

215 300 17.00 u 0.01 u 0.09 J 0.19J 0.03 J 

215 300 17.00 u 0.01 u 0.07 J 0.091 0.04 J 

~9 

Benzene 

13.00 

0.03 u 
0.01 u 
0.14 

0.18 J 

0.06 

0.21 J 

1.00 

46.00 u 
0.18 J 

O.ll 

o.os 
0.01 u 
0.18 J 

1.80 

l.10 

0.06 J 

0.03 u 
0.46 J 

0.2S 

o.so 
0.20 

0.01 u 
0.01 u 
0.01 u 

1,2-Dl
chloro
ethane 

11.00 u 
0.03 u 
0.02 u 
0.01 u 
0.03 J 

0.03 J 

o.os J 

0.80 u 
42.00 u 
o.os u 
0.01 u 
0.01 u 
0.02 u 
0.08 u 
I.SOU 

0.88 u 
o.oi u 
0.03 u 
0.07 u 
0.03 u 
0.13 u 
0.02 u 
o.oi u 
0.02 u 
0.02 u 

Trlchloro-
1-Butanol ethene 

17.00 u 28.00 J 

17.00 u 0.26 J 

17.00 u 0.02 u 
S.00 U 0.01 u 

17.00 u 0.03 u 
S.00 U 0.01 J 

17.00 u 0.03 J 

S.00 U I.SO J 

17.00 u 42.00 u 
Sl.00 U o.os u 
S.00 U 0.02 J 

S.00 U O.OS J 

17.00 u 0.02 u 
17.00 u 0.08 u 
5.00 U I.SO U 

17.00 u 0.89 u 
17.00 u 0.02 u 
17.00 u 0.03 u 
Sl.00 U 0.07 u 
70.00 u 0.03 u 
5.00 u 0.13 u 

120.00 u 0.03 J 

17.00 u 0.02 u 
17.00 u 0.02 u 
17.00 u 0.02 u 



Drum# Site 

001084 INEL 

001139 INEL 

001157 INEL 

001161 INEL 

001258 RFETS 

001370 INEL 

001377 INEL 

001410 INEL 

001437 RFETS 

001475 RFETS 

001493 RFETS 

001619 INEL 

001625 INEL 

001633 INEL 

001655 INEL 

001662 INEL 

001663 RFETS 

001667 INEL 

001670 RFETS 

001677 INEL 

001678 RFETS 

001689 INEL 

001692 RFETS 

001695 !NEL 

001697 INEL 

Waste Matrix 
Code Group . 

Solidified Inorganics 

Solidified Inorganics 

Combustible 

Graphite 

Solidified Inorganics 

Combustible 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Solidified Organics 

Graphite 

Salt Waste 

Heterogeneous 

Combustible 

Heterogeneous 

Solidified Organics 

Combustible 

Graphite 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

213 4 17.00 u 0.04 J 0.25 J 0.66 J 0.34 J 

211 7 17.00 u 0.17 u 34.00 0.16U 0.23 J 

223 339 17.00 u 0.47 J 0.12 J 0.04U 0.35 J 

215 300 17.00 u 0.02 u 0.06 J 0.03 u 0.04 J 

211 I 5.00 u 0.01 u 0.15 J 0.01 u 0.14 

223 339 17.00 u 2.70 0.78 J 0.12 u 28.00 

223 339 17.00 u 0.36 0.18 J 0.04U 0.20 J 

214 292 17.00 u 0.12 u 0.22 J 0.61 J 0.12 u 

211 7 5.00 u 0.02 J 1.40 J 0.01 u 0.08 J 

211 I 5.00 u 0.20 u 0.04 u 0.28U 0.42IB 

211 I 5.00 u 0.02 J 0.15 J 0.061 0.18 

215 300 17.00 u O.oJ U 0.08 J 0.04U 0.07 J 

215 300 17.00 u 0.02 u 0.13 J 0.02U 0.05 J 

226 432 17.00 u 0.70 u 36.00 8 2.60 J 0.68 u 

223 339 17.00 u 21.00 J 12.00 J 2.60U 290.00 

215 300 17.00 u 0.02 u 0.08 J 0.02 u 0.07 J 

226 432 17.00 u 5.50 0.38 u 0.59U 0:57 J 

215 300 17.00 u 0.02 u 0.17 J 0.05 J 0.05 J 

224 411 5.00 u 0.09 J l.10 8 0.14 J 0.16IB 

221 302 17.00 u 2.00 45.00 0.45 u 0.50U 

223 339 5.00 u 23.00 0.39 J 0.14 u 64.00 E 

221 302 17.00 u 0.04 J 0.20 J 0.)3 J 0.22 J 

226 432 17.00 u 0.25 u 0.22 u 0.40 J 0.24 u 

223 339 17.00 u 13.00 J 4.80 BJ 2.30U 290.00 

215 300 17.00 u 0.02 u 0.09 J 0.02 u 0.04 J 

C2- 60 

Benzene 

O.Q2 U 

0.17 u 

0.09 u 

0.02 u 

0.29 

0.13 J 

0.21 J 

0.14 u 

0.16 

3.40 

0.18 

0.03 u 

0.02 u 

0.80 u 

2.10 u 

0.02 u 

4.40 

0.02 u 

0.10 

1.00 

0.99 

0.09 J 

1.30 

1.80 u 

0.02 u 

1,2-Dl
chloro
ethane 

0.02 u 

0.16 u 

0.23 J 

0.02 u 

0.01 u 

0.24 J 

0.64 

0.11 u 

0.01 u 

0.18 u 

0.01 u 

0.03 u 

0.02 u 

0.63 u 

1.70 u 

0.02 u 

0.38 u 

0.02 u 

0.03 u 
0.46 u 

0.45 J 

0.03 u 

0.23 u 

l.40 u 

0.02 u 

Trlchloro-
1-Butanol ethene 

17.00 u 0.02 u 

17.00 u 0.16 u 

17.00 u 0.03 u 

17.00 u 0.03 u 

5.00 u 0.02 J 

17.00 u 0.22 J 

17.00 u 0.03 J 

17.00 u 0.11 u 

5.00 u 0.07 J 

5.00 u 0.18 u 

5.00 u 0.06 J 

17.00 u 0.03 U1 

17.00 u 0.02 u 

17.00 u 150.00 

17.00 u 16.00 J 

17.00 u 0.02 u 

17.00 u 0.38 u 

17.00 u 0.02 u 

5.00 u 1.80 B 

17.00 u 130.00 

5.00 u 0.14 J 

17.00 u 0.03 u 

17.00 u 0.23 u 

17.00 u 1.50 J 

17.00 u 0.02 u 



Dnam # Site 

001751 RFETS 
001752 INEL 

001754 INEL 

001757 INEL 

001773 INEL 

001779 INEL 

001784 INEL 

001813 INEL 

001873 INEL 

001899 RFETS 
001900 INEL 

001919 RFETS 
001937 RFETS 
002013 RFETS 
002046 INEL 

002065 INEL 

002084 INEL 

002220 RFETS 
002222 INEL 

002338 RFETS 
002354 INEL 

002363 INEL 

002365 INEL 

002542 INEL 

002678 RFETS 

Waste Matrix 
Code Group 

Uncategori7.ed Metal 

Graphite 

Uncategoriz.ed Metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Uncategori7.ed Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Uncategori7.ed Metal 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Uncategori7.ed Metal 

Solidified Organics 

Solidified Organics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,t-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

217 320 5.00 u 0.01 u 0.12 1 0.01 u 0.081 

215 300 17.00 u 0.02 u 0.10 1 0.02U 0.041 

217 320 1.30 u 0.04 u 0.43 1 0.281 0.111 

222 371 17.00 u 2.40 0.62 0.04U 0.96 

215 300 17.00 u 0.02 u 0.10 1 0.02U 0.041 

215 300 17.00 u 0.02 u 0.06 1 0.02U 0.031 

223 339 17.00 u 0.73 1 0.17 1 0.04U 0.131 

213 4 17.00 u 6.00 u 6.00 u 1700.0 6.IOU 

214 292 17.00 u 0.04 u 0.11 1 0.07 J 0.17 J 

211 3 5.00 u 130.00 u 15000 u 180.00 u 23000 

214 292 17.00 u 0.04 u 0.15 1 0.191 0.201 

217 320 5.00 u 0.02 1 0.53 1 0.01 u 0.091 

212 3 5.00 u 16.00 u 180.00 u 22.00U 2100.0 

212 3 5.00 u 11.00 u 120.00 u 16.00U 1600.0 

212 3 17.00 u 37.00 u 530.00 35.00U 5600.0 

214 292 5.00 J 0.10 1 0.16 u 0.26U 0.16 u 

213 4 34.00 u 0.04 u 0.19 J 0.04U 0.181 

217 481 5.00 u 0.03 u 4.oo m 0.04U 0.03 u 

215 300 17.00 u 0.02 u 0.12 1 0.02U 0.121 

222 371 17.00 u 0.78 u 32.00 I.IOU 0.76U 

223 339 17.00 u 2.80 8.20 0.07U 15.00 

222 371 17.00 u 0.20 J 0.25 1 0.04U 0.141 

217 480 17.00 u 0.07 u 13.00 0.lOU 0.091 

212 3 17.00 u 11.00 180.00 7.60U 2100.0 

226 432 17.00 u 0.89 u 130.00 I.JOU 0.87U 

•61 

Bemene 

0.02 

0.02 u 

0.04 u 

0.03 u 

0.02 u 

0.02 u 
0.26 1 

6.20 u 

0.04 u 

150.00 

0.12 J 

0.01 

18.00 

13.00 

39.00 u 
0.12 u 
0.10 1 

0.03 

0.02 u 
0.90 

0.87 1 

0.40 

0.43 1 

8.40 u 

1.00 

1,2-Dl
chloro
ethane 

0.01 u 

0.02 u 

0.06 u 

0.03 u 

0.02 u 

0.02 u 

0.12 1 

nou 

0.03 u 

120.00 u 

0.03 u 

0.01 u 
14.00 u 
I0.00 u 
35.00 u 

0.09 u 
0.04 u 
0.03 u 

0.02 u 
0.71 u 
0.42 1 

0.06 1 

0.13 1 

7.70 u 

0.81 u 

Trlchloro-
1-Butanol ethene 

5.00 U 0.02 1 

17.00 u 0.02 u 

1.30 u 0.06 u 

17.00 u 0.03 1 

17.00 u 0.02 u 

17.00 u 0.02 u 

17.00 u 0.03 u 

17.00 u 5.70 U 

17.00 u 0.03 u 

5.00 U 120.00 u 
17.00 u 0.03 u 

5.00 U 0.01 J 

5.00 U 14.00 u 
5.00 U I0.00 u 

17.00 u 35.00 u 

5.00 U 0.09 u 
34.00 u 0.04 u 

5.00 U 0.17 JB 

17.00 u 0.02 u 
17.00 u 140.00 

17.00 u 0.09 1 

17.00 u 0.04 J 

17.00 u 0.06 u 
17.00 u 7.70 u 
17.00 u 170.00 



Drum# Site 

002791 INEL 

002797 RFETS 

002814 RFETS 

003017 INEL 

003088 INEL 

003091 RFETS 
003111 INEL 
003121 RFETS 
003129 RFETS 

003130 RFETS 
003173 RFETS 
003181 RFETS 
003189 INEL 
003192 RFETS 
003215 RFETS 
003277 RFETS 
003394 RFETS 

003406 RFETS 

003455 RFETS 
003547 RFETS 
003577 RFETS 
003854 INEL 
003890 INEL 
003921 INEL 
003991 INEL 

Waste Matrix 
Code Group -

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Combustible 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DAT A 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

J,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

222 371 17.00 u 10.00 0.72 0.07U 0.35 J 

226 432 17.00 u 2.60 J 0.40 u 1.20 J 0.43 u 

211 7 5.00 u 0.20 u 40.00 J 0.29U 0.58 J 

211 I 5.00 u 0.05 u 5.80 u 0.07U 0.13 J 

222 371 17.00 u 0.31 J 0.27 J 0.04U 0.28 J 

222 371 17.00 u 0.04 u 0.62 J 0.04U 0.20J 

222 371 17.00 u 7.30 E 0.29 J 0.04U 0.25 J 

211 7 5.00 u 0.14 u 2.50 u 0.50 JD 0.13 u 

211 7 5.00 u 0.02 u 1.50 J 0.03 u 0.081 

211 7 5.00 u 0.04 u 1.90 JD 0.06U 0.08 JD 

211 7 5.00 u 0.02 u 1.80 0.02U 0.14J 

211 7 5.00 u 0.01 u 0.18 1 0.02U 0.07 1 

212 3 17.00 u 82.00 u 4100.0 77.00U 15000 

211 7 5.00 u 0.23 u 46.00 u 0.33 u 0.62J 

211 7 5.00 u 0.01 u 1.00 J 0.02U 0.07 J 

211 I 5.00 u 0.01 J 0.14 J 0.01 u 0.17 

211 7 5.00 u 0.03 u 4.70 J 0.04U 0.121 

211 7 5.00 u 0.01 u 0.80 J 0.01 u 0.13 

211 3 5.70 J 250.00 u 21000 u 350.00 u 43000 

211 7 5.00 u 0.09 u 15.00 J 0.13 u 0.12 J 

211 I 5.00 u 0.01 u 0.10 J 0.36 0.11 J 

212 3 17.00 u 50.00 1800.0 35.00 u 6700.0 

111 7 5.00 u 0.03 u 0.92 0.08 J 0.19 J 

111 7 5.00 u 0.03 u 2.90 0.05 u 0.32 J 

223 339 17.00 u 0.13 J 0.05 J 0.02U 0.03 J 

Cl- 62 

Benzene 

0.05 u 

2.40 

0.24 

0.15 J 

0.13 J 

0.08 

0.03 u 

0.16 

0.o7 

0.10 

0.07 

0.02 

85.00 u 

0.26 

0.02 

0.10 

0.03 

0.03 

290.00 

0.10 

0.06 

39.00 u 

0.06 J 

0.04 u 

0.06 J 

1,2-Dl
chloro
ethane 

0.08 J 

0.40 u 

0.19 u 

0.05 u 

0.05 J 

0.03 u 

0.04 J 

0.12 u 

0.02 u 

0.04 u 

0.02 u 

0.01 u 

78.00 u 

0.21 u 

0.06 J 

0.01 u 

0.03 u 

0.01 1 

230.00 u 

0.08 u 

0.10 J 

36.00 u 

0.03 u 

0.03 u 

0.02 J 

Trlchloro-
1-Butanol ethene 

17.00 u 0.06 J 

17.00 u 0.41 u 

5.00 u 1.60 J 

5.00 u 0.05 u 

17.00 u 0.03 J 

17.00 u 0.03 J 

17.00 u 0.04 J 

5.00 u 0.12 u 

5.00 u 0.04 1 

5.00 u 0.10 JD 

5.00 u 0.32 

5.00 u 0.01 JI 

17.00 u 78.00 u 

5.00 u 0.21 u 

5.00 u 0.03 J 

5.00 u 0.04 J 

5.00 u 0.10 J 

5.00 u o.oi J 

5.00 u 230.00 u 

5.00 u 0.15 J 

5.00 u 0.03 J 

17.00 u 36.00 u 

5.00 u 0.03 u 

5.00 u 0.03 u 

17.00 u 0.02 u 



Drum# Site 

003997 INEL 

004099 INEL 

004lll RFETS 

004112 INEL 

004123 INEL 

004125 INEL 

004150 INEL 

004160 INEL 

004166 INEL 

004186 INEL 

004195 RFETS 

004196 INEL 

004206 INEL 

004208 INEL 

004283 INEL 

004326 INEL 

004393 INEL 

004410 INEL 

004495 INEL 

004516 INEL 

004884 INEL 

004963 INEL 

004968 RFETS 
004981 RFETS 
004988 RFETS 

Waste Matrix 
Code Group -

Combustible 

Solidified Inorganics 

Salt Waste 

Graphite 

Combustible 

Uncategorized Metal 

Graphite 

Combustible 

Inorganic Non-metal 

Combustible 

Salt Waste 

Graphite 

Combustible 

Graphite 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Combustible 

Uncategorized Metal 

Uncategorized Metal 

Salt Waste 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

223 339 15.00 u 0.23 J 0.13 J 0.04U 0.04U 

211 1 5.00 u 0.10 J 0.25 0.02U 0.01 J 

224 411 5.00 u 0.06 J 0.12 u 0.13 J 0.10 JB 

215 300 17.00 u 0.01 u 0.09 J o.oi u 0.03 J 

223 339 17.00 u 0.10 J 0.09 J 0.02U 0.06J 

217 480 17.00 u 0.03 u 0.05 J 0.04U 0.05 J 

215 300 17.00 u 0.02 u 0.11 J 0.02U 0.08 J 

223 339 17.00 u 580.00 290.00 120.00U 25000 

222 371 17.00 u 0.03 u 0.28 J 0.04U 0.26J 

223 339 17.00 u 0.29 J 0.06 J 0.11 J 1.20 

224 411 5.00 u 0.01 u 0.11 J 0.14 0.16 8 

215 300 17.00 u 0.03 J 0.13 J 0.02U 0.o7 J 

223 339 15.00 u 0.36 J 0.13 J 0.18 J 0.05 J 

215 300 17.00 u 0.01 u 0.05 J 0.02U 0.03 J 

211 1 17.00 u 0.02 u 0.17 J 0.29J 0.12 J 

213 4 17.00 u 0.02 J 0.23 J 0.02U 0.39J 

211 1 5.00 u 0.02 u 0.43 0.02U 0.08 J 

211 1 5.00 u 0.03 u 0.28 J 0.04U 0.20J 

213 4 17.00 u 0.02 u 0.15 J 0.23 J 0.19 J 

211 1 5.00 u 0.03 u 0.21 J 0.09J 0.12 J 

213 4 51.00 u 0.03 u 0.59 J 6.10 0.60J 

223 339 17.00 u 7.10 0.19 J 0.07U 13.00 

217 320 22.00 J 0.55 u 1.70 u 0.78U 2.90J 

217 320 5.00 u 0.01 J 0.39 J 0.01 u 0.49 

224 411 5.00 u 0.06 J 0.30 J 0.04 u O.lOJB 

(v ;J 

Benzene 

0.29 J 

0.12 J 

0.06 

0.01 u 

0.08 J 

0.07 J 

0.02 u 

78.00 u 
0.05 J 

0.07 J 

0.01 

0.08 J 

0.19 J 

0.01 u 
0.14 J 

0.09 J 

0.08 J 

0.11 J 

0.02 u 
0.60 

0.54 J 

0.91 J 

0.63 

0.01 

0.09 

1,2-Dl
chloro
ethane 

0.39 J 

0.01 u 
0.03 u 
0.02 u 

0.17 J 

0.03 u 
0.02 u 

110.00 u 
0.03 u 

0.11 J 

0.01 u 
0.03 J 

0.26 J 

0.02 u 
0.02 u 
0.02 u 
0.02 u 
0.03 u 

0.02 u 
0.03 u 
0.03 u 
0.40 J 

0.50 u 
0.01 u 
0.03 u 

Trlchloro-
1-Butanol ethene 

15.00 u 0.05 u 
5.00 u 0.02 J 

5.00 u 0.03 u 
17.00 u 0.02 u 
17.00 u 0.02 u 
17.00 u 0.03 u 
17.00 u 0.02 u 
17.00 u 130.00 u 
17.00 u 0.03 u 
17.00 u 0.02 u 
5.00 u 0.02 J 

17.00 u 0.02 u 
15.00 u 0.02 u 
17.00 u 0.02 u 
17.00 u 0.02 u 
17.00 u 0.02 J 

5.00 u 0.02 u 
5.00 u 0.03 u 

17.00 u 0.02 J 

5.00 u 0.03 u 
51.00 u 0.03 u 
17.00 u O.o7 U 

5.00 u 0.50 u 
5.00 u 0.01 J 

5.00 u 0.32 J 



Drum# Site 

005006 RFETS 

005012 INEL 

005015 INEL 

005235 INEL 

005262 INEL 

005358 INEL 

005398 INEL 

005415 INEL 

005530 INEL 

005535 INEL 

005735 INEL 

005738 INEL 

006242 INEL 

006252 RFETS 

006325 RFETS 

006669 INEL 

006773 RFETS 

006857 INEL 

006865 RFETS 

006876 INEL 

006879 INEL 

006886 INEL 

007034 INEL 

007146 INEL 

007170 INEL 

Waste Matrix 
Code Group -

Sah Waste 

Combustible 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Lead/Cadmium Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Solidified Organics 

Filter 

Solidified Organics 

Solidified Organics 

Combustible 

Inorganic Non-metal 

Combustible 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon JDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

224 411 5.00 u 0.04 J 0.39 0.04U 0.07 JB 

223 339 17.00 u 0.06 J 0.18 J 0.02U 0.18 J 

226 432 17.00 u 1.40 u 82.00 2.00U 1.40U 

226 432 17.00 u 0.28 J o.61 m 0.04U 0.38 J 

212 3 17.00 u 230.00 u 33000 220.00U 52000 

211 I 17.00 u 0.03 J 0.30 J 0.80J 0.23 J 

211 l 5.00 u 0.03 u 4.90 0.04U 0.07 J 

211 I 5.00 u 0.03 u 0.16 J O.lOJ 0.09J 

215 303 17.00 u 0.07 J 0.11 J 0.02U 0.06 J 

226 432 17.00 u 0.06 u 0.11 m 0.16ID 0.11 m 

211 7 5.00 u 0.03 u 0.56 0.16J 0.08 J 

211 7 5.00 u 0.02 u 0.29 0.03 u 0.08 J 

222 371 17.00 u 3.70 0.26 J 0.04U 0.28 J 

123 339 5.00 u 9.20 m 5.80 u 5.20U 460.00 D 

213 4 100.00 u 0.01 u 0.12 J 0.70 0.11 J 

214 292 5.00 u 0.14 u 0.33 J l.20 J 0.37 J 

213 4 120.00 u 0.10 u 18.00 J 20.00 0.17 J 

223 339 17.00 u 0.34 J 0.11 J 0.02U 0.101 

226 432 5.00 u 0.07 u 0.66 J 0.63 J 0.88 J 

219 335 17.00 u 0.04 J 0.03 J 0.06 J 0.02 J 

226 432 17.00 u 0.09 u 0.17 J 0.18 J 0.16 J 

226 432 17.00 u 0.31 u 12.00 B 2.60 0.30U 

216 337 15.00 u 210.00 290.00 2.80U 1.90 u 

222 371 17.00 u 1.60 u 150.00 2.30U 1.60 u 

216 337 18.00 u 0.25 u 71.00 0.35 u 0.34 u 

C2- 64 

Benzene 

0.10 

0.04 J 

1.60 u 

1.30 

240.00 u 

1.00 

0.04 J 

0.31 J 

0.05 J 

2.80 D 

0.04 J 

0.02 u 

0.03 u 

4.20 

0.33 

0.16 u 

0.40 

0.15 J 

1.40 

0.34 J 

0.99 J 

0.54 J 

2.30 u 

1.80 u 

0.22 u 

1,2-Dl
chloro
ethane 

0.03 u 

0.04 J 

1.30 u 

0.03 u 

220.00 u 

0.02 u 

0.03 u 

0.03 u 

0.02 J 

0.05 u 

0.03 u 

0.02 u 

0.04 J 

3.30 u 

0.01 u 

0.13 u 

0.09 u 

0.26 J 

0.o7 u 

0.12 J 

0.08 u 

0.28 u 

1.80 u 

1.40 u 

0.31 u 

Trlchloro-
1-Butanol ethene 

5.00 u 0.42 

17.00 u 0.02 J 

17.00 u 230.00 

17.00 u 0.03 u 

17.00 u 220.00 u 

17.00 u 0.02 u 

5.00 u 0.03 u 

5.00 u 0.03 u 

17.00 u 0.02 u 

17.00 u 0.05 u 

5.00 u 0.03 u 

5.00 u 0.02 u 

17.00 u 0.03 J 

5.00 u 3.40 u 

100.00 u 0.08 J 

5.00 u 0.22 J 

120.00 u 0.18 J 

17.00 u 0.04 J 

5.00 u 0.08 J 

17.00 u 0.02 u 

17.00 u 0.09 u 

17.00 u 57.00 

15.00 u 310.00 

17.00 u 280.00 

18.00 u 92.00 



Drum# Site 

007231 INEL 

007511 INEL 

007518 INEL 

007667 INEL 

007920 INEL 

008203 INEL 

008207 INEL 

008218 INEL 

008269 INEL 

008287 INEL 

008359 INEL 

008383 INEL 

008848 INEL 

008859 INEL 

008860 INEL 

008864 INEL 

008872 INEL 

008874 RFETS 

008878 INEL 

008880 RFETS 

009006 INEL 

009011 RFETS 

009061 RFETS 

009180 INEL 

009225 INEL 

Waste Matrix 
Code Croup -

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Filter 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Inorganic Non-metal 

Heterogeneous 

Lead/Cadmium Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified lnorganics 

Uncategorized Metal 

Uncategorized Metal 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Methyl ethyl 
Code Code Ketone 

1,1,1-Trl 
chloro

Chloroform ethane 
Cyclo
hexane 

Carbon 
Tetra
chloride 

219 338 17.00 u 0.11 u 21.00 0.16 u 0.15U 

122 374 17.00 u 0.04 u 0.48 0.061 0.35 J 

122 374 17.00 u 0.12 J 0.44 J 0.08U 0.16 J 

124 411 5.00 u 0.01 J 0.10 J 0.01 u 0.12 

121 302 17.00 u 0.22 u 1.80 J 0.721 0.22U 

118 440 17.00 u 0.06 u 0.10 J 0.20J 0.13 J 

116 336 20.00 J 0.87 u 0.27 J 0.IOU 0.121 

116 330 17.00 u 1.70 0.20 J 0.IOU 0.16 J 

117 320 17.00 u 0.18 u 0.28 u 0.64JD 0.32 JD 

122 374 17.00 u 0.03 u 0.20 J 0.091 0.16 J 

116 330 17.00 u uo J 0.28 u 0.73 J 0.18 u 

123 339 6.10 J 13.00 J 1000.0 7.00U 930.00 

218 440 17.00 u 22.00 36.00 0.20U 0.47 J 

218 440 17.00 u 1.10 11.00 0.59U 66.00 

217 480 17.00 u 1.10 u 160.00 I.SOU 1.00U 

217 480 17.00 u 0.09 u 20.00 0.13 u 0.14 J 

214 292 5.00 u 0.04 u 0.23 J 0.31 J 0.12 J 

217 480 12.00 J 33.00 u 5400.0 u 46.00U 32.00U 

217 480 17.00 u 4.SO U 580.00 6.30U 4.30U 

115 312 5.00 u 1.60 J 250.00 J I.SOU 1.20 J 

211 7 17.00 u 0.04 J 0.63 J 0.02U 0.18 J 

211 7 5.00 u 0.01 u 2.30 m 0.02U 0.17 B 

218 440 5.00 u 0.43 J 6.00 0.IJU 0.49J 

223 339 17.00 u 22.00 220.00 0.79U 150.00 

217 481 17.00 u 0.03 u 2.20 0.04U 0.03 J 

;5 

Bemene 

0.10 u 
0.04 u 
1.30 

0.02 J 

0.26 u 
0.39 J 

2.00 J 

1.30 

0.21 u 
0.03 u 

2.70 

5.60 U 

0.22 u 

0.48 u 

1.20 u 

0.11 u 

0.09 J 

38.00 

5.10 u 

I.SO 

0.08 J 

0.04 

0.10 

0.68 J 

0.03 u 

1,2-Dl
chloro
ethane 

0.90 J 

0.03 u 
0.10 J 

0.01 u 
0.20 u 
0.05 u 
1.30 u 
0.84 J 

0.16 u 
0.03 u 

2.00 J 

4.50 u 

0.20 u 
0.38 u 

0.96 u 

0.08 u 

0.03 u 

30.00 u 

4.00 u 

1.20 u 
0.02 u 

0.01 u 

0.08 u 

0.70 u 

0.03 u 

1-Bntanol 

17.00 u 
17.00 u 
17.00 u 
5.00 U 

17.00 u 
17.00 u 
17.00 u 
17.00 u 
17.00 u 
17.00 u 

17.00 u 

5.00 U 

17.00 u 

17.00 u 

17.00 u 
17.00 u 

5.00 U 

5.00 U 

17.00 u 

S.00 U 

17.00 u 

5.00 U 

S.00 U 

17.00 u 
17.00 u 

Trlchloro
ethene 

6.20 

0.03 u 
0.05 u 
0.01 u 
0.29 J 

0.05 u 
0.06 u 
0.06 u 
0.16 u 

0.03 u 
0.16 u 

4.50 u 

1.30 

0.80 J 

4.30 

0.98 J 

0.06 J 

30.00 u 

4.10 

3.00 J 

0.02 u 

o.09 m 
18.00 

0.81 u 

0.03 u 



Drum# Site 

009252 INEL 

009296 INEL 

009299 INEL 

009399 INEL 

009422 RFETS 

009423 INEL 

009435 INEL 

009449 INEL 

009471 INEL 

009475 INEL 

009489 INEL 

009587 INEL 

009591 INEL 

009592 INEL 

009596 INEL 

009599 INEL 

009602 INEL 

009694 INEL 

009735 INEL 

009773 INEL 

009787 RFETS 

009873 RFETS 

010216 INEL 

010224 INEL 

010230 INEL 

Waste Matrix 
Code Group -

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified Organics 

Solidified Inorganics 

Filter 

Filter 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

223 339 17.00 u I 100.0 390.00 28.00U 3700.0 

223 339 17.00 u 2.80 u 2.50 U 740.00 2.70U 

223 339 17.00 u 0.10 J 1.10 0.03 J 0.02 u 

218 440 17.00 u 1.30 37.00 0.52 u 83.00 E 

216 337 5.00 u 5.70 JD 920.00 JD 7.40U 26.00JD 

216 337 17.00 u 1.90 u 300.00 160.00 l.90U 

216 337 17.00 u 15.00 55.00 0.52U 0.43 J 

218 440 17.00 u 3.10 0.23 J 0.06U 0.66 J 

216 337 18.00 u 4.50 24.00 0.08U 0.08 u 

218 442 17.00 u 0.74 u 140.00 0.70U 0.77U 

216 337 18.00 u 4.60 59.00 0.20U 0.20U 

117 320 5.00 u 0.01 J 0.24 0.15 0.24 

118 440 17.00 u 0.04 u 0.09 J 0.05U 0.10 J 

I 18 440 17.00 u O.o7 U 0.11 J 0.141 0.13 J 

117 320 17.00 u 0.13 u 17.00 O.l8U 0.25 J 

118 440 17.00 u 0.11 J 0.33 J 0.04U 0.18 J 

218 442 17.00 u 1.90 u 250.00 2.70U I.BOU 

215 300 17.00 u 0.02 u 0.18 J 0.02U O.lSJ 

215 300 17.00 u 0.02 u 0.12 J 0.02U 0.06 J 

223 339 17.00 u 74.00 450.00 5.20U 1300.0 

212 3 5.00 u 180.00 J 10000 u 240.00U 32000 B 

211 l 5.00 u 0.05 U 8.10 u 0.06U 0.20 J 

219 338 17.00 u 0.70 u 88.00 0.99U 5.60 

219 338 17.00 u 0.21 u 42.00 0.30U 0.29U 

216 330 17.00 u 0.11 u 200.00 E 0.16U 0.76 J 

C2- 66 

Benzene 

22.00 u 

3.20 u 

0.04 J 

0.42 u 

6.00 

l.90 u 

0.42 u 

0.36 J 

0.50 U 

1.10 

0.13 u 

0.01 u 

0.05 J 

0.26 J 

0.15 u 

0.37 

2.20 u 

0.02 u 

0.02 u 

5.80 u 

200.00 

0.16 

0.62 u 

0.19 u 
2.20 

1,2-Dl
chloro
ethane 

18.00 u 

4.10 

0.1 I J 

0.33 u 

4.70 u 

1.80 u 

0.33 u 

0.06 J 

0.o7 u 

0.71 u 

0.18 u 

0.01 u 

0.03 u 

0.06 u 

0.12 u 

0.04 J 

l.70 u 

0.02 u 

0.02 u 

5.30 U 

160.00 u 

0.04 u 
0.89 u 
0.78 J 

0.34 J 

Trlcbloro-
1-Butanol ethene 

!7.00 u 18.00 J 

17.00 u 2.50 U 

17.00 u 0.02 u 

17.00 u 2.10 

5.00 U S.20 JD 

17.00 u 1.80 u 

17.00 u 0.33 u 

17.00 u 0.04 u 

18.00 u 0.08 u 

17.00 u 0.71 u 

18.00 u 0.21 u 

5.00 U 0.01 JI 

17.00 u 0.03 u 

17.00 u 0.06 u 

17.00 u 0.54 J 

17.00 u 0.03 u 

17.00 u l.70 u 

17.00 u 0.02 u 

17.00 u 0.22 J 

17.00 u 5.30 U 

5.00 U 160.00 u 

5.00 U 0.04 u 

17.00 u 260.00 

17.00 u 20.00 

17.00 u 290.00 E 



Drum# Site 

010273 INEL 

010295 INEL 

010305 RFETS 
010364 RFETS 
010371 INEL 

010407 RFETS 
010411 INEL 

010415 INEL 

010426 INEL 

010463 INEL 

010487 INEL 

010492 INEL 

010498 INEL 

010510 RFETS 
010546 RFETS 
010578 INEL 

010588 RFETS 
010663 INEL 

010676 INEL 

010800 INEL 

010807 lNEL 

010808 INEL 

010814 RFETS 
010837 INEL 

010848 INEL 

Waste Matrix 
Code Croup 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Salt Waste 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified lnorganics 

Combustible 

Heterogeneous 

Filter 

Combustible 

Combustible 

Solidified lnorganics 

Solidified Organics 

Filter 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,t-Trl 
TruCon JDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

216 337 18.00 u 4.40 37.00 0.14 u 0.14 u 
218 442 17.00 u 0.40 J 7.00 0.08U 0.26 J 

218 442 5.00 u 0.66 u 110.00 u 0.93U 0.66J 

216 337 5.00 u 5.20 J 120.00 u 1.20U 0.81 u 
216 337 1.00 u 46.00 140.00 E 350.00 E 0.75 J 

217 480 16.00 J 0.73 J 13.00 J 0.16U 6.30 

216 337 17.00 u 78.00 140.00 120.00 I.SOU 

218 442 17.00 u 0.03 u 4.00 0.04U 0.18 J 

218 442 17.00 u 0.41 J 12.00 E 0.02U 0.26J 

213 4 34.00 u 0.28 u 40.00 J OAOU 0.35 J 

224 414 17.00 u 2.30 J 23.00 0.72U 50.00 

217 480 17.00 u 0.55 u 74.00 0.77U 0.53 u 
217 480 17.00 u 0.37 J 12.00 0.04U 0.09 J 

216 336 5.00 u 9.40 1 240.00 B 18.00 J 3.8ora 

216 330 16.00 J 44.00 u 6600.0 B 62.00U 42.00U 

226 432 17.00 u 0.95 u 65.00 l.40U 0.92U 

211 2 5.00 u 0.82 u 76.00 l.20U 0.84J 

216 337 18.00 u 0.36 u 110.00 0.51 u 0.49U 

216 330 18.00 u 0.29 u 9200 0.41 u 0.49 J 

219 338 17.00 u 0.10 u 23.00 0.14U 0.13 u 
216 337 17.00 u 1.20 u 120.00 I.SOU l.20U 

216 337 17.00 u 3.60 53.00 21.00 0.40U 

211 1 5.00 u 0.33 u 53.00 E 0.47U o.8ora 

226 432 17.00 u 0.42 u 35.00 0.59U 1.30 J 

219 338 15.00 u 0.28 u 100.00 0.39U 0.37U 

67 

Benzene 

0.09 u 
0.10 J 

0.75 

0.95 

0.42 J 

0.16 

2.10 u 
0.03 u 
0.08 J 

0.32 u 
0.58 u 
0.63 u 
0.49 1 

1.80 

50.00 

1.10 u 
0.94 

0.32 u 
0.95 1 

0.14 J 

1.40 u 
0.41 u 

0.38 

0.48 u 

0.24 u 

1,2-Dl
chloro
ethane 

0.13 u 
0.24 J 

0.59 u 
0.75 u 
0.34 u 
0.10 u 
1.70 u 
0.03 u 
0.30 J 

0.25 u 
0.46 u 
0.49 u 
0.13 J 

1.40 u 
40.00 u 

0.86 u 
0.74 u 
0.46 u 
0.37 u 
0.12 u 
1.10 u 
0.37 u 

0.30 u 
0.38 u 
0.92 J 

Trlchloro-
1-Butanol ethene 

18.00 u 0.15 u 
17.00 u 0.05 u 
5.00 u 0.60 u 
5.00 u 0.76 u 
1.20 u 0.75 J 

5.00 u 0. i2 J 

17.00 u 1.70 u 
17.00 u 0.03 u 
17.00 u 0.02 J 

34.00 u 0.25 u 
17.00 u 0.46 u 
17.00 u 0.50 u 
17.00 u 0.04 u 
5.00 u 340.00 B 

10.00 u 1600.0 B 

17.00 u 200.00 

5.00 u 160.00 

18.00 u 140.00 

18.00 u 110.00 

17.00 u 42.00 

17.00 u 240.00 

17.00 u 120.00 

5.00 u 96.00 E 

17.00 u 78.00 

15.00 u 95.00 



Drum# Site 

010883 INEL 

010921 INEL 

011004 INEL 

011021 INEL 

011042 INEL 

011044 INEL 

011067 RFETS 

Olll02 RFETS 

Olll09 INEL 

011147 INEL 

011173 INEL 

011194 INEL 

011393 INEL 

011416 INEL 

011433 INEL 

011498 RFETS 

011529 INEL 

011601 INEL 

011607 INEL 

011637 RFETS 

011735 INEL 

011749 lNEL 

011785 RFETS 

012021 INEL 

012108 INEL 

Waste Matrix 
Code Group 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DAT A 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon JDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

226 432 17.00 u 1.10 u 81.00 I.SOU l.00 u 

222 371 17.00 u 0.09 u 3.60 0.13 u 0.22J 

217 480 17.00 u 0.03 u 10.00 E 0.04U 0.13 J 

226 432 17.00 u 0.17 u 7.20 0.24U 0.19J 

218 442 17.00 u 0.59 u 83.00 0.83 u 0.57U 

218 440 17.00 u 0.98 J 22.00 0.48 u 63.00 

213 4 5.00 u 1.10 u 190.00 u l.60U 1.70 J 

211 1 5.00 u 0.26 u 54.00 u 0.37U 2.70 J 

211 1 17.00 u 0.22 u 44.00 0.21 u 0.23 u 
213 4 94.00 u 0.26 u 56.00 0.24U 0.27 J 

217 480 17.00 u 19.00 11.00 0.06U S.SO 

218 442 17.00 u 0.07 u 14.00 0.IOU 0.39J 

217 480 17.00 u 0.14 u 22.00 0.20U 0.17 J 

216 337 17.00 u 0.61 u 82.00 0.87U 0.83 J 

216 330 18.00 u . 0.36 u 75.00 0.51 U 0.49U 

226 432 17.00 u 1.60 u 140.00 2.30U 1.60U 

217 480 17.00 u 0.03 u 0.66 J 0.04U 0.06 J 

216 336 17.00 u 0.85 u 160.00 1.20U 1.20U 

216 330 17.00 u 3.50 5.80 0.03 u 0.13 I 

219 338 5.00 u 0.82 u 120.00 D l.20U o.sou 

216 330 17.00 u 0.84 u 85.00 1.20 u 2.90 

225 441 17.00 u 0.24 u 39.00 0.34 u 0.65 J 

211 I 5.00 u 0.03 u 0.15 U 0.04 J 0.50 

211 1 17.00 u 0.36 u 45.00 0.52 u 0.35 u 

214 292 17.00 u 0.36 u 40.00 0.52 u 0.35 u 

C2- 68 

Benzene 

1.20 u 

0.11 u 
0.03 u 

7.50 

0.67 u 
0.38 u 
l.30 

0.30 

0.23 u 
0.26 u 
0.37 I 

0.08 u 
0.16 u 

0.70 u 
0.48 J 

1.80 

0.03 u 
0.75 u 

0.06 J 

0.94 

0.96 u 

0.27 u 

0.13 

0.42 u 

0.42 u 

1,2-Dl
chloro
ethane 

0.98 u 

0.08 u 
0.03 u 

0.15 U 

0.53 u 
0.30 u 

1.00 u 
0.24 u 
0.21 u 
0.24 u 
O.o? J 

0.06 u 
0.13 u 

0.56 u 
0.46 u 
1.40 u 
0.03 u 
1.10 u 
0.03 u 

0.74 u 
0.76 u 

0.22 u 

0.03 u 

0.33 u 
0.33 u 

Trlchloro-
1-Butanol ethene 

17.00 u 190.00 

17.00 u 20.00 

17.00 u 0.03 u 

17.00 u 0.29 J 

17.00 u 0.53 u 

17.00 u 0.30 u 
5.00 U 1.00 u 
5.00 U 0.24 u 

17.00 u 0.78 J 

94.00 u 0.24 u 
17.00 u 0.48 J 

17.00 u 2.40 I 

17.00 u 1.00 

17.00 u 90.00 

18.00 u 150.00 

17.00 u 270.00 

17.00 u 0.03 u 

17.00 u 260.00 

17.00 u 0.14 J 

5.00 U 150.00 D 

17.00 u 130.00 

17.00 u 5.50 

5.00 U 0.03 u 

17.00 u 18.00 

17.00 u 2.00 J 



Drum# Site 

012111 INEL 

012215 INEL 

012313 INEL 

012320 INEL 

012356 INEL 

012357 RFETS 

012433 INEL 

012469 RFETS 

012471 RFETS 

012487 INEL 

012494 INEL 

012541 INEL 

012553 INEL 

012571 INEL 

01261 l INEL 

012634 INEL 

012749 INEL 

012766 INEL 

012802 INEL 

012875 RFETS 

012878 INEL 

012891 INEL 

012902 INEL 

012920 INEL 

012985 INEL 

Waste Matrix 
Code Group 

Combustible 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Uncategorized Metal 

Filter 

Solidified Inorganics 

Filter 

Inorganic Non-metal 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Heterogeneous 

Combustible 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

t,t,t-Trl 
TruCon tDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chlorlde Code Code Ketone Chloroform ethane 

216 337 18.00 u 1.20 u 160.00 590.00 1.60 u 

217 480 17.00 u 0.39 u 56.00 0.55U 0.38 u 

216 336 18.00 u 7.80 92.00 30.00 0.59U 

216 336 17.00 u 12.00 200.00 2.60U I.BOU 

219 338 17.00 u 0.26 u 41.00 0.24U 0.27U 

217 480 5.00 u 3.00 u 190.00 4.20U 2.90U 

219 338 17.00 u 0.72 J 44.00 0.20U 36.00 

211 1 5.00 u 0.34 u 23.00 0.48 u 0.57 J 

219 338 5.00 u 0.56 J 35.00 0.25U O.l7U 

218 440 17.00 u 0.15 J 2.90 2.40 0.19 J 

216 330 17.00 u 1.10 85.00 l.60U 14.00 

218 442 17.00 u 0.03 u 8.40 E 0.04U 0.19 J 

211 1 17.00 u 0.03 u 6.70 E 0.04U 0.17 J 

217 320 17.00 u 0.08 J 0.33 J 0.02U 0.12 J 

211 1 17.00 u 0.59 u 66.00 0.83U 0.57U 

211 1 17.00 u 1.60 u 220.00 2.30U l.60 u 

211 1 17.00 u 0.31 u 40.00 0.44 u 0.30U 

216 336 17.00 u 2.80 u 310.00 4.00U 4.00 

216 337 17.00 u 1.40 u 250.00 I.JOU 42.00 

226 432 17.00 u 3.80 u 310.00 5.30U 3.70U 

217 480 17.00 u 0.71 u 48.00 0.66U 0.73 u 

216 330 17.00 u 0.32 u 44.00 0.46U 0.44J 

219 338 17.00 u 0.01 u 0.49 J 0.02U 0.02 u 

222 371 17.00 u 1.10 u l l.00 1.60U 1.10 u 

222 371 17.00 u 1.90 u 200.00 2.60U I.BOU 
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Benzene 

1.00 u 
0.45 u 
0.38 u 
2.10 u 
0.27 u 
3.40 

0.12 u 
0.38 

0.91 

0.06 J 

2.30 

0.03 u 
0.03 u 
0.02 u 
0.67 u 
1.80 u 
0.35 u 

3.20 u 
1.40 u 
4.30 

0.73 u 
0.37 u 

0.01 u 

1.30 u 

2.10 u 

t,2-Dl
chloro
ethane 

I.SO U 

0.35 u 
0.55 u 
l.70 u 

1.50 

2.70 u 
0.21 J 

0.30 u 
0.16 u 
0.02 u 

l.00 u 

0.03 u 

0.03 u 

0.02 u 
0.53 u 
l.40 u 
0.28 u 

2.50 U 

1.30 u 
3.40 u 

0.67 u 

0.29 u 

0.02 u 

1.00 u 

1.70 u 

Trlchloro-
1-Butanol ethene 

18.00 u l.70 u 

17.00 u 9.80 

18.00 u 110.00 

17.00 u 300.00 

17.00 u 29.00 

5.00 u 610.00 

17.00 u 61.00 

5.00 u 60.00 

5.00 U 10.00 

17.00 u 19.00 E 

17.00 u 160.00 

17.00 u 2.90 

17.00 u 0.06 J 

17.00 u 0.03 J 

17.00 u 0.53 u 

17.00 u l.40 u 

17.00 u 6.80 

17.00 u 400.00 

17.00 u 340.00 

17.00 u 630.00 

17.00 u 210.00 

17.00 u 51.00 

17.00 u 0.70 J 

17.00 u 180.00 

17.00 u 390.00 



Drum# Site 

012986 INEL 

012998 INEL 

013106 INEL 

013229 RFETS 

013231 INEL 

013252 INEL 

013266 INEL 

013269 INEL 

013313 INEL 

013331 INEL 

013342 INEL 

013346 RFETS 

013618 INEL 

013677 INEL 

013751 INEL 

013763 INEL 

013773 RFETS 

013818 RFETS 

013820 RFETS 

013847 INEL 

013860 INEL 

013876 RFETS 

014007 INEL 

014009 INEL 

014010 INEL 

Wute Matrix 
Code Group 

Heterogeneous 

Combustible 

Solidified Inorganics 

Solidified Organics 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Heterogeneous 

Filter 

Uncategoriud Metal 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Graphite 

Combustible 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

t,t,t-Trl 
TruCon JDC Methyl ethyl chloro- Cydo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

221 302 17.00 u 0.62 u 120.00 0.58 u 0.63 u 

216 337 17.00 u 0.64 u 50.00 0.91 u 0.98 J 

I II 7 5.00 u 0.01 u 0.85 0.02U 0.23 

226 432 17.00 u 0.14 u 0.12 u 0.32J 0.14 u 

215 300 17.00 u 0.01 u 0.05 J 0.02U 0.02 J 

222 371 17.00 u 0.16 J 0.25 J 0.04U 0.22 J 

223 339 17.00 u 16.00 0.45 J 0.55 u 65.00 

218 440 17.00 u 0.06 u 12.00 0.06U 0.09 J 

218 440 17.00 u 0.08 J 0.25 J 0.04U 0.24 J 

124 411 17.00 u 0.07 u 0.12 J O.IOU 0.10 J 

218 440 17.00 u 0.02 u 0.10 J 0.15 J 1.20 

222 371 5.00 u 0.10 J 0.10 u 0.03 u 0.08 JB 

216 330 17.00 u 1.90 u 70.00 2.60U I.SOU 

219 338 17.00 u 0.04 u 13.00 0.05 u 0.05 J 

217 480 17.00 u 0.84 u 58.00 l.20U 0.81 u 

223 339 2.60 J 78.00 84.00 13.00U 3800.0 E 

II I 7 5.00 u O.o7 U 11.00 u O.IOU 0.09 JB 

2ll I 5.00 u 0.02 u 0.25 u 0.03U 0.10 JB 

2ll I 11.00 u 0.22 J 0.18 J 0.04J 0.12JB 

215 300 17.00 u 0.02 u 0.08 J 0.02U 0.03 J 

223 339 17.00 u 0.68 J 19.00 0.07U 1.00 

2ll 7 5.00 u 0.09 u 6.90 u 0.13 u 13.00 

21 I I 17.00 u 0.02 u 0.16 J 0.02 u 0.10 J 

211 7 17.00 u 0.08 u 22.00 0.07U 0.41 J 

211 7 17.00 u 0.02 u 6.00 0.02U 0.07 J 

Cl- 70 

Benzene 

0.64 u 

0.74 u 

0.02 u 

0.27 

0.01 u 

0.03 u 

0.45 u 

0.06 u 

0.03 u 

0.26 J 

0.15 J 

0.02 

2.10 u 

0.13 J 

0.96 u 

13.00 u 

0.09 

0.30 

0.16 

0.02 u 

0.62 J 

0.10 

0.06 J 

0.10 J 

0.06 J 

1,2-Dl
chloro
ethane 

0.58 u 

0.58 u 

0.01 u 

0.13 u 

0.02 u 

0.03 u 

0.35 u 

0.06 u 

0.03 u 

0.06 u 

0.02 u 

0.02 u 

1.70 u 

0.11 J 

0.76 u 

14.00 u 

0.07 u 

0.02 u 

0.02 u 

0.02 u 

0.36 J 

0.08 u 

0.02 u 

0.07 u 

0.02 u 

Trkhloro-
1-Butanol ethene 

17.00 u 170.00 

17.00 u 97.00 

5.00 u 0.05 J 

17.00 u 0.13 u 

17.00 u 0.02 u 

17.00 u 0.03 u 

17.00 u 0.36 u 

17.00 u 0.10 J 

17.00 u 0.03 u 

17.00 u 0.06 u 

17.00 u 0.02 u 

5.00 u 0.02 U1 

17.00 u 290.00 

17.00 u 3.70 

17.00 u 170.00 

1.20 u 15.00 u 

5.00 u 0.o7 u 

5.00 u 0.02 u 

11.00 u 0.04 J 

17.00 u 0.02 u 

17.00 u 0.o7 u 

5.00 u 0.08 u 

17.00 u 0.03 J 

17.00 u O.o7 U 

17.00 u 0.02 u 



Drum# Site 

014127 RFETS 

014170 INEL 

014330 INEL 

014334 INEL 

014339 INEL 

014342 INEL 

014345 INEL 

014346 INEL 

014348 INEL 

014354 RFETS 

014357 INEL 

014387 INEL 

014466 INEL 

014484 INEL 

014502 RFETS 

014504 RFETS 

014773 INEL 

015228 RFETS 

015231 INEL 

015241 INEL 

015249 INEL 

015262 RFETS 

015267 INEL 

015338 INEL 

015434 RFETS 

Waste Matrix 
Code Croup -

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Filter 

Solidified Organics 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Uncategorized Metal 

Combustible 

Solidified lnorganics 

Heterogeneous 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Solidified Organics 

Uncategorized Metal 

Solidified lnorganics 

Solidified Organics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

211 7 5.00 u o.oi u 0.83 l 0.02U 0.091 

211 7 5.00 u 0.02 l 0.24 0.02U 0.14 l 

215 303 17.00 u 0.35 l l 1.00 0.04U 0.061 

219 335 I.JO U 0.06 u 0.34 l 0.091 0.13 l 

226 432 17.00 u 0.06 u 0.15 JD 0.31 JD 0.13 JD 

215 303 17.00 u 0.05 u 16.00 0.07U 0.06U 

226 432 17.00 u 0.05 u 0.23 JB 0.121 0.01 l 

223 339 17.00 u 5.50 0.55 l 0.02U 20.00E 

215 300 17.00 u 0.02 u 0.07 l 0.02U 0.041 

217 481 5.00 u 0.02 l 0.87 l 0.02U 0.02 JB 

223 339 2.10 J 48.00 820.00 85.00 3400.0E 

211 7 17.00 u 0.02 u 4.30 0.02U 0.01 l 

221 302 17.00 u 0.31 u 50.00 0.44U 0.30U 

215 JOO 17.00 u 0.02 u 0.o7 l 0.02U 0.10 l 

211 I 5.00 u 0.02 l 0.29 l 0.01 u 0.10 

211 1 5.00 u 0.03 u 0.30 l 0.041 0.16 l 

214 292 5.00 u 0.05 u 0.18 l 0.161 0.261 

226 432 17.00 u 0.17 u 30.00 0.24U 0.25 l 

218 440 17.00 u 0.45 l l.30 0.04U 0.25 l 

218 442 17.00 u 0.05 U 13.00 E 0.o7U 0.321 

215 300 17.00 u 0.06 l 2.10 0.02U 0.07 J 

226 432 17.00 u 1.60 u 230.00 u 2.30U 1.60 u 
217 480 17.00 u 1.40 u 180.00 2.00U 1.40U 

211 7 17.00 u 0.01 u 3.20 0.02U 0.02U 

226 432 17.00 u 0.04 u 5.40 l 0.06U 0.14 l 
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Benzene 

0.05 

0.14 l 

0.08 l 

0.05 u 

0.65 JD 

0.04 u 

0.97 l 

0.54 l 

0.02 u 
0.01 

13.00 u 
0.22 l 

0.35 u 

0.05 l 

0.10 

0.46 

0.06 u 
1.30 

0.08 l 

0.06 u 

0.01 u 
3.60 

1.60 u 

0.07 l 

0.89 

1,2-Dl
chloro
ethane 

0.02 u 

0.02 u 

0.16 l 

0.06 u 

0.05 u 

0.06 u 

0.04 u 
0.20 l 

0.02 u 

0.01 u 
14.00 u 

0.02 u 
0.28 u 
0.02 u 
0.01 u 

0.03 u 
0.05 u 
0.15 u 

0.07 l 

0.04 u 

0.02 u 

1.40 u 

1.30 u 
0.02 u 
0.04 u 

Trlchloro-
1-Butanol ethene 

5.00 U O.o3 l 

5.00 U 0.02 u 

17.00 u 0.04 u 

1.30 u 0.06 u 

17.00 u 0.05 u 

17.00 u 0.07 u 

17.00 u 0.04 u 
17.00 u 0.03 J 

17.00 u 0.02 u 

5.00 U 0.04 l 

l.30 u 15.00 u 

17.00 u 0.38 l 

17.00 u 67.00 

17.00 u 0.02 u 

5.00 U 0.04 l 

5.00 U 0.04 l 

5.00 U 0.08 l 

17.00 u I.SO 

17.00 u 0.03 

17.00 u 0.14 l 

17.00 u 0.02 u 

17.00 u 1.40 u 
17.00 u 1.30 u 
17.00 u 0.02 u 
17.00 u 0.09 l 



Drum# Site 

015440 RFETS 
015515 RFETS 
015532 RFETS 
015543 INEL 

015627 INEL 

015655 INEL 

015674 INEL 

015675 INEL 

015777 RFETS 
015785 RFETS 
015786 INEL 

016242 INEL 

016612 INEL 

016613 INEL 

016707 INEL 

016738 RFETS 
016790 INEL 

016807 INEL 

016842 INEL 

016855 RFETS 
016869 INEL 

016964 RFETS 
016986 INEL 

017148 INEL 

017190 INEL 

Waste Matrix 
Code Group 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Graphite 

Solidified lnorganics 

Graphite 

Uncategorized Metal 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Graphite 

Inorganic Non-metal 

Solidified Organics 

Graphite 

Solidified lnorganics 

Graphite 

Solidified lnorganics 

Graphite 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DAT A 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

t,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

226 432 !7.00 u 0.36 u 53.00 J 0.52U 0.35 U 

212 3 5.00 u 26.00 u 210.00 u 38.00U 4400.0 

212 3 5.00 u 81.00 u 6600.0 u 120.00U 15000 

212 3 17.00 u 35.00 u 620.00 49.00U 6000.0 

215 300 17.00 u 0.02 u 0.02 u 0.02U 0.02 u 
211 7 17.00 u 0.02 u 0.87 J 0.02U 0.03 J 

215 300 17.00 u 0.07 J 3.20 0.02U 0.19 J 

217 480 17.00 u 0.o7 u 15.00 O.IOU 0.o7 

226 432 17.00 u 0.o7 u 12.00 J O.IOU 0.18 J 

211 I 15.00 u 0.32 u 50.00 J 0.46U 2.10 JB 

211 l 17.00 u 0.03 u 6.40 0.03U 0.o7 J 

215 300 17.00 u 0.02 u 0.09 J 0.02U 0.10 J 

218 442 17.00 u 0.10 J 3.60 0.04U 0.22 J 

226 432 17.00 u 0.20 u 7.40 0.28U 2.00J 

215 300 17.00 u 0.02 u 0.04 J 0.02U 0.02U 

211 7 5.00 u 1.20 u 250.00 JB l.SOU 1.20U 

215 300 17.00 u o.oi u 12.00 E 0.12 J 0,03 J 

211 l 17.00 u 0.17 u 38.00 0.16U 0.36 J 

215 300 17.00 u 0.02 u 0.35 J 0.02U 0.04 J 

212 3 5.00 u 130.00 u 2200.0 u 180.00U 16000 D 

211 7 17.00 u 0.19 u 40.00 O.l7U O.l9U 

211 7 5.00 u l.10 u 170.00 J 1.60U 1.10 u 

218 442 17.00 u 0.17 u 26.00 0.24U 0.28 J 

226 432 17.00 u 0.60 u 120.00 0.85 u 0.58 u 

211 7 17.00 u 3.70 u 680.00 3.50U 3.80U 

C2- 72 

Benzene 

5.40 

30.00 

93.00 

40.00 u 
0.02 u 
0.02 u 
0.02 u 
0.15 J 

4.50 

0.37 

0.30 J 

0.02 u 

0.03 u 
0.22 u 

o.oi u 
1.40 

0.05 J 

0.17 u 
0.02 u 

140.00 

0.19 u 
1.30 

0.19 u 

0.68 u 
3.90 u 

1,2-Dl
chloro
ethane 

0.33 u 
24.00 u 
73.00 u 
32.00 u 

0.02 u 
0.02 u 
0.02 u 
O.o7 J 

0.06 u 
0.29 u 

0.03 u 

0.02 u 

0.03 u 
0.18 u 

0.02 u 

l.10 u 
0.02 J 

0.16 u 
0.02 u 

110.00 u 

0.18 u 

0.99 u 

0.15 U 

0.54 U 

3.50 u 

Trlchloro-
1-But.uol ethene 

17.00 u 0.78 J 

5.00 U 24.00 u 
5.00 U 74.00 u 

17.00 u 32.00 u 
17.00 u 0.10 J 

17.00 u 0.04 J 

17.00 u 0.02 u 
17.00 u 0.25 J 

17.00 u 0.08 J 

15.00 U 0.37 J 

17.00 u 0.09 J 

17.00 u 0.02 Ui 

17.00 u 0.03 J 

17.00 u 0.18 u 

17.00 u 0.02 u 
S.00 U 8.00 JB 

17.00 u I.SO 

17.00 u 3.20 

17.00 u o.oi u 
5.00 U 110.00 u 

17.00 u 0.45 J 

5.00 U 5.90 J 

17.00 u 2.90 

17.00 u 0.54 u 
17.00 u 3.50 u 



Drum# Site 

017444 INEL 

017453 INEL 

017486 INEL 

017491 INEL 

017495 INEL 

017496 INEL 

017698 RFETS 
017709 INEL 

017728 RFETS 
017742 INEL 

017756 RFETS 
017759 INEL 

017788 INEL 

017863 JNEL 

OISHI RFETS 
018219 RFETS 
018299 INEL 

018413 INEL 

018441 INEL 

018464 INEL 

018476 INEL 

018491 INEL 

019410 INEL 

019413 INEL 

019572 INEL 

Waste Matrix 
Code Group -

Graphite 

Solidified Organics 

Solidified lnorganics 

Graphite 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Filter 

Solidified Inorganics 

Solidified Inorganics 

Filter 

Graphite 

Graphite 

Graphite 

Solidified Inorganics 

Graphite 

Lead/Cadmium Metal 

Lead/Cadmium Metal 

Lead/Cadmium Metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cydo

hellllne 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

215 300 17.00 u 0.03 u 3.60 0.04U 0.091 

212 3 5.00 u 36.00 u 690.00 1 51.00U 6300.01 

211 I 17.00 u 0.17 u 13.00 0.16U 1.40 

215 300 17.00 u 0.19 u 43.00 0.17U O.l9U 

218 442 17.00 u 0.o7 1 2.60 0.04U 0.351 

218 442 17.00 u 0.03 u 1.00 0.04U 0.231 

211 292 5.00 u 2.30 u 510.00 1 3.30U 3.SO 1 

211 I 17.00 u 0.02 u 4.70 0.02U 0.251 

211 I 5.00 u 0.66 u 61.00 u 0.93 u 3.00 JB 

218 440 17.00 u 0.56 U 33.00 110.00 0.54U 

226 432 17.00 u 1.60 u 230.00 u 2.30U l.60U 

226 432 17.00 u l.10 u 240.00 l.60U l.IOU 

211 7 17.00 u 1.20 u 210.00 l.20U 1.30 u 

119 376 17.00 u 0.09 u 0.3S 1 0.231 0.161 

211 I 5.00 u 0.01 u 2.20 1 0.02U 0.47 

211 7 5.00 u 1.10 u 160.00 1 l.60U l.IOU 

119 376 17.00 u 0.24 1 0.29 1 0.271 0.14 u 

115 300 5.00 u 0.01 u 0.12 0.01 u 0.091 

115 300 17.00 u 0.03 u O.o7 1 0.04U 0.061 

115 300 5.00 u 0.02 J 0.49 0.02U 0.41 

111 292 5.00 u 0.09 u 0.23 J 0.221 0.121 

115 300 17.00 u 0.03 u 0.o7 1 0.04U 0.091 

123 339 5.00 u 0.61 u 0.9S U 0.86U 83.00 D 

123 339 5.00 u s.so 1 7.70 J 3.SOU 430.00 

123 339 17.00 u 3.70 0.34 J 0.30J 7.90 
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Benzene 

0.03 u 
41.00 u 

0.43 1 

0.19 u 
0.03 u 

0.03 u 
2.60 

0.04 1 

0.15 

0.64 u 

I.SO 

l.30 u 
l.30 u 
0.11 u 

0.02 

1.20 

0.26 1 

0.01 u 
l.10 

0.01 u 
0.10 u 
0.03 u 
0.70 u 
3.10 u 
0.52 J 

1,2-Dl
chloro
ethane 

0.03 u 
33.00 u 

0.16 u 

0.18 u 

0.03 u 
0.03 u 
2.10 u 
0.02 u 
0.59 U 

0.60 1 

1.40 u 
1.00 u 

1.20 u 
0.13 1 

0.01 u 
0.99 u 
0.13 u 

0.01 u 
0.03 u 
0.01 u 

0.08 u 
0.03 u 

o.ss u 

2.40 u 
0.81 

Trlcbloro-
1-Butanol etbene 

17.00 u 0.09 1 

5.00 U 33.00 u 

17.00 u 0.75 1 

17.00 u 0.74 1 

17.00 u 0.04 1 

17.00 u 0.03 

5.00 U 2.50 1 

17.00 u 0.14 1 

5.00 U 0.60 u 

17.00 u 2.00 

17.00 u 2.20 u 

17.00 u 1.00 u 

17.00 u 1.20 u 
17.00 u 0.08 u 
5.00 U 0.02 1 

5.00 U 4.10 1 

17.00 u 0.13 u 
5.00 U 0.01 u 

17.00 u 0.03 u 
5.00 U 0.01 u 

5.00 U 0.08 u 

17.00 u 0.03 u 

S.00 U 0.5S U 

S.00 U 2.40 u 

17.00 u o.os u 



Drum# Site 

021031 RFETS 
021172 RFETS 

021306 INEL 

021392 RFETS 
021442 INEL 

021488 RFETS 
021503 RFETS 
021511 RFETS 
021512 INEL 

021523 INEL 

021565 INEL 

021572 INEL 

021600 RFETS 
021631 INEL 

021698 INEL 

021699 INEL 

021700 RFETS 
021806 INEL 

021816 INEL 

021865 INEL 

021993 INEL 

022000 INEL 

022036 INEL 

022038 RFETS 
022052 INEL 

Waste Matrix 
Code Group . 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

214 292 5.00 u 0.04 u 0.18 1 0.06U 0.241 

218 442 5.00 u 0.01 1 0.84 1 0.02U 0.14 B 

213 4 17.00 u 0.03 u 1.80 0.04U 0.141 

214 292 5.00 u 0.15 u 32.00 u 0.22U 19.00 

211 I 17.00 u 0.52 u 98.00 0.49U 0.54U 

218 442 5.00 u 0.21 1 3.20 1 0.05U 7.50E 

218 440 5.00 u 0.16 u 18.00 u 0.22U 0.291 

213 4 5.00 u 0.04 u 6.80 u 0.06U 0.161 

211 7 17.00 u 0.89 u 110.00 l.30U 0.87U 

226 432 17.00 u 0.57 u 66.00 0.80U 0.55 u 

211 7 17.00 u 0.93 u 190.00 0.87U 0.971 

211 7 17.00 u 0.48 u 92.00 0.45 u 0.50U 

211 I 5.00 u 0.26 u 55.00 0.37U 0.401 

218 442 17.00 u 0.03 u 8.60 E 0.04U 0.32 J 

218 440 17.00 u 1.00 u 37.00 86.00 2.30 

213 4 68.00 u 0.31 u 47.00 0.44U 0.68 J 

213 4 5.00 u 0.04 1 0.26 0.01 u 0.48 

218 440 17.00 u 0.22 u 16.00 84.00 0.441 

211 I 17.00 u 0.11 u 29.00 0.lOU 0.311 

211 l 17.00 u 0.89 u 120.00 l.30U 0.87U 

211 2 17.00 u 0.42 u 51.00 0.59U 0.41 u 

218 440 17.00 u 1.10 18.00 0.13 u 0.321 

217 480 17.00 u 0.32 J 19.00 O.o7U 0.101 

217 481 18.00 J 0.38 1 29.00 0.24U l.SOIB 

217 481 17.00 u 0.02 1 0.84 1 0.02 u o.oi u 
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Bemene 

0.08 

0.01 

0.03 u 

0.18 

0.54 u 

0.04 

0.18 

0.05 

1.00 u 

2.30 

0.97 u 

0.50 u 

0.30 

0.04 J 

1.20 u 

0.35 u 

0.01 

0.22 u 

0.31 1 

1.00 u 

0.48 u 

0.21 1 

0.33 1 

0.51 

0.01 u 

1,2-Dl
chloro
ethane 

0.04 u 

0.01 u 

0.03 u 

0.14 u 

0.50 u 

0.03 u 

0.14 u 

0.04 u 

0.81 u 

0.51 u 

0.89 u 

0.46 u 

0.24 u 

0.09 1 

0.95 u 

0.28 u 

0.01 u 

0.33 1 

0.11 u 

0.81 u 

0.38 u 

0.08 u 

O.o7 1 

0.16 u 

0.02 u 

Trichloro-
1-Butanol ethene 

5.00 u 0.05 1 

5.00 u 0.02 1 

17.00 u 0.03 1 

5.00 u 0.14 u 

17.00 u 7.20 

5.00 u 0.33 1 

5.00 u 0.14 u 

5.00 u 0.04 u 

17.00 u 5.00 1 

17.00 u 0.52 u 

17.00 u 1.00 

17.00 u 0.78 11 

5.00 u 3.40 

17.00 u 2.20 

17.00 u 16.00 

68.00 u 26.00 

5.00 u 0.13 

17.00 u 6.60 

17.00 u 0.11 u 
17.00 u 0.81 u 
17.00 u 3.00 1 

17.00 u 6.20 

17.00 u 3.00 

5.00 u 1.50 

17.00 u 0.02 u 



Drum# Site 

022102 INEL 

022105 INEL 

022119 INEL 

022121 INEL 

022135 INEL 

022136 RFETS 
022149 RFETS 
022224 INEL 

022226 RFETS 
022228 INEL 

022230 INEL 

022249 INEL 

022275 INEL 

022286 RFETS 
022296 INEL 

022306 INEL 

022338 INEL 

022347 INEL 

022358 INEL 

022416 RFETS 
022434 INEL 

022442 INEL 

022450 RFETS 
022453 RFETS 
022486 RFETS 

W•ste M•trlx 
Code Group -

Solidified Organics 

Solidified Inorganics 

Inorganic Non-metal 

Solidified Inorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategoriz.ed Metal 

Uncategorized Metal 

Uncategoriz.ed Metal 

Solidified Inorganics 

Inorganic Non-metal 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Solidified lnorganics 

Inorganic Non-metal 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

t,t,t-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

heune 

Cmrbon 
Tetr•
chlorlde Code Code Ketone Chloroform eth•ne 

226 432 17.00 u 0.09 u 17.00 0.13 u 0.201 

211 1 17.00 u 0.39 u 50.00 0.55U 0.501 

222 371 17.00 u 0.50 u 66.00 0.71 u 0.49U 

211 7 17.00 u 0.17 u 38.00 0.16U 0.23 J 

211 7 17.00 u 0.64 u 92.00 0.91 u 0.62U 

211 7 5.00 u 0.82 u 160.00 u l.20U 0.80U 

21 I 7 5.00 u 0.20 u 38.00 u 0.29U 0.20U 

211 I 17.00 u 0.39 u 39.00 0.55U 0.38U 

222 371 5.00 u 1.10 u 200.00 u l.60U l.OOU 

222 371 17.00 u 0.14 u 24.00 0.20U 0.21 J 

222 371 17.00 u 0.11 u 29.00 E 0.16U 0.19 J 

217 480 17.00 u 1.90 u 480.00 l.BOU l.90U 

217 480 17.00 u 0.42 u 94.00 0.39U 0.43 u 
217 480 6.10 J 0.47 u 96.00 J 0.67U 0.46U 

211 1 17.00 u 0.93 u 150.00 0.87U 0.96U 

218 440 17.00 u 0.84 u 15.00 34.00 0.81 u 
212 3 17.00 u 820.00 J 18000 160.00 u 10000 

218 440 17.00 u 2.10 58.00 0.27U 0.30U 

217 480 17.00 u 0.02 u 8.10 E 0.02U 0.16 J 

217 320 5.00 u 1.10 7.60 J 0.07U 0.12 J 

226 432 17.00 u 0.36 u 55.00 0.52U 0.35 u 
226 432 17.00 u 1.07 u 138.50 I.SOU I.OS U 

217 320 5.00 u 0.12 J 11.00 u 0.12U 0.13 m 

211 2 5.00 u 0.07 u 15.00 O.IOU 0.45 J 

218 440 5.00 u 1.70 u 120.00 110.00 1.80 m 

c 

Benzene 

2.00 

0.45 u 

0.58 u 

0.17 u 
0.74 u 
0.94 

0.24 

0.45 u 
1.20 

0.16 u 
0.13 u 
1.90 u 

0.72 J 

0.54 

0.96 u 
0.96 u 

130.00 u 

0.43 J 

I.SO 

0.06 

1.50 

2.0S J 

0.09 

0.13 

1.90 

1,2-Dl
chloro
eth.ue 

0.08 u 
0.35 u 

0.46 u 
0.16 u 

0.58 u 
0.74 u 
0.19 u 
0.35 u 
0.99 u 
0.13 u 
0.10 u 
1.80 u 
0.40 u 
0.42 u 
0.88 u 
0.76 u 

100.00 u 
0.28 u 
0.02 u 
0.16 J 

0.33 u 
0.98 u 
0.07 u 
O.o7 U 

I.SO U 

Trlchloro-
t-But.uol ethene 

17.00 u 0.68 J 

17.00 u 20.00 

17.00 u 0.46 u 

17.00 u 0.16 u 

17.00 u 0.58 u 

11.00 J 0.75 u 
5.00 U 0.19 u 

17.00 u 60.00 

5.00 U 0.99 u 
17.00 u 0.13 u 
17.00 u 0.10 u 

17.00 u 1.80 u 

17.00 u 0.40 u 

5.00 U 0.59 J 

17.00 u 7.00 

17.00 u 1.10 

17.00 u 100.00 u 

17.00 u 0.28 u 
17.00 u 0.04 J 

5.00 U 0.40 J 

17.00 u 3.00 

17.00 u 0.98 u 
S.00 U O.o7 U 

S.00 U 5.10 

S.00 U 42.00 



Drum# Site 

022511 INEL 

022513 INEL 

022517 INEL 

022539 INEL 

022549 INEL 

022552 INEL 

022557 INEL 

022595 INEL 

022600 RFETS 

022780 INEL 

022789 INEL 

022790 INEL 

022803 INEL 

022807 LNEL 

022811 INEL 

022833 INEL 

022841 INEL 

022850 INEL 

022874 INEL 

022894 INEL 

022923 INEL 

023005 INEL 

023027 RFETS 

023041 RFETS 

023046 RFETS 

Waste Matrix 
Code Croup . 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Salt Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,l-Trl 
TruCon JDC Methyl ethyl chloro- Cydo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

217 480 17.00 u 0.86 u 130.00 l.20U 0.84 u 

212 1 17.00 u 0.25 u 30.00 0.36U 0.24U 

226 432 17.00 u 0.11 u 23.00 B 0.15 u 0.27 J 

226 432 17.00 u 0.11 u 7.20 0.15U 0.261 

217 480 17.00 u 1.40 u 230.00 2.00U l.40U 

218 442 17.00 u 0.32 u 44.00 0.46U 0.31 u 

217 480 17.00 u 0.66 u 130.00 0.62U 0.79 J 

211 I 17.00 u 0.32 u 63.00 0.30U 0.33 u 

213 4 130.00 u 0.26 u 46.00 0.36U 0.25 u 

211 7 17.00 u 0.47 u 130.00 0.44U 0.78 J 

211 7 17.00 u 0.62 u 82.00 0.88U 0.60U 

214 292 17.00 u 1.50 51.00 0.21 u 1.40 

222 371 17.00 u 0.59 u 80.00 0.83U 0.57 u 

224 414 17.00 u 0.12 u 15.00 0.16 u 0.25 J 

211 7 17.00 u 0.39 u 75.00 0.37U 0.54 J 

211 7 17.00 u 2.80 u 490.00 2.60U 2.90U 

211 7 17.00 u 1.50 u 290.00 l.40U l.50U 

211 7 17.00 u 0.93 u 170.00 0.87U 0.96U 

222 371 17.00 u 0.20 u 34.00 0.28U 0.36 J 

211 1 17.00 u 0.13 u 38.00 0.12U 0.93 J 

218 440 17.00 u 0.36 u 50.00 0.52 u 0.35 u 

211 7 17.00 u 0.17 u 14.00 0.24U 0.30 J 

217 480 5.00 u 0.16 u 34.00 B 0.23 u 0.70 JB 

222 371 5.00 u 0.29 J 39.00 J 0.38 u I. 70 JB 

211 7 5.00 u 0.47 u 97.00 u 0.67U 0.70 J 
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Benzene 

0.99 u 

0.29 u 

2.50 J 

3.20 

1.60 u 

0.37 u 

0.68 u 

0.33 u 

0.34 

0.48 u 

0.71 u 

0.23 u 

0.67 u 

0.13 u 

0.40 u 

2.90 u 

1.50 u 

0.97 u 

0.22 u 

0.14 u 

0.42 u 

0.19 u 

0.19 

0.31 

0.54 

1,2-Dl
chloro
ethane 

0.78 u 

0.23 u 

0.10 u 

0.10 u 

1.30 u 

0.29 u 

0.62 u 

0.30 u 

0.23 u 

0.44 u 

0.56 u 

0.21 u 

0.53 u 

0.10 u 

0.37 u 

2.60 u 

1.40 u 

0.88 u 

0.18 u 

0.13 u 

0.33 u 

0.15 u 

0.15 u 

0.24 u 

0.42 u 

Trkhloro-
1-Butanol ethene 

17.00 u 0.79 u 

17.00 u 1.50 J 

17.00 u 0.94 J 

17.00 u 0.31 J 

17.00 u 1.30 u 

17.00 u 0.54 J 

17.00 u 0.63 u 

17.00 u 0.30 u 

130.00 u 9.00 

17.00 u 0.44 u 

17.00 u 0.56 u 

17.00 u 0.21 u, 

17.00 u 0.53 u 

17.00 u 0.11 u 

17.00 u 0.37 u 

17.00 u 2.60 u 

17.00 u 1.40 u 

17.00 u 0.88 u 

17.00 u 0.18 u 

17.00 u 0.13 u 

17.00 u 0.33 u 

17.00 u 0.15 u 

5.00 u 4.50 B 

5.00 u 0.28 J 

5.00 u 0.43 u 



Drum# Site 

023048 RFETS 
023062 INEL 

023211 INEL 

023212 RFETS 
023227 INEL 

023229 INEL 

023235 RFETS 
023238 INEL 

023277 INEL 

023285 INEL 

023312 INEL 

023341 RFETS 
023357 INEL 

023383 RFETS 
023384 INEL 

023388 INEL 

023392 INEL 

023407 INEL 

023460 INEL 

023469 INEL 

023492 INEL 

023519 INEL 

023535 INEL 

023552 INEL 

023662 INEL 

W•ste M•trlx 
Code Group -

Solidified Organics 

Solidified lnorganics 

Filter 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetr•
chlorlde Code Code Ketone Chloroform eth•ne 

226 432 17.00 u 0.39 u 60.00 u 0.55 u 0.38 u 

211 7 17.00 u 0.17 u 18.00 0.24U 0.18 J 

119 376 17.00 u 0.06 u 0.10 J o.o8U 0.47 J 

217 480 5.80 J 0.63 J 94.00 u 0.78U I.IO J 

217 480 17.00 u 0.09 u 12.00 0.13 u 0.12 J 

216 337 17.00 u 0.56 u 74.00 0.79U 0.55 J 

216 336 7.10 J 0.15 u 29.00 u 0.21 u 5.70 

211 I 17.00 u 0.20 u 43.00 0.19U 1.80 

222 371 17.00 u 0.98 u 130.00 1.40 u 0.95 u 

211 7 17.00 u 1.90 u 260.00 2.60U l.BOU 

217 480 17.00 u 0.93 u 180.00 0.87U 0.96U 

211 7 5.00 u 0.01 u 4.60 J 0.01 u 0.18 

211 I 17.00 u 0.14 u 19.00 0.20U 0.26J 

217 481 5.00 u 0.02 J 0.88 u 0.01 u 0.03IB 

223 339 15.00 u 0.44 J 32.00 O.IOU O.IOU 

216 330 18.00 u 0.06 u 23.00 0.09U 0.09U 

213 4 43.00 u 0.63 u 80.00 0.89U 0.61 u 
212 3 17.00 u 22.00 u 360.00 31.00U 3200.0 

218 442 17.00 u 0.31 J 5.40 0.04U 0.19 J 

212 3 17.00 u 86.00 E 280.00 E 0.48 u 300.00 E 

211 7 17.00 u 0.70 u 78.00 0.99U 0.68U 

212 3 17.00 u 8.80 140.00 3.30U 640.00 

211 7 17.00 u 0.93 u 180.00 0.87U 0.96U 

211 I 17.00 u 0.78 u 100.00 I.IOU 0.76 u 
218 442 17.00 u 0.73 J 16.00 0.13U 0.38 J 

:77 

Benzene 

0.86 

0.19 u 
o.41 J 

0.63 

0.11 u 
0.64 u 
1.00 

0.21 u 

l.10 u 

2.10 u 
0.97 u 
0.05 

0.16 J 

0.03 

0.11 J 

0.06 u 

0.72 u 
25.00 u 

0.12 J 

0.38 u 

0.80 u 

3.70 u 

0.96 u 
0.90 u 
0.11 J 

1,2-Dl
chloro
eth8De 

0.35 u 
0.15 u 
0.05 u 
0.50 u 

0.08 u 
0.50 u 
0.13 u 

0.20 u 
0.88 u 
1.70 u 
0.89 u 
0.04 J 

0.13 u 
0.01 u 

0.21 J 

0.08 u 
0.57 u 

20.00 u 
0.24 J 

0.30 u 
0.63 u 

3.40 u 

0.88 u 

0.71 u 

0.15 J 

Trlchloro-
1-But.nol ethene 

17.00 u 0.36 u 
17.00 u 0.15 u 
17.00 u 0.05 u 
7.50 J 0.50 u 

17.00 u 0.08 u 
17.00 u 0.51 u 
5.00 u 0.13 u 

17.00 u 0.20 u 
17.00 u 0.89 u 

17.00 u 1.70 u 
17.00 u 0.89 u 

5.00 u 0.06 J 

17.00 u 0.16 J 

5.00 u 0.01 u 
15.00 u 0.11 u 

18.00 u 0.09 u 
43.00 u 0.57 u 

17.00 u 20.00 u 

17.00 u 0.45 J 

17.00 u 3.10 J 

17.00 u 0.63 u 
17.00 u 3.40 u 
17.00 u 0.88 u 
17.00 u 0.71 u 

17.00 u 1.80 



Drum# Site 

023681 INEL 

023695 RFETS 

023771 RFETS 

023776 INEL 

023805 INEL 

023827 RFETS 

023840 INEL 

023901 INEL 

023929 RFETS 

023959 INEL 

024028 RFETS 

024029 INEL 

024058 INEL 

024059 INEL 

024088 INEL 

024090 INEL 

024092 INEL 

024095 INEL 

024102 INEL 

024106 INEL 

024113 INEL 

024147 INEL 

024165 INEL 

024168 INEL 

024185 INEL 

Waste Matrix 
Code Group 

Solidified Inorganics 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Inorganics 

Solidified Inorganics 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Solidified Inorganics 

Combustible 

Heterogeneous 

Salt Waste 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,l-Trl 
TruCon IDC Methyl ethyl cbloro- Cyclo

bexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

211 1 17.00 u 0.34 u 69.00 0.48U 0.401 

211 2 5.00 u 0.17 u 33.00 J 0.24U 0.19 J 

216 330 12.00 J 0.18 u 7.70 J 0.72J l.IOIB 

216 330 15.00 u 0.37 u 56.00 0.52U 0.36U 

217 480 17.00 u 0.23 J l.20 0.02U 0.10 J 

217 320 5.00 u 0.ll 1.40 J 0.01 u 0.108 

216 337 18.00 u 58.00 76.00 0.33 u 0.32U 

216 330 18.00 u 0.22 u 91.00 0.31 u 0.36 J 

218 440 0.60 u 0.56 u 42.00 u 32.00 I.Born 

217 480 17.00 u 1.20 u 170.00 I.BOU l.20U 

218 440 5.00 u 0.19 J 21.00 u 0.16U 1.00 J 

217 480 17.00 u 0.01 u 1.20 0.02U 0.02U 

211 1 17.00 u 0.42 u 51.00 0.59U 0.41 u 
214 292 17.00 u 0.17 u 30.00 0.24U 0.26 J 

216 337 15.00 u 0.32 u 48.00 B 0.45U 0.31 u 
216 337 18.00 u 26.00 48.00 30.00 0.47U 

216 337 17.00 u 11.00 180.00 2.00U 140.00 

216 337 18.00 u 53.00 12.00 0.20U 0.20U 

216 337 17.00 u 47.00 65.00 0.68U 0.46 u 
216 337 15.00 u 53.00 88.00 0.99U 3.80 

216 337 17.00 u 35.00 29.00 0.30U 22.00 

211 1 17.00 u 0.64 u 86.00 0.91 u 0.62 u 

216 337 15.00 u 68.00 48.00 0.70U 0.48 u 
216 330 17.00 u 0.08 J 3.00 0.04U 0.09 J 

224 409 17.00 u 0.03 u 5.60 0.04U 0.33 J 

C2- 78 

Benzene 

0.38 u 

0.20 

4.90 

0.42 u 
0.12 J 

0.03 

0.21 u 
0.20 u 
0.64 

1.40 u 
0.13 

0.08 J 

0.48 u 
0.19 u 
0.37 u 
0.31 u 
1.60 u 

0.13 u 
0.54 u 
0.80 u 

0.24 u 

0.74 u 

0.56 u 

0.56 J 

0.04 u 

1,2-Dl
cbloro
ethane 

0.30 u 

0.16 u 

0.16 u 
0.33 u 
0.11 J 

0.05 J 

0.29 u 
0.28 u 
0.50 u 
l.10 u 
0.10 u 
0.02 u 

0.38 u 
0.15 u 

0.29 u 
0.44 u 
1.30 u 

0.18 u 

0.43 u 
0.63 u 
0.19 u 

0.58 u 

0.45 u 

0.05 J 

0.03 u 

Trlchloro-
1-Butanol ethene 

17.00 u 33.00 

5.00 U 1.60 J 

5.00 U 0.23 J 

15.00 u 10.00 

17.00 u 0.23 J 

5.00 U 0.01 J 

18.00 u 0.34 u 
18.00 u 19.00 

5.00 U 0.50 u 
17.00 u l.10 u 
5.00 U 0.11 u 

17.00 u 0.02 u 
I 

17.00 u 22.00 

17.00 u 1.40 J 

15.00 u 2.10 B 

18.00 u 0.61 J 

17.00 u 2.40 

18.00 u 1.80 

17.00 u 12.00 

15.00 u 20.00 

17.00 u 3.40 

17.00 u 0.58 u 
15.00 u 1.60 

17.00 u 0.32 J 

17.00 u 0.04 J 



Drum# Site 

024254 INEL 

024271 INEL 

024273 INEL 

024289 RFETS 

024295 INEL 

024308 INEL 

024309 INEL 

024311 INEL 

024318 INEL 

024506 INEL 

024507 INEL 

024600 INEL 

024638 INEL 

024670 INEL 

024765 INEL 

024786 INEL 

024850 INEL 

024884 INEL 

024897 INEL 

024920 INEL 

024991 INEL 

025001 INEL 

032284 INEL 

032287 RFETS 

032467 INEL 

Waste Matrix 
Code Group -

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Organics 

Combustible 

Solidified lnorganics 

Combustible 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

bexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

224 414 17.00 u 0.05 u 5.00 0.07U 0.201 

218 442 17.00 u 0.09 u 21.00 E 0.13 u 0.311 

218 442 17.00 u 0.18 u 33.00 0.26U 0.441 

218 440 5.00 u 0.33 u 61.00 76.00 0.581 

224 414 17.00 u 0.09 u 7.50 0.13U 0.281 

211 2 17.00 u 0.14 u 16.00 0.20U 0.471 

211 2 17.00 u 0.11 u 14.00 O.l6U 0.281 

211 2 41.00 u 0.23 u 18.00 0.32U 0.301 

211 2 17.00 u 0.23 u 27.00 0.32U 0.481 

122 374 17.00 u 0.06 u 0.12 1 0.08U 0.121 

117 480 17.00 u 0.07 u 0.68 1 0.471 0.161 

217 480 17.00 u 0.25 u 42.00 0.36U 0.561 

216 330 15.00 u 0.12 u 24.00 0.18 u 0.12 u 

211 I 17.00 u 0.50 u 63.00 0.71 u 0.541 

217 480 17.00 u 0.04 u 14.00 0.05U 0.05 u 
217 480 17.00 u 0.34 u 56.00 0.48U 0.32U 

226 432 17.00 u 0.09 u 17.00 0.13 u 0.211 

217 480 17.00 u 0.49 1 30.00 0.32U 29.00 

211 I 17.00 u 0.22 u 23.00 0.32U 0.271 

211 I 17.00 u 0.64 u 81.00 0.91 u 0.62U 

211 l 17.00 u 0.31 u 35.00 0.44 u 0.681 

212 3 17.00 u l.10 u 140.00 1.60 u I.IOU 

223 339 17.00 u l.10 97.00 0.33 u 0.32 u 

211 7 5.00 u l.10 u 200.00 u 1.60 u I.IOU 

216 337 17.00 u 0.22 u 38.00 0.32 u l.00 

79 

Benzene 

0.05 u 
0.12 1 

0.21 u 

0.38 

0.11 u 
0.16 u 
0.13 u 
0.26 u 
0.26 u 

0.06 u 

0.08 u 
0.29 u 
0.14 u 
0.58 u 
0.03 u 
0.38 u 
5.10 

0.26 u 
0.26 u 
0.74 u 
0.35 u 

l.30 u 
0.33 1 

1.30 

0.26 u 

1,2-Dl
chloro
ethane 

0.04 u 
0.08 u 
0.16 u 
0.41 1 

0.08 u 
0.13 u 
0.10 u 
0.20 u 
0.20 u 
0.05 u 
0.06 u 
0.23 u 
0.11 u 
0.46 u 
0.04 u 
0.30 u 
0.08 u 
0.20 u 

0.20 u 

0.58 u 
0.28 u 
1.00 u 
0.62 1 

0.99 u 
0.20 u 

Trlchloro-
1-Butanol etbene 

17.00 u 1.70 

17.00 u 3.10 

17.00 u 4.50 

5.00 u 18.00 

17.00 u 12.00 

17.00 u 8.40 

17.00 u 6.10 

41.00 u 6.60 

17.00 u 16.00 

17.00 u 0.05 u 
17.00 u 0.06 u 
17.00 u 14.00 

15.00 u 10.00 

17.00 u 0.46 u 
17.00 u 0.05 u 
17.00 u 0.30 u 
17.00 u 0.51 1 

17.00 u 7.40 

17.00 u 7.60 

17.00 u 36.00 

17.00 u 16.00 

17.00 u 47.00 

17.00 u 0.34 u 

5.00 u LOO U 

17.00 u 0.20 u 

JJj, 



Drum# Site 

032469 RFETS 

032473 INEL 

032485 INEL 
032517 RFETS 
032521 INEL 

032525 INEL 
032526 INEL 
032529 INEL 

032540 INEL 

032632 INEL 

032659 RFETS 
032669 RFETS 
032712 INEL 
032715 RFETS 
032748 INEL 

032753 INEL 
033091 INEL 

001332 RFETS 

006288 RFETS 

006339 RFETS 
011129 RFETS 
013364 RFETS 
015680 RFETS 
DI 7184 RFETS 
032439 RFETS 

Waste Matrix 
Code Group -

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Heterogeneous 

Filter 

Heterogeneous 

Filter 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Filter 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon JDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

216 337 500 u 0.36 u 51.00 u 48.00 0.35 u 
216 337 15.00 u 26.00 200.00 B 2.IOU l.40U 

216 337 15.00 u 19.00 53.00 68.00 0.84 u 
223 339 5.00 u 0.48 J 14.00 J 0.12U 0.26 JB 

223 339 17.00 u 1.10 14.00 0.07U 0.10 J 

223 339 17.00 u 0.70 J 12.00 0.04U 0.07 J 

223 339 15.00 u 24.00 70.00 0.61 u 130.00 

216 336 1.30 u 0.19 u 250.00 E 0.27U 1.10 

217 480 17.00 u 0.36 u 60.00 0.52U 0.35 u 
217 480 17.00 u 0.11 u 44.00 O.l6U 0.21 J 

217 480 5.00 u 0.29 u 57.00 u 0.41 u 0.16 u 

217 480 5.00 u 0.31 u 61.00 u 0.44U 0.30U 

217 480 17.00 u 0.27 u 40.00 0.38U 0.51 J 

216 337 5.00 u 2.20 13.00 J 0.12U 4.90 

223 339 2.30 J 0.19 u 84.00 0.27U 1.10 

217 481 17.00 u 0.03 u 2.80 0.04U 0.07 J 

223 339 17.00 u 0.11 J 2.60 0.02U 0.03 J 

116 832 7.06 J 0.50 u 0.50 u 0.50U 0.50U 

119 338 0.50 u 0.10 u 0.10 u O.IOU O.IOU 

0 337 12.73 J 0.28 J 0.20 u 0.20U 0.20U 

119 338 0.50 u 0.18 J 0.10 u O.IOU O.IOU 

117 480 10.47 J 0.78 J 0.27 J 0.18 J 2.45 

116 831 333.33 u 66.67 u 4587.4 66.67 u 66.67U 

111 800 0.90 u 0.10 u 0.32 J 0.391 0.23 J 

119 338 0.67 J 0.62 J 0.10 u O.lOU O.lOU 

C2- 80 

Benzene 

0.42 

1.70 u 
1.00 u 
0.18 

0.31 J 

0.27 J 

0.38 u 
0.21 u 
2.70 

0.10 u 

0.33 

0.36 

0.30 u 

0.10 

0.21 u 
0.03 u 

0.60 J 

0.50 u 

0.10 u 

3.45 

0.10 u 
0.55 J 

66.67 u 

0.83 J 

0.10 u 

1,2-Dl
chloro
ethane 

0.33 u 
1.40 u 
0.78 u 
0.29 J 

0.51 J 

0.83 J 

0.55 u 

0.30 u 
0.33 u 
0.14 u 
0.26 u 

0.28 u 

0.24 u 
0.08 u 
0.30 u 

0.03 u 

0.05 J 

0.50 u 

0.10 u 

0.44 J 

0.36 J 

0.33 J 

66.67 u 

0.10 u 

0.13 J 

Trlchloro-
1-Butanol ethene 

5.00 u 0.33 u 
15.00 u 1.40 u 
15.00 u 0.79 u 
5.00 u 0.10 J 

17.00 u 0.10 J 

17.00 u 0.04 u 
15.00 u 0.63 u 

1.30 u 0.31 u 
17.00 u 0.33 u 
17.00 u 0.16 u 

5.00 u 0.26 u 
5.00 u 0.28 U1 

17.00 u 0.24 u 
5.00 u 1.00 J 

1.30 u 0.31 u 

17.00 u 0.03 u 

17.00 u 0.02 u 

9.11 J 0.50 u 

1.10 u 0.10 u 

4.78 J 0.20 u 
1.13 J 0.10 u 

0.50 u 0.10 u 

733.33 u 66.67 u 
0.50 u 0.10 u 

1.10 u 0.10 u 



Drum# Site 

032978 RFETS 
035301 RFETS 

035306 RFETS 
036606 RFETS 
038859 RFETS 
038989 RFETS 
041681 RFETS 
042280 RFETS 
047501 RFETS 
048182 RFETS 
048200 RFETS 
048377 RFETS 
049662 RFETS 
049880 RFETS 
052318 RFETS 
052362 RFETS 
052726 RFETS 
053672 RFETS 
055656 RFETS 
055680 RFETS 
055938 RFETS 
056095 RFETS 
056595 RFETS 
056755 RFETS 
056823 RFETS 

Waste Matrix 
Code Group . 

Solidified lnorganics 

Solidified lnorganics 

Lead/Cadmiwn Metal 

Uncategorized Metal 

Solidified lnorganics 

Heterogeneous 

Filter 

Solidified Organics 

Lead/Cadmiwn Metal 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified Inorganics 

Heterogeneous 

Lead/Cadmiwn Metal 

Heterogeneous 

Heterogeneous 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

111 803 28.34 u 5.61 u 429.17 5.67U 5.67U 

111 800 0.90 u 0.10 u 0.10 u O.lOU 0.10 J 

123 339 3.12 J 3.87 0.20 u 0.20U 0.20U 

117 480 2.00 u 0.40 u 1.08 J 0.40U 0.45 J 

111 803 0.90 u 0.10 u 0.10 u O.IOU O.lOU 

0 336 5.78 J 0.10 u 0.10 u 0.lOU 0.14 J 

119 338 3.58 J 0.47 J 0.10 u 0.lOU 0.lOU 

112 801 2083.3 u 1017.9 J 24947 416.67 u 30767 

0 341 4.50 J 0.10 u 0.10 u 0.lOU O.lOU 

119 376 3.60 u 0.40 u 0.40 u 1.83 J 0.40U 

116 831 72.00 u 8.00 u 349.15 8.00U 8.00U 

118 368 0.90 u 0.10 u 0.10 u O.lOU O.lOU 

0 292 0.50 u 0.10 u 0.10 u O.lOU O.lOU 

0 336 9.09 J 0.28 1 0.27 u 0.27U 0.27U 

117 321 0.61 J 0.10 u 0.10 u 0.lOU O.lOU 

116 821 1.80 u 0.20 u 2.01 1.051 0.311 

116 833 4.00 u 0.80 u 62.32 2.021 0.801 

118 440 2.93 J 0.20 u 0.36 J 0.53 J 0.251 

116 831 3.25 J 0.30 u 0.31 1 0.30U 0.331 

116 821 1.80 u 0.20 u 0.32 1 0.201 0.551 

116 831 1.80 u 0.20 u 0.68 1 0.40U 0.241 

0 337 0.50 u 0.10 u 0.10 u O.lOU O.IOU 

116 831 66.67 u 13.33 u 13.33 u 13.33 u 13.33 u 
116 821 0.90 u 0.10 u 0.32 J 0.11 J 0.52 J 

116 831 3.60 u 0.40 u 3.96 J 0.991 I.SO J 

~'i 1 

Bemene 

5.61 u 
0.10 u 

14.44 

0.40 u 
0.10 u 
8.13 

0.52 J 

416.67 u 
0.48 J 

0.40 u 
8.00 u 
0.15 J 

0.10 u 
39.84 

0.10 u 

0.20 u 
0.80 u 
0.20 u 
0.30 u 
0.20 u 
0.20 u 
0.10 u 

13.33 u 
0.10 u 
0.40 u 

1,2-Dl
chloro
ethane 

5.61 u 
0.10 u 
2.43 

0.40 u 
0.10 u 
0.10 u 
0.12 J 

416.67 u 
0.10 u 
0.40 u 

8.00 u 
0.10 u 
0.10 u 
0.27 u 
0.10 u 
0.20 u 
0.80 u 
0.20 u 
0.30 u 
0.20 u 
0.20 u 
0.10 u 

13.33 u 
0.10 u 
0.40 u 

Trlcbloro-
1-Butanol ethene 

62.34 u 5.61 u 
0.50 u 0.10 u 
2.20 u 0.20 u 
4.80 u 0.40 u 
1.20 J 0.10 u 
1.10 u 0.10 u 
1.10 u 0.10 u 

4583.3 u 416.67 u 
1.10 u 0.10 u 
2.00 u 0.40 u 

98.30 J 8.00 u 
0.87 J 0.10 u 
1.10 u 0.10 u 
2.94 u 0.27 u 
1.10 u 0.10 u 
1.00 u 0.20 u 
8.80 u 21.12 

1.00 u 0.20 u 
1.50 u 0.30 u 
1.00 u 0.20 u 
1.00 u 0.20 u 
1.10 u 0.10 u 

146.66 u 13.33 u 
0.50 u 0.10 u 
2.00 u 0.40 u 



Drum# Site 

057179 RFETS 
057522 RFETS 
057847 RFETS 
058143 RFETS 
058154 RFETS 
058627 RFETS 
058889 RFETS 
058970 RFETS 
059053 RFETS 
059703 RFETS 
059899 RFETS 
060056 RFETS 
060218 RFETS 
060298 RFETS 
060320 RFETS 
060463 RFETS 
060511 RFETS 
060635 RFETS 
061245 RFETS 
061278 RFETS 
061473 RFETS 
061504 RFETS 
061747 RFETS 
062340 RFETS 
062478 RFETS 

Waste Matrix 
Code Croup 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Lead/Cadmium Metal 

Heterogeneous 

Filter 

Lead/Cadmium Metal 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Inorganic Non-metal 

Filter 

Filter 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Heterogeneous 

Heterogeneous 

Filter 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

0 330 I0.00 u 2.00 u 108.25 2.00U 2.00U 

0 336 2.00 u 0.40 u 0.40 u 0.40U o.40U 

117 480 2.00 u 0.40 u 0.40 u 0.86J 0.40U 

111 807 0.90 u 0.10 u 0.10 u 0.88 J 0.21 J 

116 831 5.55 J 0.73 J 0.76 J 4.52 0.61 J 

116 831 1.00 u 0.20 u 0.51 J 0.20U 0.20U 

116 831 1.00 u 0.20 u 0.20 u 0.20U 0.20U 

111 807 0.90 u 0.10 u 0.43 J 0.57 J 0.69J 

0 341 2.26 J 1.17 0.10 u O.IOU O.lOU 

116 831 12.74 J 0.50 u 0.52 J 1.91 J 0.50U 

0 331 6.81 Ja 0.50 u 0.50 u 0.50U 0.50U 

0 341 2.57 J 1.94 J 0.27 u 0.27U 0.27U 

116 821 1.80 u 0.20 u 0.23 J 0.29J 0.35 J 

112 801 5160.0 u 573.33 u 12909 573.33 u 16369 

0 330 166.35 J 68.40 J 28.00 u 28.00U 1265.6 

118 440 0.90 u 0.14 J 0.10 u 0.26 J 0.10 J 

119 491 2.09 J 0.20 u 9.99 0.47 J 0.20U 

119 491 0.90 u 0.10 u 1.37 0.28 J O.lOU 

0 336 16.09 J 0.47 u 0.47 u 0.47U 0.47U 

0 336 2.96 J 4.74 0.27 u 0.27U 0.48 J 

0 377 2.70 u 0.30 u 0.30 u 0.66J 0.30U 

0 341 4.83 J 1.47 0.10 u 0.lOU 0.lOU 

0 330 7.76 J 0.27 u 0.27 u 0.27U 0.27U 

116 821 3.60 u 0.40 u 0.49 J 0.40U 0.40U 

119 376 3.60 u 0.40 u 0.40 u 2.69 J 0.40U 

C2- 82 

Benzene 

2.00 u 

1.06 J 

0.74 J 

0.10 u 

3.10 J 

0.20 u 

0.20 u 

0.10 u 

1.59 

0.77 J 

0.50 u 

3.53 

0.20 u 

573.33 u 

28.00 u 

0.12 J 

0.20 u 

0.10 u 

5.02 

22.81 

0.34 J 

5.11 

12.64 

0.40 J 

0.40 u 

1,2-Dl
chloro
ethane 

2.00 u 

0.40 u 

0.40 u 

0.10 u 

0.40 u 

0.20 u 

0.20 u 

0.10 u 

0.92 J 

0.50 u 

0.50 u 

2.10 J 

0.20 u 

573.33 u 

28.00 u 

0.10 u 

0.20 u 

0.10 u 

0.47 u 

1.12 J 

0.30 u 

0.77 J 

0.40 J 

0.40 u 

0.40 u 

Trlchloro-
1-Butanol ethene 

30.93 J 2.00 u 

4.40 u 0.40 u 

4.80 u 0.40 u 

0.50 u 0.10 u 

4.40 u 0.40 u 

2.20 u 0.20 u 

2.40 u 0.20 u 

0.51 J 0.10 u 

1.10 u 0.10 u 

6.00 u 0.50 u 

6.00 u 0.50 u 

2.94 u 0.27 U1 

2.21 J 0.20 u 

4036.8 J 573.33 u 

475.47 J 28.00 u 

2.21 J 0.10 u 

1.13 J 0.20 u 

0.50 u 0.10 u 

18.25 J 0.47 u 

2.94 u 0.27 u 

I.SO U 0.30 u 

9.60 J 0.10 u 
7.81 J 0.27 u 

2.00 u 0.40 u 

2.00 u 0.40 u 



Drum# Site 

062714 RFETS 
062851 RFETS 
062855 RFETS 
063098 RFETS 
063229 RFETS 

063281 RFETS 
063460 RFETS 

063654 RFETS 

063808 RFETS 

063817 RFETS 
063819 RFETS 
063999 RFETS 

064004 RFETS 
064137 RFETS 
064448 RFETS 
064555 RFETS 

064632 RFETS 

064752 RFETS 

064758 RFETS 

064860 RFETS 
065212 RFETS 
065213 RFETS 
065214 RFETS 
065530 RFETS 
065535 RFETS 

W•ste M•trlx 
Code Group -

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Solidified Inorpnics 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Solidified Inorpnics 

Filter 

Filter 

Filter 

Heterogeneous 

Solidified Orpnics 

Solidified Inorpnics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorpnics 

Solidified Inorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl cbloro- Cyclo

heune 

C•rhon 
Tetra
chloride Code Code Ketone Chloroform eth.ue 

116 831 5.00 u 1.00 u 30.09 1.00U 15.72 

116 825 2.70 u 0.30 u 3.32 1.341 0.48 J 

116 821 54.00 u 6.00 u 6.00 u 6.00U 214.07 

0 331 8.26 Ja 0.50 u 0.50 u 0.50U 0.50U 

116 831 1.80 u 0.20 u 0.20 1 l.431 0.26 J 

111 807 0.90 u 0.10 u 0.10 u 0.651 O.IOU 

116 831 0.90 u 0.10 u 2.43 l.09 l.36 

111 807 0.90 u 0.10 u 0.10 J 0.171 0.30 J 

116 831 7.20 u 0.80 u 45.12 2.421 l.77 J 

116 821 14.40 u l.60 u 1.60 u l.60U l.60U 

111 807 l.80 u 0.20 u l.40 1 0.441 2.30 

119 491 2.70 u 0.30 u 0.31 J 0.31 J 0.56 J 

0 331 5.58 Ja 0.40 u 0.40 u 0.40U 0.40U 

119 335 0.90 u 0.10 u 0.10 u O.IOU O.IOU 

116 821 990.00 u 110.00 u 110.00 u 110.00U 110.00 u 

112 801 5160.0 u 573.33 u 904.15 J 573.33 u 18198 

111 800 0.90 u 0.10 u 0.90 1 0.161 1.09 

117 480 10.00 u 2.00 u 175.17 2.00U 2.00U 

116 831 2.50 u 0.59 J 1.52 1 3.671 0.78 J 

116 831 60.00 u 12.00 u 681.08 12.00U 12.00 u 

116 831 45.00 u 9.00 u 664.72 9.00U 9.00U 

116 831 40.00 u 8.00 u 394.11 8.00U 8.00U 

116 831 663.00 u 73.67 u 4170.2 73.67U 73.67 u 

111 807 0.90 u 0.10 u 0.12 J 0.33 J O.IOU 

111 807 0.90 u 0.10 u 0.30 J 0.221 0.65 J 

'83 

Benzene 

l.00 u 

0.30 u 

6.00 u 

0.62 J 

0.20 u 

0.10 u 

0.10 J 

0.10 u 

0.80 u 

l.60 u 

0.20 u 

0.30 u 

0.86 la 

0.10 u 

110.00 u 

573.33 u 

0.70 J 

2.00 u 

0.86 J 

12.00 u 

9.00 u 

8.00 u 

73.67 u 

0.14 J 

0.10 u 

1,2-Dl
chloro
eth•ne 

l.00 u 

0.30 u 

6.00 u 

0.50 u 

0.20 u 

0.10 u 

0.10 u 

0.10 u 

0.80 u 

1.60 u 

0.20 u 

0.30 u 

0.40 u 

0.10 u 

110.00 u 

573.33 u 

0.10 u 

2.00 u 

0.50 u 

12.00 u 

9.00 u 

8.00 u 

73.67 u 

0.10 u 

O.IO U 

Trlchloro-
1-But.nol ethene 

12.00 u 1.00 u 

I.SO U 0.30 u 

30.00 u 6.00 u 

6.00 u 0.50 u 

l.00 u 0.20 u 

0.50 u 0.10 u 

0.50 u 0.10 u 

0.50 u 0.10 u 

4.00 u 0.80 u 

8.00 u l.60 u 

1.00 u 0.20 u 

I.SO U 0.30 u 

4.80 u 0.40 u 

0.50 u 0.10 u 

2110.9 1 110.00 u 

2866.6 u 573.33 u 

0.54 1 0.10 u 

24.00 u 2.00 u 

5.50 u 0.50 u 

144.00 u 12.00 u 

108.00 u 9.00 u 

96.00 u 8.00 u 

823.82 J 73.67 u 

0.50 u 0.10 u 

0.50 u 0.10 u 



Drum# Site 

065546 RFETS 
065600 RFETS 

065731 RFETS 

065734 RFETS 

065754 RFETS 
065757 RFETS 
065972 RFETS 

066128 RFETS 

066157 RFETS 

066162 RFETS 
066211 RFETS 
066213 RFETS 

066356 RFETS 
066378 RFETS 

066438 RFETS 

066523 RFETS 
066525 RFETS 

066631 RFETS 

066637 RFETS 
066641 RFETS 
066649 RFETS 
066773 RFETS 
066783 RFETS 
066792 RFETS 
066860 RFETS 

Waste Matrix 
Code Group 

Solidified Inorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Uncategorized Metal 

Lead/Cadmium Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

111 807 0.90 u 0.10 u 0.98 1 0.421 0.221 

111 807 0.90 u 0.10 u 0.14 1 0.161 O.IOU 

122 375 3.60 u 4.11 0.40 u 0.401 20.60 

117 480 6.30 u 0.70 u 2.27 1 0.70U 0.70U 

116 831 3.34 u 0.67 u 0.67 u 0.67U 0.67U 

116 831 15.00 u 3.00 u 34.29 3.00U 133.99 

119 376 2.70 u 0.30 u 1.99 1 2.261 2.30J 

116 831 2.50 u 0.52 1 1.13 J I.SO 1 21.90 

117 480 18.75 J 2.00 u 2.00 u 6.631 2.00U 

123 339 810.00 u 90.00 u 5612.3 90.00U 413.64 1 

116 833 0.90 u 0.10 u 0.19 1 O.lOU 0.381 

116 831 1.50 u 0.30 u 23.08 5.20 10.07 

116 831 833.33 u 166.67 u 10386 166.67 u 166.67 u 

116 831 960.00 u 192.00 u 9184.5 192.00 u 192.00 u 

117 480 14.40 u 54.53 1.60 u l.60U 25.18 

112 801 5160.0 u 573.33 u 12516 573.33 u 19219 

111 800 1.33 u 0.27 u 1.26 J 1.221 0.27U 

116 831 4.50 u 0.50 u 4.86 1 0.50U 4.48 J 

116 831 40.00 u 8.00 u 403.75 8.00U 8.00U 

116 831 540.00 u 60.00 u 4144.3 60.00U 60.00U 

123 339 504.00 u 56.00 u 1594.3 56.00U 2006.3 

117 480 2.70 u 0.30 u 0.30 u 0.30U 0.30U 

116 831 2250.0 u 250.00 u 14569 250.00 u 250.00 u 

116 831 900.00 u 100.00 u 6432.5 100.00U 100.00U 

116 833 1.80 u 0.22 1 0.20 u 0.86 J 0.25 J 

C2- 84 

Benzene 

0.10 1 

0.10 u 
0.40 u 
0.95 1 

0.67 u 
3.00 u 

0.30 u 

0.50 U 

2.00 u 

90.00 u 

0.10 u 

0.30 u 
166.67 u 

192.00 u 

1.60 u 

573.33 u 
0.45 1 

0.50 u 
8.00 u 

60.00 u 

56.00 u 
1.63 J 

2~0.00 u 

100.00 u 
0.71 J 

1,2-Dl
chloro
ethane 

0.10 u 
0.10 u 
0.40 u 
0.70 u 
0.67 u 
3.00 u 
0.30 u 

0.50 U 

2.00 u 

90.00 u 
0.10 u 
0.30 u 

166.67 u 
192.00 u 

1.60 u 
573.33 u 

0.27 u 

0.50 u 
8.00 u 

60.00 u 
56.00 u 
0.30 u 

250.00 u 
100.00 u 

0.20 u 

Trlchloro-
1-Butanol ethene 

0.50 u 0.10 u 
0.50 u 0.10 u 
6.13 J 0.40 u 
3.50 U 0.70 u 
7.34 u 0.67 u 

33.55 J 3.00 u 
6.67 1 0.30 u 
7.66 1 0.50 u 

189.97 1 2.00 u 
450.00 u 90.00 u 

0.50 U 0.10 u 
3.30 u 0.70 J, 

1833.3 u 166.67 u 
2304.0 u 192.00 u 

8.00 u 1.60 u 
2866.6 u 573.33 u 

3.20 u 0.43 J 

5.87 J 0.50 u 
96.00 u 8.00 u 

300.00 u 60.00 u 
280.00 u 56.00 u 

I.SO U 0.30 u 

1250.0 u 250.00 u 
500.00 u 100.00 u 

2.35 1 0.20 u 



Drum# Site 

066875 RFETS 
066948 RFETS 

066949 RFETS 
066953 RFETS 

066958 RFETS 
067009 RFETS 
067012 RFETS 
067047 RFETS 

067251 RFETS 
067263 RFETS 
067277 RFETS 
067278 RFETS 
067312 RFETS 
067317 RFETS 
067390 RFETS 
067391 RFETS 
067413 RFETS 
067434 RFETS 
067436 RFETS 
067441 RFETS 
067448 RFETS 
067455 RFETS 
067464 RFETS 
067524 RFETS 
067532 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Heterogeneous 

Filter 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

bexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 832 0.90 u 0.10 u 0.10 u 1.38 0.33 J 

116 831 54.00 u 6.00 u 348.67 6.00U 6.00U 

116 831 5.40 u 0.60 u 36.09 0.60U 3.54 J 

117 480 8.00 u 1.60 u 117.31 l.60U l.60U 

116 831 2.70 u 0.30 u l.23 J 0.30U 4.06 

112 801 3060.0 u 340.00 u 3392.8 340.00U 12288 

112 801 8100.0 u 900.00 u 8430.3 J 900.00U 34118 

111 807 1.80 u 0.20 u 0.20 u 0.70J 0.20U 

117 480 6000.0 u 1200.0 u 1686.5 J 1200.0 u 1200.0 u 

116 831 81.00 u 9.00 u 481.60 9.00U 9.00U 

116 831 126.00 u 14.00 u 45.18 1 14.00U 1170.2 

116 831 0.90 u 0.10 u 0.10 u 0.IOU 0.26J 

116 825 1.80 u 0.20 u 0.20 u 0.20U 0.27 J 

117 480 1.44 J 0.27 u 0.27 u 0.27U 1.00 J 

112 801 1170.0 u 194.61 J 916.24 J 130.00U 4459.l 

116 833 3.30 J 0.27 u 0.27 u 0.27U 0.27U 

112 801 6750.0 u 150.00 u 18543 750.00U 27354 

111 800 2.00 u 0.40 u 0.40 u 0.86J 0.40 u 

111 800 0.67 u 0.13 u 0.28 J 0.76J 0.13 u 

111 800 2.00 u 0.40 u 1.80 1 0.40U 0.40U 

116 852 0.90 u 0.10 u 0.56 J O.lOU O.lOU 

119 490 7.08 J 0.40 u 0.40 u 0.40U 0.40U 

116 831 2160.0 u 240.00 u 14009 240.00U 240.00 u 

116 832 167.34 u 33.34 1 18.59 u l8.59U 887.74 

123 339 56.70 u 6.30 u 456.31 6.30U 6.30U 

'85 

Benzene 

0.10 u 

6.00 u 

0.60 u 

l.60 u 

0.30 u 

340.00 u 

900.00 u 

0.20 u 

1200.0 u 

9.00 u 

14.00 u 

0.10 u 

0.20 u 

2.03 J 

130.00 u 

0.27 u 

750.00 u 

0.64 J 

0.42 J 

0.40 u 

0.10 u 

6.90 

240.00 u 

18.59 u 

6.30 u 

1,2-Dl
cbloro
ethane 

0.10 u 

6.00 u 

0.60 u 

l.60 u 

0.30 u 

340.00 u 

900.00 u 

0.20 u 

1200.0 u 

9.00 u 

14.00 u 

0.10 u 

0.20 u 

0.27 u 

130.00 u 

0.27 u 

750.00 u 

0.40 u 

0.13 u 

0.40 u 

0.10 u 

0.40 u 

240.00 u 

18.59 u 

6.30 u 

Trlcbloro-
1-ButHol etbene 

1.64 J 0.10 u 

38.93 1 6.00 u 

1.95 J 0.60 u 

19.20 u l.60 u 

4.27 J 0.30 u 

1700.0 u 340 00 u 

4500.0 u 900.00 u 

6.60 J 0.20 u 

14400 u 1821.I J 

45.00 u 9.00 u 

70.00 u 14.00 u 

0.50 u 0.10 u 

1.00 u 0.20 u 

3.20 u 0.27 u 

650.00 u 130.00 u 

2.93 u 0.27 u 

6834.0 1 750.00 u 

4.80 u 0.40 u 

2.25 J 0.13 u 

4.80 u 0.73 1 

0.88 1 0.10 u 

2.00 u 0.40 u 

1200.0 u 240.00 u 

266.96 J 18.59 u 

62.62 1 6.30 u 



Drum# Site 

067535 RFETS 
067539 RFETS 

067541 RFETS 
067545 RFETS 
067567 RFETS 
067582 RFETS 
067603 RFETS 

067654 RFETS 

067657 RFETS 

067678 RFETS 
067698 RFETS 
067707 RFETS 
067734 RFETS 
067735 RFETS 
067759 RFETS 
067764 RFETS 
067766 RFETS 
067781 RFETS 

067908 RFETS 
067929 RFETS 
067989 RFETS 
067994 RFETS 
068044 RFETS 
068096 RFETS 
068247 RFETS 

Waste Matrix 
Code Group 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DAT A 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon JDC Methyl ethyl cbloro- Cyclo

bexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 831 l.00 u 0.20 u 0.20 u 0.20U 0.20U 

112 801 2880.0 u 320.00 u 4071.6 320.00U 12796 

116 825 0.90 u 0.10 u 0.10 u 0.33 J 0.261 

112 801 810.00 u 147.15 J 731.16 J 90.00U 2836.4 

116 831 5.62 J 0.30 u 0.31 J 1.91 J 0.30U 

116 831 9.56 J 0.40 u 3.04 J 2.22 J 8.78 

117 480 117.00 u 13.00 u 912.67 13.00U 13.00 u 

111 800 l.33 u 0.27 u 0.56 J l.15 J 0.27U 

111 800 1.33 u 0.27 u 0.46 J 1.43 J 0.27U 

116 825 3.87 u 0.43 u 2.30 J 19.19 0.55 J 

116 831 8.00 u 1.60 u 1.60 u 1.60U 1.60 u 

116 831 2.50 u 0.94 J 0.50 u 0.50U 36.34 

116 831 990.00 u 110.00 u 7283.8 110.00 u 110.00 u 

117 480 16.20 u 1.80 u 130.61 I.SOU I.SOU 

116 831 25.20 u 2.80 u 2.80 u 2.80U 2.80U 

116 831 10.00 u 2.00 u 2.00 u 2.00U 2.00U 

116 831 7.50 u I.SOU I.SO U I.SOU I.SOU 

116 831 2.70 u 0.30 u 0.52 J 1.94 J 0.30U 

116 832 0.90 u 0.10 u 2.49 O.lOU 0.22 J 

116 832 0.50 u 0.10 u 0.20 J 0.81 J 0.13 J 

116 831 4.50 u 0.76 J 11.24 0.50U 43.36 

116 831 13.34 u 2.67 u 29.48 2.67U 164.99 

116 825 4.50 u 0.50 u 0.50 u 12.13 0.50 u 

116 821 2.46 J 0.20 u 0.37 J 0.601 0.61 J 

111 800 0.67 u 0.13 u 0.32 J 0.13 u 0.13 u 

C2- 86 

Benzene 

0.20 u 

320.00 u 

0.10 u 

90.00 u 

1.75 J 

0.40 u 

13.00 u 

0.38 J 

0.40 J 

1.61 J 

1.60 u 

0.50 u 

110.00 u 

1.80 u 

2.80 u 

2.00 u 

3.46 J 

0.55 J 

0.10 u 

0.10 u 

0.50 u 

2.67 u 

0.52 J 

0.28 J 

0.25 J 

1,2-Dl
cbloro
ethane 

0.20 u 

320.00 u 

0.10 u 

90.00 u 

0.30 u 

0.40 u 

13.00 u 

0.27 u 

0.27 u 

0.43 u 

1.60 u 

0.50 u 

110.00 u 

1.80 u 

2.80 u 

2.00 u 

I.SO U 

0.30 u 

0.10 u 

0.10 u 

0.50 U 

2.67 u 

0.50 u 

0.20 u 

0.13 u 

Trlchloro-
1-Butanol etbene 

2.40 u 0.20 u 

1600.0 u 320.00 u 

0.54 J 0.10 u 

450.00 u 90.00 u 

I.SO U 0.30 u 

54.34 J 0.40 u 

251.28 J 13.00 u 

3.20 u 0.27 u 

3.20 u 0.27 u 

2.15 u 0.43 u 

17.60 u 1.60 u 

5.50 u 0.50 U 

550.00 U 110.00 u 

9.00 u 1.80 u 

14.00 u 2.80 u 

22.00 u 2.00 u 

16.50 u I.SO U 

2.15 J 0.30 u 

2.28 J 0.10 u 

l.10 u 0.10 u 

2.50 u 0.50 U 

29.34 u 2.67 u 

2.50 u 0.50 u 
1.00 u 0.20 u 

1.60 u 0.13 u 



Drum# Site 

068248 RFETS 
068250 RFETS 
068254 RFETS 
068256 RFETS 
068276 RFETS 
068277 RFETS 
068377 RFETS 
068460 RFETS 
068480 RFETS 
068486 RFETS 
068514 RFETS 
068538 RFETS 
068600 RFETS 
068601 RFETS 
068702 RFETS 
068724 RFETS 
068756 RFETS 
06888S RFETS 
068896 RFETS 
068975 RFETS 
068999 RFETS 
069091 RFETS 
069095 RFETS 
069113 RFETS 
069250 RFETS 

Waste Matrix 
Code Croup -

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Uncategorized Metal 

Lead/Cadmium Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

112 801 1350.0 u 150.00 u 2762.7 150.00U 6364.6 

112 801 1530.0 u 170.00 u 2796.8 170.00U 6225.1 

111 800 1.33 u 0.27 u 0.68 J 0.66J 0.27U 

111 800 2.00 u 0.40 u 1.83 J 1.32 J 0.40U 

116 852 0.90 u 0.10 u 0.50 J 0.37 J O.IOU 

117 480 4.50 u 0.50 u 1.97 J 0.98J 37.08 

117 480 1.00 u 0.20 u 0.20 u 0.20U 0.20U 

116 832 0.50 u 0.10 u 0.10 u 0.lOU O.IOU 

Ill 800 0.50 J 0.10 u 0.13 J 0.17 J O.IOU 

112 801 1260.0 u 206.92 J 8439.3 140.00 u 4240.3 

117 480 1.11 J 0.10 u 0.10 u 0.701 0.IOU 

123 339 0.50 u 0.10 u 0.16 J 0.12 J O.IOU 

116 825 162.00 u 18.00 u 18.00 u 1922.1 18.00 u 
116 825 63.00 u 7.00 u 7.00 u 745.07 7.00U 

116 833 0.90 u 0.10 u 0.10 u 0.17 J 0.13 J 

116 831 1620.0 u 180.00 u 10740 180.00 u 180.00 u 
116 831 l.37 J 0.20 u 0.20 u 1.06 J 0.20U 

116 831 360.00 u 40.00 u 2205.7 40.00U 334.76 J 

116 831 1917.0 u 213.00 u 4021.8 213.00 u 213.00 u 
112 801 4860.0 u 540.00 u 13431 540.00U 15676 

116 821 3.60 u 0.40 u 0.67 J 2.00J 0.60 J 

116 825 4.50 u 0.50 u 0.50 u 3.56 J 0.50U 

116 833 4.86 u 0.54 u 0.54 u 32.79 0.54 u 
116 831 432.00 u 48.00 u 2954.0 48.00U 48.00U 

116 833 0.90 u 0.10 u 0.47 J 0.67 J 0.24 J 

;87 

Benzene 

150.00 u 
170.00 u 

0.35 J 

0.55 J 

0.10 u 
0.50 u 
0.20 u 
0.10 u 
0.26 J 

140.00 u 
0.10 u 
0.10 u 

18.00 u 
7.00 u 
0.10 u 

180.00 u 
0.20 u 

40.00 u 
213.00 u 
540.00 u 

0.50 J 

0.50 u 
0.54 u 

48.00 u 
0.10 u 

1,2-Dl
chloro
ethane 

150.00 u 
170.00 u 

0.27 u 
0.40 u 
0.10 u 
0.50 u 
0.20 u 
0.10 u 
0.10 u 

140.00 u 
0.10 u 
0.10 u 

18.00 u 
7.00 u 
0.10 u 

180.00 u 
0.20 u 

40.00 u 
213.00 u 
540.00 u 

0.40 u 
0.50 u 
0.54 u 

48.00 u 
0.10 u 

Trlchloro-
1-Butanol ethene 

750.00 u 150.00 u 
850.00 u 170.00 u 

3.20 u 0.41 J 

4.80 u 0.68 J 

0.50 u 0.10 u 
3.38 J 0.50 u 
2.40 u 0.20 u 
1.10 u 0.10 u 
2.36 J 0.10 u 

831.18 J 140.00 u 
0.50 u 0.10 u 
1.20 u 0.10 U I 

90.00 u 18.00 u 
35.00 u 7.00 u 
0.50 u 0.10 u 

900.00 u 180.00 u 
2.40 u 0.20 u 

200.00 u 40.00 u 
1065.0 u 213.00 u 
2700.0 u 540.00 u 

2.00 u 0.40 u 
2.50 u 0.50 u 
2.70 u 0.54 u 

240.00 u 48.00 u 
0.50 u 0.10 u 



Drum# Site 

069287 RFETS 
069306 RFETS 
069312 RFETS 

069364 RFETS 
069400 RFETS 
069406 RFETS 
069413 RFETS 

069418 RFETS 

069431 RFETS 

069518 RFETS 

069602 RFETS 

069759 RFETS 

069855 RFETS 
069877 RFETS 
069883 RFETS 
069975 RFETS 
070063 RFETS 
070077 RFETS 

070229 RFETS 
070353 RFETS 
070370 RFETS 

070379 RFETS 
070383 RFETS 
070446 RFETS 
070448 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,l-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 821 1242.0 u 138.00 u 8372.6 138.00 u 138.00 u 

112 801 2250.0 u 250.00 u 13804 250.00 u 6213.5 

111 800 2.00 u 0.40 u 1.11 J 1.39 J 0.40U 

116 833 2.70 u 0.30 u 0.30 u 3.20 0.30U 

116 831 333.00 u 37.00 u 2679.9 37.00U 37.00U 

116 831 450.00 u 50.00 u 3750.4 50.00U 50.00U 

116 831 5.40 u 0.60 u 15.20 0.60U 0.60U 

116 831 660.60 u 73.40 u 4816.7 73.40U 73.40U 

116 831 266.67 u 53.33 u 4070.6 53.33 u 53.33 u 

116 833 1.80 u 0.20 u 0.36 J 2.40 0.28 J 

116 821 9.00 u 1.00 u 1.00 u 3.40J 1.00 u 

116 833 2.70 u 0.30 u 20.43 2.401 0.34 J 

116 833 l.80 u 0.20 u 1.01 J 8.75 0.74 J 

116 825 4.50 u 0.50 u 0.53 J 1.79 J 0.50U 

116 825 2.70 u 0.30 u 0.95 J 0.30U 0.51 J 

116 821 6.30 u 0.70 u 4.64 J 4.42 J 0.81 J 

116 821 4.59 u 0.57 J 0.51 u 2.00J 7.12 

116 831 540.00 u 60.00 u 3533.4 60.00U 60.00U 

116 831 1.80 u 0.20 u 0.20 u 0.20U 0.20U 

116 833 l.80 u 0.20 u 0.20 J 1.94 J 0.65 J 

116 821 2.70 u 0.30 u 0.52 J 0.92 J 0.58 J 

116 833 0.90 u 0.10 u 0.48 J O.lOU 0.33 J 

116 833 1.80 u 0.20 u 0.20 u 1.78 J 0.20U 

117 480 5.00 u 5.85 J 1.00 u 1.00 u 58.86 

116 831 1350.0 u 150.00 u 8313.3 150.00 u 150.00 u 

C2- 88 

Benzene 

138.00 u 

250.00 u 

0.57 J 

0.42 J 

37.00 u 

50.00 u 

0.60 u 

73.40 u 

53.33 u 

0.20 u 

1.00 u 

0.30 u 

0.28 J 

0.50 u 

1.72 J 

0.70 u 

0.51 u 

60.00 u 

0.20 u 

0.20 u 

0.30 u 

0.10 u 

0.20 u 

1.00 u 

150.00 u 

1,2-Dl
chloro
ethane 

138.00 u 

250.00 u 

0.40 u 

0.30 u 

37.00 u 

50.00 u 

0.60 u 

73.40 u 

53.33 u 

0.20 u 

1.00 u 

0.30 u 

0.20 u 

0.50 u 

0.30 u 

0.70 u 

0.51 u 

60.00 u 

0.20 u 

0.20 u 

0.30 u 

0.10 u 

0.20 u 

1.00 u 

150.00 u 

Trlcbloro-
1-Butanol etbene 

690.00 u 138.00 u 

1250.0 u 250.00 u 

4.80 u 0.69 J 

1.95 J 0.30 u 

185.00 u 37.00 u 

250.00 u 50.00 u 

3.00 u 0.60 u 

699.21 J 73.40 u 

586.66 u 53.33 u 

1.00 u 0.20 u 

5.00 u 1.00 u 

1.53 J 7.59 I 

1.00 u 0.20 u 

2.50 u 0.50 u 

1.50 u 0.30 u 

3.50 u 0.70 u 

2.55 u 0.51 u 

300.00 u 60.00 u 

1.00 u 0.20 u 

5.36 J 0.20 u 

1.50 u 0.30 u 

0.50 u 0.10 u 

1.00 u 0.20 u 

12.00 u 1.00 u 

750.00 u 150.00 u 



Drum# Site 

070455 RFETS 
070543 RFETS 
070661 RFETS 
070669 RFETS 
070675 RFETS 
070682 RFETS 
070696 RFETS 
070734 RFETS 
070780 RFETS 
070856 RFETS 
070882 RFETS 
070937 RFETS 
071019 RFETS 
071020 RFETS 
071022 RFETS 
071241 RFETS 
071351 RFETS 
071354 RFETS 
071385 RFETS 
071494 RFETS 
071504 RFETS 
071514 RFETS 
071521 RFETS 
071638 RFETS 
071804 RFETS 

Waste Matrix 
Code Group 

Heterogeneous 

Solidified Organics 

Filter 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 831 6.30 u 5.12 J 0.70 u 4.62J 11.69 

112 801 7452.0 u 828.00 u 55410 828.00 u 62380 

0 331 3.17 J 0.60 u 0.76 J 0.60U 0.60U 

117 480 0.90 u 0.10 u 0.10 u O.IOU 0.13 J 

112 801 0.99 J 0.10 u 6.31 0.691 1.29 

ll6 831 405.00 u 45.00 u 2682.6 45.00U 45.00U 

116 821 5.40 u 0.60 u 0.60 u 3.33 J 0.60U 

ll6 833 0.57 J 0.10 u 0.14 J 0.IOU 0.14 J 

116 832 0.50 u 0.10 u 0.10 u O.IOU 0.13 J 

116 833 0.90 u 0.10 u 0.21 J 0.521 0.23 J 

ll6 831 126.00 u 14.00 u 1277.8 14.00U 14.00 u 

0 331 5.08 J 0.50 U 0.50 u 0.50U 0.50U 

ll2 801 11.70 u 1.30 u 21.30 l.30U 1.32 J 

ll2 801 9988.2 J 911.SO U 44413 911.SO U 61914 

ll2 801 6000.0 u 1200.0 u 32496 1200.0U 66727 

ll6 833 0.50 u 0.10 u 0.10 u O.lOU O.lOU 

ll7 480 0.67 J 0.18 J 0.10 u O.lOU 0.20 J 

ll7 480 0.50 u 0.10 u 0.10 u O.IOU O.IOU 

ll6 833 2.70 u 0.30 u 0.30 u 4.10 0.30U 

ll2 801 1.07 J 0.10 u 1.69 0.42 J 0.25 J 

ll2 801 1.80 u 0.20 u 1.91 J 0.20U 0.20U 

ll6 833 1.80 u 0.20 u 0.20 u 1.13 J 0.33 J 

ll6 825 1.80 u 0.20 u 0.20 u 1.00 J 0.33 J 

117 480 5.00 u 1.02 J 1.00 u l.OOU 62.96 

ll6 832 0.81 J 0.60 J 0.23 J O.IOU 0.10 u 

89 

Benzene 

0.70 u 

828.00 u 
0.60 u 
0.10 u 
0.45 J 

45.00 u 

0.60 u 
0.10 u 

0.10 u 
1.21 

14.00 u 
0.50 u 
1.30 u 

911.SO U 

1200.0 u 
0.10 u 

0.10 u 

0.10 u 

0.30 u 
0.23 J 

0.20 u 

0.20 u 

0.20 u 

1.00 u 

2.07 

1,2-Dl
chloro
ethane 

0.70 u 

828.00 u 
0.60 u 
0.10 u 
0.10 u 

45.00 u 
0.60 u 
0.10 u 

0.10 u 
0.10 u 

14.00 u 
0.50 u 
1.30 u 

911.SO U 

1200.0 u 
0.10 u 
0.10 u 
0.10 u 
0.30 u 

0.10 u 

0.20 u 

0.20 u 

0.20 u 

1.00 u 

0.70 J 

Trlchloro-
1-Butanol ethene 

3.50 u 0.70 u 
4140.0 u 828.00 u 

6.60 u 0.60 u 
0.54 J 0.10 u 
1.85 J 8.47 

225.00 u 45.00 u 

3.00 u 0.60 u 
1.10 u 0.10 u 
l.10 u 0.10 u 

0.94 J 0.10 u 
70.00 u 14.00 u 
5.50 U 0.50 U 

6.50 U 97.64 

32467 J 911.SO U 

13200 u 1200.0 u 

l.10 u 0.10 u 

1.20 u 0.10 u 

1.20 u 0.10 u 

I.SO U 0.30 u 

3.13 J 10.16 

1.00 u 11.44 

1.00 u 0.20 u 

1.00 u 0.20 u 

12.00 u 1.00 u 

1.20 u 0.10 u 



Drum# Site 

071829 RFETS 

071838 RFETS 

071921 RFETS 
071932 RFETS 
071933 RFETS 

071934 RFETS 

071936 RFETS 

071937 RFETS 

071938 RFETS 

071940 RFETS 

071941 RFETS 
072010 RFETS 
072079 RFETS 
072127 RFETS 
072128 RFETS 
072131 RFETS 

072132 RFETS 

072133 RFETS 

072136 RFETS 

072139 RFETS 
072178 RFETS 
072186 RFETS 
072195 RFETS 
072255 RFETS 
072267 RFETS 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,t-Trl 
TruCon JDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 852 1980.0 u 220.00 u 220.00 u 220.00 u 220.00 u 

116 831 68.40 u 7.60 u 364.82 7.60U 7.60U 

116 833 0.50 u 0.10 u 0.20 u 0.IOU 0.lOU 

112 801 39311 u 6023.4 J 85795 4367.9U 88612 

112 801 0.50 u 0.10 u 2.59 O.lOU 0.89J 

112 801 0.88 J 0.10 u 3.66 O.IOU 2.43 

116 833 195.00 u 21.67 u 1264. 7 21.67 u 1946.0 

116 833 166.67 u 33.33 u 1343.4 33.33 u 2458.8 

116 833 16.20 u 1.80 u 97.42 1.80 u 69.15 

112 801 9000.0 u 1000.0 u 24298 1000.0U 67524 

112 801 9000.0 u 1000.0 u 36373 1000.0U 88979 

116 832 l.50 u 0.30 u 0.30 u 0.30U 0.30U 

117 480 58.50 u 6.50 u 544.22 6.50U 6.50U 

112 801 3.60 u 0.40 u 0.40 u 0.40U 0.40U 

112 801 3570.0 J 130.00 u 130.00 u 130.00 u 130.00 u 
116 833 l.34 u 0.27 u 12.25 0.27U 0.27U 

112 801 316.85 J 48.00 u 48.00 u 48.00U 48.00U 

112 801 1.80 u 0.20 u 0.93 J 0.20U l.52 J 

112 801 189.00 u 21.00 u 21.00 u 21.00 u 21.00 u 

112 801 17.lOU 1.90 u 8.18 J 1.90 u 12.29 J 

116 821 2.70 u 0.30 u 0.30 u 0.35 J 0.35 J 

116 821 l.80 u 0.20 u 0.46 J 0.56 J 0.45 J 

116 833 0.90 u 0.10 u 3.12 1.68 0.22 J 

116 833 2.70 u 22.90 0.30 u 0.93 J 0.30U 

111 800 0.50 u 0.10 u 0.36 J O.IOU 0.IOU 

C2- 90 

Benzene 

220.00 u 

7.60 u 

0.10 u 

4367.9 u 

0.10 u 

0.10 u 
21.67 u 
33.33 u 

1.80 u 
1000.0 u 
1000.0 u 

0.30 u 

6.50 u 
0.40 u 

130.00 u 
0.27 u 

48.00 u 
0.20 u 

21.00 u 
1.90 u 
0.30 u 
0.20 u 
0.10 u 
0.37 J 

0.24 J 

1,2-Dl
chloro
ethane 

220.00 u 

7.60 u 

0.10 u 

4367.9 u 

0.10 u 

0.10 u 

21.67 u 

33.33 u 

1.80 u 

1000.0 u 

1000.0 u 

0.30 u 

6.50 U 

0.40 u 
130.00 u 

0.27 u 

48.00 u 
0.20 u 

21.00 u 
1.90 u 
0.30 u 
0.20 u 
0.10 u 
0.30 u 

0.10 u 

Trichloro-
1-Butanol ethene 

1100.0 u 220.00 u 

50.37 J 7.60 u 

52.84 J 0.10 u 

21839 u 4367.9 u 

I.IO U 10.21 

2.53 J 4.17 

108.34 u 21.67 u 

366.66 u 33.33 u 
9.00 u 1.80 u 

5000.0 u 1000.0 u 
6075.0 J 1000.0 u 

3.60 u 0.30 U1 

32.50 U 6.50 U 

2.00 u 24.63 

5061.2 J 130.00 u 
2.94 u 19.86 

1245.8 J 48.00 u 

3.84 J 1.32 J 

105.00 u 21.00 J 

9.50 U 3.72 J 

I.SO U 0.30 u 

l.00 u 0.20 u 
0.50 u 0.10 u 
I.SO U 0.30 u 
l.20 u 0.10 u 



Drum# Site 

072293 RFETS 
072333 RFETS 
072339 RFETS 
072347 RFETS 

072375 RFETS 
072434 RFETS 
072436 RFETS 

072542 RFETS 

072545 RFETS 

072546 RFETS 
072566 RFETS 
072598 RFETS 
072618 RFETS 
072619 RFETS 
072623 RFETS 
072631 RFETS 
072632 RFETS 

072673 RFETS 
072819 RFETS 
072822 RFETS 
072831 RFETS 
072887 RFETS 
072923 RFETS 
072932 RFETS 
073054 RFETS 

" 

Waste Matrix 
Code Group . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 833 3.22 J 0.11 J 0.51 J 0.IOU 0.21 J 

116 831 2.70 u 0.30 u 0.30 J 1.13 J 0.31 J 

116 821 4.50 u 0.50 u 0.50 u o.sou 0.56J 

l 16 833 0.90 u 0.10 u 0.13 J 15.33 0.23 J 

I 16 831 720.00 u 80.00 u 4620.7 80.00U 80.00U 

116 831 1890.0 u 210.00 u 10516 210.00U 210.00 u 
ll7 480 2.00 J 0.30 u 20.40 0.30U 0.30U 

116 832 50.00 u 10.00 u 10.00 u 1394.3 10.00 u 
111 800 0.50 u 0.10 u 0.12 J 0.21 J O.lOU 

116 832 75.00 u 15.00 u 15.00 u 1801.2 15.00 u 
I 12 801 7.20 u 0.80 u 16.52 0.80U 0.80U 

116 821 5.40 u 0.60 u 0.60 u 2.291 1.161 

116 833 0.90 u 0.10 u 0.17 1 0.221 0.301 

112 801 0.90 u 0.10 u 0.99 1 O.lOU 0.231 

112 801 2.50 u 0.50 u 6.29 o.sou a.sou 
112 801 0.90 u 0.10 u 1.79 O.IOU 0.21 J 

112 801 0.90 u 0.10 u 1.52 O.IOU 0.241 

116 833 1.80 u 0.20 u 3.61 1.49 J 5.78 

116 833 3.60 u 3.26 J 0.82 1 1.89 J 0.491 

ll6 831 1.34 u 0.27 u 0.27 u 0.27U 15. ll 

117 480 20.00 u 4.00 u 305.00 4.00U 4.00U 

116 833 0.90 u 0.10 u 0.15 J 0.87 J 0.30 J 

ll6 833 9.66 J 6.SS 0.49 1 0.9SJ 0.40U 

116 825 2.70 u 0.30 u 0.73 J 5.12 0.46J 

0 336 566.67 u 2074.3 113.33 u 113.33 u 5153.2 

~ .. _ 91 

Benzene 

3.14 

0.30 u 
0.50 u 
0.10 u 

80.00 u 
210.00 u 

0.30 u 
10.00 u 
0.15 J 

15.00 u 
0.80 u 
I. 70 1 

0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 
0.23 1 

0.47 J 

0.27 1 

4.00 u 
0.10 u 
0.68 J 

0.30 u 
113.33 u 

1,2-Dl
chloro
ethane 

0.11 J 

0.30 u 
0.50 u 
0.10 u 

80.00 u 
210.00 u 

0.30 u 
10.00 u 
0.10 u 

15.00 u 
0.80 u 
0.60 u 
0.10 u 
0.10 u 
0.50 u 
0.10 u 
0.10 u 
0.20 u 
0.40 u 
0.27 u 
4.00 u 
0.10 u 

0.40 u 
0.30 u 

113.33 u 

Trlchloro-
1-Butanol ethene 

O.SS J 0.10 u 
I.SO U 0.30 u 
2.50 u 0.50 u 
0.50 u 0.10 u 

400.00 u 80.00 u 
2174.5 J 210.00 u 

ll.10 J 0.60 J 

110.00 u 10.00 u 
1.20 u 0.10 u 

165.00 u 15.00 u 
4.09 J 57.15 

4.14 1 0.60 u 
o.so u 0.10 U I 

0.83 J 1.75 

s.so u 26.30 

0.90 J 10.15 

2.95 1 6.93 

1.00 u 0.20 u 
2.00 u 0.40 u 
2.94 u 0.27 u 

48.00 u 4.00 u 
o.so u 0.10 u 

42.52 1 0.40 u 

I.SO U 0.30 u 
1580.3 J 113.33 u 



Drum# Site 

073074 RFETS 

073117 RFETS 

073123 RFETS 

073134 RFETS 

073136 RFETS 
073274 RFETS 
073285 RFETS 
073293 RFETS 
073295 RFETS 

073296 RFETS 

073301 RFETS 
073605 RFETS 
073632 RFETS 
073667 RFETS 
073672 RFETS 
073745 RFETS 
073828 RFETS 
073848 RFETS 
073987 RFETS 
074007 RFETS 
074110 RFETS 
074147 RFETS 
074156 RFETS 
074374 RFETS 
074683 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Lead/Cadmium Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 833 1.80 J 0.81 J 0.20 u 0.20U 0.64 J 

l17 480 2.00 u 0.40 u 30.42 0.40U 0.40U 

l16 831 1134.0 u 126.00 u 7343.0 126.00U 126.00U 

116 831 360.00 u 72.00 u 3648.5 72.00U 72.00 u 

111 807 0.50 u 0.10 u 0.10 u 0.18 J O.IOU 

116 831 450.00 u 50.00 u 2711.7 50.00 u 50.00U 

112 801 0.90 u 0.10 u 1.53 0.39 J 0.10 J 

112 801 0.90 u 0.10 u 3.18 0.IOU 2.42 

112 801 0.90 u 0.10 u 1.55 O.IOU 0.86J 

112 801 0.90 u 0.10 u 2.51 0.10 J 0.14 J 

112 801 1.80 u 0.20 u 1.42 J 0.43 J 2.30 

123 339 0.50 u 0.10 u 2.96 O.lOU 3.87 

116 825 6.30 u 0.70 u 33.16 0.70U 0.70U 

l12 801 0.90 u 0.10 u 1.03 0.17 J O.IOU 

112 801 0.90 u 0.24 J 1.75 0.29J 0.19 J 

l16 832 0.50 u 0.18 J 1.89 10.64 1.75 

116 833 0.90 u 0.10 u 0.17 J 0.65 J 0.31 J 

l16 821 1.20 u 0.13 u 0.21 J 1.46 0.25 J 

123 339 1.50 u 0.30 u 0.30 u 0.30U l.36 J 

l17 480 1.74 J 0.30 u 0.56 J 0.30U 0.74 J 

116 833 0.90 u 0.10 u 0.28 J 6.63 0.60 J 

112 801 7.20 u 0.80 u 36.24 0.80U 0.80U 

112 801 5.40 u 0.60 u 36.75 0.60U 4.68 J 

116 833 0.55 J 0.13 J 0.45 J 0.88 J 1.87 

116 821 29.51 J 1.50U 1.50 u 5.85 J l.50U 

C2- 92 

Benzene 

0.20 u 

0.40 u 

126.00 u 

72.00 u 

0.10 u 

50.00 u 

0.10 u 

0.10 u 

0.10 u 

0.10 u 

0.20 u 

0.12 J 

0.70 u 

0.10 u 

0.10 u 

0.10 u 

0.10 u 

0.13 u 

0.30 u 

0.30 u 

0.10 u 

0.80 u 

0.60 u 

0.10 u 

1.50 u 

1,2-Dl
chloro
ethane 

0.20 u 

0.40 u 

126.00 u 

72.00 u 

0.10 u 

50.00 u 

0.10 u 

0.10 u 

0.10 u 

0.10 u 

0.20 u 

0.10 u 

0.70 u 

0.10 u 

0.10 u 

0.10 u 

0.10 u 

0.13 u 

0.30 u 

0.30 u 

0.10 u 

0.80 u 

0.60 u 

0.10 u 

1.50 u 

Trlchloro-
t-Butanol ethene 

4.17 J 0.20 u 

4.80 u 0.40 u 

630.00 u 126.00 u 

792.00 u 72.00 u 

1.20 u 0.10 u 

250.00 u 50.00 u 

2.15 J 10.59 

1.17 J 3.25 

0.50 u 2.35 

0.61 J 0.95 J 

1.44 J 12.42 

1.20 u 0.10 u, 

3.50 u 35.70 

l.16 J 2.36 

0.50 u 2.27 

1.20 u 0.10 u 

0.50 U 0.10 u 

0.67 u 0.13 u 

3.60 u 0.30 u 

3.60 u 0.30 u 

0.50 u 0.10 u 

4.00 u 2.73 J 

3.00 u 3.09 J 

I.IO U 1.83 

7.50 u 1.50 u 



Drum# Site 

074904 RFETS 
074913 RFETS 
075039 RFETS 
075265 RFETS 
075267 RFETS 
075278 RFETS 
075399 RFETS 
075564 RFETS 
075868 RFETS 
075888 RFETS 
075926 RFETS 
075930 RFETS 
075947 RFETS 
075976 RFETS 
076044 RFETS 
076050 RFETS 
076054 RFETS 
076098 RFETS 
076135 RFETS 
076136 RFETS 
076138 RFETS 
076142 RFETS 
076143 RFETS 
076144 RFETS 
076146 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetn
chlorlde Code Code Ketone Chloroform ethane 

116 832 0.50 u 0.10 u 0.10 u 0.391 O.IOU 

116 832 2.70 u 0.30 u 0.30 u I.SO 1 0.30U 

116 832 2.70 u 0.30 u 0.35 1 0.30U 0.30U 

116 833 14.89 J 1.20 u 1.20 u 3.951 63.67 

116 832 1.80 u 0.20 u 0.20 u 2.39 0.20U 

116 832 2.70 u 0.30 u 0.30 u 3.74 0.30U 

116 833 3.60 u 0.40 u 0.40 u o.40U 0.40U 

116 825 1.20 u 0.13 u 0.13 u 0.851 0.241 

116 825 5.40 u 0.60 u 0.60 u 2.531 0.60U 

116 833 1.18 J 0.10 u 0.20 1 O.IOU 0.311 

116 832 10.19 J 0.40 u 0.40 u 0.40U 0.40U 

116 832 500.00 u 100.00 u 100.00 u 100.00 u 6912.5 

116 832 0.90 u 0.29 1 0.10 u 0.871 0.401 

116 833 3.37 J 0.13 u 0.13 u I.SO 0.13 u 
116 831 3.63 J 0.27 u 0.27 u 2.391 0.27U 

116 832 1.02 J 0.10 u 0.10 u 0.991 0.10 u 

116 831 2.70 u 0.30 u 0.30 u S.36 0.30U 

116 832 1.00 u 0.20 u 0.20 u 0.20U 0.20U 

112 801 133.34 u 26.67 u 257.42 1 26.67U 1583.9 

111 803 2.00 u 0.40 u 41.04 o.40U 10.00 

111 800 0.50 u 0.10 u 0.10 u 0.IOU O.IOU 

111 800 1.36 J 0.24 u 7.62 0.24U 0.84 J 

111 803 1.50 u 0.30 u 31.39 0.30U 4.26 

111 800 3.34 u 0.67 u 48.10 0.67U 0.67U 

0 292 0.50 u 0.10 u 0.18 1 0.IOU O.IOU 

:;93 

Benzene 

0.10 u 
0.30 u 
0.30 u 
1.20 u 
0.20 u 
0.30 u 
0.40 u 
0.13 u 
0.60 u 
0.13 1 

o.40 u 
100.00 u 

0.10 u 
0.13 u 
0.27 u 
0.10 u 
0.30 u 
0.20 u 

26.67 u 
0.40 u 
0.10 u 
1.82 1 

0.30 u 

0.68 J 

0.10 u 

1,2-Dl
chloro
ethane 

0.10 u 
0.30 u 
0.30 u 
1.20 u 
0.20 u 
0.30 u 
0.40 u 
0.13 u 
0.60 u 
0.10 u 
0.40 u 

100.00 u 
0.10 u 
0.13 u 
0.27 u 
0.10 u 
0.30 u 
0.20 u 

26.67 u 
0.40 u 

0.10 u 
0.24 u 

0.30 u 
0.67 u 

0.10 u 

Trlchloro-
1-Butanol ethene 

1.10 u 0.10 u 
I.SO U 0.30 u 
1.99 1 0.30 u 
6.00 u 1.20 u 
1.27 1 0.20 u 
3.85 1 0.30 u 
7.01 1 0.40 u 
0.92 1 0.13 u 
3.56 J 0.60 u 
0.50 u 0.10 u 
2.00 u 0.40 u 

1100.0 u 100.00 u I 

0.99 1 0.10 u 

l.46 u 0.13 u 
7.19 1 0.27 u 
0.73 1 0.10 u 
I.SO U 0.30 u 
2.40 u 0.20 u 

293.34 u 26.67 u 

4.40 u 1.10 1 

l.10 u 0.10 u 
2.64 u 0.24 u 

3.30 u 0.87 1 

7.34 u 2.78 J 

1.10 u 0.10 u 



Drum# Site 

076147 RFETS 

076182 RFETS 

076183 RFETS 
07618S RFETS 
076187 RFETS 
076189 RFETS 
076192 RFETS 
076194 RFETS 
07619S RFETS 
076196 RFETS 

076199 RFETS 

076200 RFETS 
076203 RFETS 
076205 RFETS 
076206 RFETS 
076217 RFETS 
076282 RFETS 
076283 RFETS 
076287 RFETS 
076293 RFETS 
076302 RFETS 
076303 RFETS 
076305 RFETS 
076306 RFETS 
076362 RFETS 

Waste Matrix 
Code Group -

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Heterogeneous 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

t,t,t-Trl 
TruCon IDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

111 803 1.39 J 0.10 u 2.44 0.13 J O.lS J 

111 800 6.30 u 0.70 u 0.70 u 0.70U 1.04 J 

111 800 0.67 u 0.13 u 4.2S 0.13U 0.13 u 

111 800 0.50 u 0.10 u 0.10 u 0.lOU 0.IOU 

111 803 2.50 u o.so u 49.01 0.50U l l.6S 

111 803 10.00 u 2.00 u 165. 71 2.00U 2.00U 

111 803 0.50 u 0.10 u 0.93 J O.IOU O.IOU 

Ill 800 0.50 u 0.10 u 0.10 u 0.IOU O.IOU 

112 801 4320.0 u 480.00 u 13758 480.00U 6208.6 

I 12 801 833.34 u 166.67 u 1020. l J 166.67U 12990 

111 800 0.50 u 0.10 u 0.10 u O.IOU O.IOU 

112 801 3166.6 u 633.33 u 4123.0 J 633.33 u 43418 

112 801 l 116.6 J 223.33 u 353S.3 223.33 u 13365 

111 800 0.50 u 0.10 u 0.62 J 0.18 J 0.86J 

111 803 2.00 u 0.40 u 28.65 o.40U 0.40U 

116 833 5.00 u 1.00 u 1.00 u l.OOU 1.00 u 

111 800 56.67 u 11.33 u 118.35 11.33 u 675:83 

112 801 450.00 u 90.00 u 1068.5 90.00U 5328. l 

l II 800 26.67 u 5.33 U 72.31 5.33 u 402.58 

116 833 3.60 u 0.40 u 5.02 o.40U 22.39 

111 800 15.00 u 3.00 u 3.00 u 3.00U 3.00U 

111 803 l.34 u 0.27 u 21.61 0.27U 0.27U 

111 800 60.00 u 12.00 u 91.70 J 12.00 u 494.26 

116 833 7.20 u 0.80 u 17.00 0.80U 37.08 

116 833 33.34 u 554.17 6.67 u 6.67 u 6.67U 

C2- 94 

Benzene 

O.IS J 

4.03 J 

0.93 J 

0.10 u 

o.so u 

2.00 u 
0.10 u 

0.10 u 

480.00 u 

166.67 u 

0.10 u 
633.33 u 

223.33 u 

0.46 J 

0.40 u 

1.00 u 

11.33 u 

90.00 u 
5.33 u 

0.40 u 

3.00 u 

0.27 u 

12.00 u 

0.80 u 
6.67 u 

1,2-Dl
chloro
ethane 

0.10 u 

0.70 u 

0.13 u 

0.10 u 

o.so u 

2.00 u 

0.10 u 

0.10 u 

480.00 u 

166.67 u 

0.10 u 

633.33 u 

223.33 u 

0.10 u 

0.40 u 

1.00 u 

11.33 u 

90.00 u 

5.33 u 

0.40 u 

3.00 u 

0.27 u 

12.00 u 

0.80 u 

6.67 u 

Trlcbloro-
1-Butanol ethene 

l.84 J 0.13 J 

3.SO u 0.70 u 

1.46 u 0.13 u 

I.SS J 0.10 u 

S.50 U 1.46 J 

22.00 u 7.50 J 

1.10 u O.S1 J 

1.10 u 0.10 u 

3249.5 J 480.00 u 

1833.3 u 166.67 u 

1.13 J 0.10 u 

6966.6 u 633.33 U' 

2456.6 u 223.33 u 

1.10 u 0.10 u 

4.40 u 0.87 J 

12.29 J 1.00 u 

124.66 u 11.33 u 

990.00 u 90.00 u 

58.66 u 5.33 u 

3.53 J 0.40 u 

33.00 u 3.00 u 

2.94 u 0.70 J 

132.00 u 12.00 u 

5.52 J 0.80 u 

183.17 J 6.67 u 



Drum# Site 

076406 RFETS 

076437 RFETS 
076443 RFETS 
076452 RFETS 
076454 RFETS 
076456 RFETS 
076461 RFETS 
076463 RFETS 
076470 RFETS 
076587 RFETS 
076596 RFETS 
076627 RFETS 
076630 RFETS 
076635 RFETS 
076652 RFETS 
076677 RFETS 
076710 RFETS 
076712 RFETS 
076715 RFETS 
076811 RFETS 
076908 RFETS 
076911 RFETS 
077088 RFETS 
077227 RFETS 
077285 RFETS 

Waste Matrix 
Code Group . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

1,1,1-Trl 
TruCon lDC Methyl ethyl chloro- Cyclo

hexane 

Carbon 
Tetra
chloride Code Code Ketone Chloroform ethane 

116 831 0.90 u 0.10 u 0.45 1 O.IOU 0.371 

116 833 1.80 u 0.20 u 0.20 u 2.24 0.20U 

116 825 2.70 u 0.30 u 0.30 u 0.631 0.331 

116 825 1.70 J 0.20 u 0.20 1 0.20U 0.401 

116 825 0.90 u 0.10 u 0.12 1 0.661 0.211 

116 825 0.90 u 0.10 u 0.13 1 0.121 0.231 

116 825 2.70 u 0.30 u 0.30 u 1.891 0.30U 

116 825 2.70 u 0.30 u 0.33 1 1.091 0.311 

111 803 0.50 u 0.10 u 0.83 1 O.lOU O.lOU 

116 825 0.90 u 0.10 u 0.20 1 l.07 0.691 

116 825 3.13 J 0.10 u 0.20 1 1.67 0.971 

116 825 0.90 u 0.10 u 0.10 1 0.911 0.211 

116 825 2.01 J 0.10 u 0.20 1 0.891 0.651 

116 825 1.80 u 0.20 u 0.25 1 0.611 0.811 

116 833 0.66 J 0.10 u 0.11 1 0.47 J O.IOU 

111 800 21.60 u 2.40 u 199.52 2.40U 2.40U 

116 833 18.00 u 136.89 2.00 u 2.00U 2.00U 

116 833 2.70 u 0.95 1 0.30 u 0.30U 0.30U 

116 832 1.80 u 0.20 u 0.20 u 1.88 J 0.20U 

116 832 2.46 J 0.20 u 0.20 u 0.20U 0.20U 

116 833 0.90 u 0.10 u 0.14 J 0.661 0.791 

116 832 1.00 u 0.20 u 0.20 u 0.20U 0.20U 

116 )833 2.93 J 0.20 u 0.20 u 0.20U 0.301 

116 833 2.00 u 0.40 u 0.40 u 0.40 u 0.40U 

116 833 1.80 u 0.20 u 0.27 1 l.181 0.20U 

95 

Bemene 

0.10 u 

0.20 u 

0.30 u 

0.20 u 
0.10 u 
0.10 u 

0.30 u 
0.30 u 

0.10 u 
0.10 u 

0.10 u 

0.10 u 
0.10 u 

0.20 u 

0.10 u 

2.40 u 

2.00 u 

0.30 u 

0.20 u 

0.20 u 

0.10 u 

0.20 u 

0.20 u 

0.40 u 

0.20 u 

1,2-Dl
chloro
ethane 

0.10 u 

0.20 u 

0.30 u 

0.20 u 
0.10 u 

0.10 u 
0.30 u 
0.30 u 

0.10 u 

0.10 u 
0.10 u 
0.10 u 

0.10 u 

0.20 u 

0.10 u 

2.40 u 
2.00 u 

0.30 u 

0.20 u 

0.20 u 

0.10 u 

0.20 u 
0.20 u 
0.40 u 

0.20 u 

Trlchloro-
1-Butanol ethene 

0.50 u 0.10 u 

l.44 1 0.20 u 

1.50 u 0.30 u 

1.10 1 0.20 u 

0.50 u 0.10 u 

1.95 1 0.10 u 

1.50 u 0.39 1 

1.50 u 0.30 u 
1.10 u 0.28 1 

0.90 u 0.10 u 

5.14 1 0.10 u 

0.79 1 0.10 U I 

1.30 1 0.10 u 

l. 71 J 0.20 u 

2.98 J 0.10 u 

12.00 u 14.06 J 

10.00 u 2.00 u 
1.50 u 0.30 u 

2.35 J 0.20 u 

8.62 J 0.20 u 

0.50 u 0.32 J 

2.20 u 0.20 u 

2.20 1 0.20 u 

4.40 u 0.40 u 

1.00 u 0.20 u 



Drum# Site 

077621 RFETS 
080765 RFETS 

080772 RFETS 

080774 RFETS 

080776 RFETS 

Waste Matrix 
Code Croup 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DAT A 

Gas Cbromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC Methyl ethyl 
Code Code Ketone 

1,1,1-Trl 
chloro

Chloroform ethane 
Cyclo
hexane 

Carbon 
Tetra
chloride 

0 336 1.34 u 0.27 u 0.27 u 0.27U 19.30 

116 833 l.80 u 0.20 u 0.20 u 2.61 0.20U 

116 833 9.00 u 1.00 u 47.56 5.621 l.OOU 

116 833 27.90 u 3.10 u 53.30 3.IOU 127.73 

116 832 7.59 J 2.48 0.10 u O.IOU 0.20J 

C2- 96 

Benzene 

0.27 u 

0.20 u 

1.00 u 

3.10 u 

1.23 

1,2-Dl
chloro
ethane 

0.27 u 

0.20 u 

1.00 u 

3.10 u 

0.18 J 

1-Butanol 

3.20 u 

2.79 J 

5.00 u 

15.50 u 

5.18 J 

Trlchloro
ethene 

0.27 u 

0.20 u 

13.18 

3.10 u 

0.10 u 



Drum# Site 

000365 RFETS 

000371 INEL 

000373 INEL 

000384 RFETS 

000393 INEL 

000401 RFETS 

000403 INEL 

000405 RFETS 

000436 INEL 

000442 INEL 

000446 RFETS 
000478 RFETS 

000501 INEL 

000558 INEL 
000567 RFETS 
000568 RFETS 

000593 INEL 

000613 INEL 

000630 INEL 

000648 RFETS 
000675 RFETS 
000823 RFETS 
000828 INEL 
001016 INEL 
001024 INEL 

Waste Matrix 
Code Group 

Uncategorized Metal 

Graphite 

Graphite 

Uncategorized Metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Graphite 

Heterogeneous 

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Graphite 

Graphite 

Graphite 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl 

Code Code ketone 

217 480 17.00 u 

215 300 17.00 u 

215 300 17.00 u 

217 320 5.00 u 

217 480 17.00 u 

222 371 5.00 u 

218 440 17.00 u 

217 480 5.00 u 

212 3 17.00 u 

213 4 51.00 u 

211 I 5.00 u 
211 1 5.00 u 

215 300 17.00 u 

221 464 17.00 u 
222 371 5.00 u 

226 432 17.00 u 

211 7 17.00 u 

215 300 17.00 u 
213 4 51.00 u 
213 4 70.00 u 

218 440 5.00 u 
213 4 120.00 u 
215 300 17.00 u 
215 300 17.00 u 

215 300 17.00 u 

Toluene 

15.00 

3.30 

o.oi u 

0.29 

4.80 

2.60 

1.50 

27.00 

39.00 u 

6.50 

0.56 

0.48 

0.03 J 

16.00 

3.70 

67.00 

2.40 

0.04 u 

7.40 B 

1.10 

45.00 

4.60 

0.02 u 
0.08 J 

0.07 J 

:91 

Tetra 
chloro 
ethene 

11.00 u 

0.02 u 

0.02 u 

0.01 u 

0.03 u 

0.01 u 

0.03 u 

0.79 u 

30.00 u 

0.04 u 

0.01 u 
0.01 u 

0.02 u 

0.08 u 
l.40 u 
0.88 u 

0.01 u 

0.03 u 

0.05 u 

0.03 u 
0.13 u 

0.02 u 

0.02 u 

0.02 u 

0.02 u 

Chloro 
benzene 

12.00 u 

0.03 u 

0.02 u 

0.01 u 

0.03 u 

0.01 u 

0.03 u 

0.93 u 

38.00 u 

0.05 u 

0.01 u 
0.01 u 

0.02 u 
0.10 u 
1.70 u 

1.00 u 
0.02 u 
0.03 u 
0.06 u 
0.03 u 
0.16 u 

o.oi u 
0.02 u 
0.02 u 

0.02 u 

Ethyl 
benzene 

13.00 u 

0.03 u 

0.02 u 

0.01 u 

0.03 u 

0.02 u 

0.03 u 

0.99 u 

36.00 u 

0.05 u 
0.01 u 
0.02 J 

0.02 u 
0.10 u 
1.80 u 
I.IO U 

0.02 u 
0.03 u 
0.06 u 
0.03 u 
0.17 u 

0.02 u 

0.02 u 

0.02 u 

0.02 u 

m,p-Xylene o-Xylene Bromoform 

13.00 u 13.00 u 11.00 u 

0.03 u 0.03 u 0.03 u 

0.02 u 0.02 u 0.04 u 

0.01 u 0.01 u 0.01 u 

0.03 u 0.03 u 0.03 u 

0.02 J 0.02 u 0.01 u 

0.03 u 0.03 u 0.03 u 

0.99 u 0.99 u 0.83 u 

44.00 u 42.00 u 45.00 u 
0.10 J 0.05 u 0.06 u 
0.02 J 0.01 u 0.01 u 
0.04 J 0.01 J 0.01 u 
0.02 u 0.02 u 0.03 u 
0.10 u 0.10 u 0.09 u 
1.80 u 1.80 u 1.50 u 
I.IO U I.IO U 0.92 u 
0.05 J o.oi J 0.02 u 
0.03 u 0.03 u 0.03 u 
0.09 J 0.o7 u 0.o7 u 
0.08 ID 0.03 u 0.03 u 
0.17 u 0.17 u 0.14 u 
0.05 J 0.02 u 0.02 u 
0.02 u 0.02 u 0.04 u 
0.02 u 0.02 u 0.03 u 
0.02 u o.oi u 0.03 u 



Drum# Site 

001084 INEL 

001139 INEL 

001157 INEL 

001161 INEL 

001258 RFETS 

001370 INEL 

001377 INEL 

001410 INEL 

001437 RFETS 

001475 RFETS 

001493 RFETS 

001619 INEL 

001625 INEL 

001633 INEL 

001655 INEL 

001662 INEL 

001663 RFETS 

001667 INEL 

001670 RFETS 

001677 INEL 

001678 RFETS 

001689 INEL 

001692 RFETS 

001695 lNEL 

001697 INEL 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified Inorganics 

Combustible 

Graphite 

Solidified Inorganics 

Combustible 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Solidified Organics 

Graphite 

Salt Waste 

Heterogeneous 

Combustible 

Heterogeneous 

Solidified Organics 

Combustible 

Graphite 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

213 4 17.00 u 
211 7 17.00 u 
223 339 17.00 u 

215 300 17.00 u 
211 1 5.00 u 
223 339 17.00 u 

223 339 17.00 u 

214 292 17.00 u 

211 7 5.00 u 

211 l 15.00 J 

211 l 5.00 u 
215 300 17.00 u 
215 300 17.00 u 
226 432 17.00 u 
223 339 17.00 u 
215 300 17.00 u 

226 432 17.00 u 
215 300 17.00 u 

224 411 5.00 u 

221 302 17.00 u 

223 339 5.00 u 
221 302 17.00 u 

226 432 17.00 u 
223 339 l.10 u 
215 300 17.00 u 

Toluene 

I0.00 B 

3.60 

l.80 

0.03 u 
l.60 

l.10 

7.90 

29.00 

2.40 

13.00 

1.10 

0.04 u 
0.08 J 

4.20 J 

2.40 u 
0.06 J 

19.00 

0.34 J 

10.00 

9.70 

18.00 

21.00 E 

22.00 

23.00 

0.13 J 

C2- 98 

Tetra 
cbloro 
ethene 

0.02 u 
0.11 u 
0.03 u 
0.02 u 
0.01 u 
0.11 u 
0.03 u 
O.ll U 

0.01 u 
0.18 u 
0.01 u 
0.03 u 
0.01 u 

0.63 u 

l.70 u 
0.01 u 
0.38 u 
0.01 u 
0.03 u 
0.73 J 

0.11 J 

0.03 u 

0.23 u 
1.40 u 
0.01 u 

Cbloro 
benzene 

0.02 u 
0.14 u 
0.03 u 

0.02 u 

0.01 u 

0.12 u 
0.03 u 
0.13 u 
0.01 u 
0.21 u 
0.01 u 

0.03 u 
0.02 u 
0.74 u 
2.00 u 
0.02 u 
0.44 u 
0.02 u 
0.39 u 
0.42 u 
0.10 u 

0.04 u 

0.27 u 
1.70 u 

0.02 u 

Ethyl 
benzene 

0.03 J 

0.14 u 
0.08 u 
0.03 u 
0.06 J 

0.13 u 

0.37 

0.13 u 
0.01 u 
0.85 JD 

0.01 u 

0.03 u 
0.02 u 

0.78 u 
2.10 u 
0.02 u 
0.47 u 

0.12 J 

0.04 u 

0.39 u 

0.11 u 

0.19 J 

0.28 u 

1.80 u 

0.02 u 

m,p-Xylene o-Xylene Bromoform 

0.07 JB 0.02 u 0.02 u 
0.17 u 0.16 u 0.17 u 
0.19 J 0.20 J 0.03 u 

0.03 u 0.03 u 0.05 u 
0.14 0.02 J 0.01 u 
0.27 J 0.25 J 0.16 u 
0.96 0.81 0.03 u 
0.13 u 0.13 u 0.ll u 
0.03 J 0.01 u 0.01 u 
2.80 D 0.22 u 0.18 u 

0.02 J 0.01 u 0.01 u 
0.03 u 0.03 u 0.03 u 

o.oi u 0.02 u 0.02 u 

0.78 u 0.78 u 0.66 u 
2.10 u 2.10 u l.80 u 

0.02 u 0.02 u 0.02 u 
0.47 u 0.47 u 0.40 u 
0.02 u 0.02 u 0.02 u 
0.05 J 0.04 u 0.04 u 
0.48 u 0.46 u 0.49 u 
0.20 J 0.11 u 0.09 u 
0.39 J 0.09 J 0.03 u 
0.28 u 0.28 u 0.24 u 
1.80 u l.80 u 1.50 u 
0.02 u 0.02 u 0.02 u 



Drum# Site 

001751 RFETS 

001752 INEL 

001754 INEL 

001757 INEL 

001773 INEL 

001779 INEL 

001784 INEL 

001813 INEL 

001873 INEL 

001899 RFETS 

001900 INEL 

001919 RFETS 

001937 RFETS 

0020f3 RFETS 

002046 INEL 

002065 INEL 

002084 INEL 

002220 RFETS 

002222 INEL 

002338 RFETS 

002354 INEL 

002363 INEL 

002365 fNEL 

002542 INEL 

002678 RFETS 

Waste Matrix 
Code Group 

Uncategorized Metal 

Graphite 

Uncategorized Metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Uncategorized Metal 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

217 320 5.00 u 

215 300 17.00 u 

217 320 17.00 u 

222 371 17.00 u 

215 300 17.00 u 

215 300 34.00 u 

223 339 17.00 u 

213 4 17.00 u 

214 292 17.00 u 

211 3 5.00 u 

214 292 17.00 u 

217 320 5.00 u 

212 3 5.00 u 

212 3 5.00 u 

212 3 17.00 u 

214 292 5.00 u 

213 4 17.00 u 

217 481 5.00 u 

215 300 17.00 u 

222 371 17.00 u 

223 339 17.00 u 

222 371 17.00 u 

217 480 17.00 u 

212 3 17.00 u 

226 432 17.00 u 

Toluene 

2.60 

0.06 J 

13.00 

0.36 

0.05 J 

0.11 J 

1.90 

6.60 8 

5.10 

170.00 

8.00 

0.30 

20.00 

14.00 

33.00 u 

27.00 u 

0.54 J8 

0.06 

0.09 J 

5.10 

1.30 

0.28 J 

1.80 

7.10 u 

6.20 

;99 

Tetra 
chloro 
etheoe 

0.01 u 

0.01 u 

0.05 u 

0.03 u 

0.01 u 

0.01 u 

0.03 u 

4.00 u 

0.03 u 

120.00 u 

0.06 J 

0.01 u 

14.00 u 

10.00 u 

25.00 u 

0.09 

0.03 u 

0.03 u 

0.01 u 

0.71 u 

0.06 u 

0.03 u 

0.06 u 

5.50 u 

14.00 u 

Chloro 
benzene 

0.01 u 

0.02 u 

0.07 u 

0.03 u 

0.02 u 

0.02 u 

0.03 u 

5.10 u 

0.04 u 

140.00 u 

0.04 u 

0.01 u 

16.00 u 

12.00 u 

32.00 u 

0.11 u 

0.03 u 

0.03 u 

0.02 u 

0.83 u 

0.06 u 
-

0.03 u 

0.07 u 

6.90 u 

0.95 u 

Ethyl 
benzene 

0.04 J 

0.02 u 

0.21 J 

0.03 u 

0.02 u 

0.02 u 

0.05 J 

4.80 u 

0.04 u 

150.00 u 

0.04 u 

0.01 u 

18.00 u 

12.00 u 

30.00 u 

0.12 u 

0.03 u 

0.03 u 

0.02 u 

0.88 u 

0.07 u 

0.03 u 

0.08 u 

6.50 u 

1.00 u 

m,p-Xyleoe o-Xyleoe Bromoform 

0.13 0.14 0.01 u 

0.02 u 0.02 u 0.02 u 

0.70 J 0.19 J 0.03 u 

0.03 u 0.03 u 0.03 u 

0.02 u 0.02 u 0.02 u 

0.02 u 0.02 u 0.02 u 

0.09 J 0.09 J 0.03 u 

6.00 u 5.60 u 6.00 u 

0.04 u 0.04 u 0.03 u 

150.00 u 150.00 u 120.00 u 

0.04 u 0.04 u 0.03 u 

0.01 u 0.01 u 0.01 u 

18.00 u 18.00 u 15.00 u 

12.00 u 12.00 u 10.00 u 
37.00 u 35.00 u 38.00 u 

0.12 u 0.12 u 0.10 u 

0.06 J8 0.04 u 0.04 u 

0.03 u 0.03 u 0.03 u 

0.02 u 0.02 u 0.02 u 

0.88 u 0.88 u 0.74 u 

0.08 u 0.09 J 0.09 u 

0.03 u 0.03 u 0.03 u 
0.08 u 0.08 u 0.o7 u 
8.10 u 7.60 u 8.10 u 

1.00 u 1.00 u 0.84 u 



Drum# Site 

002791 INEL 

002797 RFETS 

002814 RFETS 
003017 INEL 
003088 INEL 
00309) RFETS 
0031 II INEL 
003121 RFETS 
003129 RFETS 
003130 RFETS 
003173 RFETS 

003181 RFETS 

003189 INEL 
003192 RFETS 
003215 RFETS 
003277 RFETS 
003394 RFETS 

003406 RFETS 

003455 RFETS 
003547 RFETS 
003577 RFETS 
003854 lNEL 
003890 INEL 
003921 INEL 
003991 INEL 

Waste Matrix 
Code Group 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

222 371 17.00 u 

226 432 17.00 u 

211 7 5.00 u 

211 I 5.00 u 

222 371 17.00 u 

222 371 17.00 u 

222 371 15.00 u 

211 7 5.00 u 

211 7 5.00 u 

211 7 5.00 u 

211 7 5.00 u 

211 7 5.00 u 

212 3 17.00 u 

211 7 5.00 u 

211 7 5.00 u 

211 1 5.00 u 

211 7 5.00 u 

211 7 5.00 u 

211 3 5.00 u 

211 7 5.00 u 

211 I 5.00 u 

212 3 17.00 u 

II 1 7 5.00 u 

111 7 5.00 u 

223 339 17.00 u 

Toluene 

4.30 

57.00 

2.60 

5.00 

4.20 

0.59 

2.00 

l.60 

1.80 

2.20 

2.50 

2.00 

72.00 u 

l.70 

2.10 

0.23 

1.80 

0.86 

320.00 

0.91 

1.70 

33.00 u 

l.80 

2.00 

0.71 J 

C2- 100 

Tetra 
chloro 
ethene 

0.04 u 

0.40 u 

0.18 u 

0.05 u 

0.03 u 

0.03 u 

0.03 u 

0.12 u 

0.02 u 

0.04 u 

0.02 u 

0.01 u 

56.00 u 

0.21 u 

0.01 u 

0.01 u 

0.03 u 

0.01 J 

220.00 u 

0.08 u 

0.01 u 

26.00 u 

0.03 u 

0.03 u 

0.02 u 

Chloro 
benzene 

0.05 u 

0.47 u 

0.22 u 

0.05 u 

0.03 u 

0.03 u 

0.03 u 

0.14 u 

0.02 u 

0.04 u 

0.02 u 

0.01 u 

71.00 u 

0.24 u 

0.01 u 

0.01 u 

0.03 u 

0.01 u 

260.00 u 

0.10 u 

0.01 u 

32.00 u 

0.03 u 

0.04 u 

0.02 u 

Ethyl 
benzene 

0.05 u 

0.50 u 

0.23 u 

0.06 u 

0.03 u 

0.03 u 

0.03 u 

0.15 u 

0.14 J 

0.06 ID 

0.02 u 

0.02 u 

66.00 u 

0.26 u 

0.02 J 

0.01 u 

0.03 u 

0.01 u 

280.00 u 

0.10 u 

0.01 u 

30.00 u 

0.03 u 

0.04 u 

0.05 J 

m,p-Xylene o-Xylene Bromoform 

0.05 u 0.05 u 0.04 u 

0.50 u 0.50 u 0.42 u 

0.23 u 0.23 u 0.19 u 

0.06 u 0.06 u 0.05 u 

0.03 u 0.03 u 0.03 u 

0.03 u 0.03 u 0.03 u 

0.03 u 0.03 u 0.03 u 

0.15 u 0.15 u 0.13 u 

0.46 0.05 J 0.02 u 

0.22 ID 0.05 u 0.04 u 

0.06 J 0.02 u o.oz u 

0.02 u 0.02 u 0.01 u 

82.00 u 78.00 u 83.00 u 

0.26 u 0.26 u 0.22 u 

0.08 J 0.02 u 0.01 u 

0.02 J 0.01 u 0.01 u 

0.03 u 0.03 u 0.03 u 

0.03 J 0.01 J 0.01 u 

280.00 u 280.00 u 240.00 u 

0.10 u 0.10 u 0.09 u 

0.02 J 0.01 u 0.01 u 

38.00 u 36.00 u 38.00 u 

0.03 J 0.03 u 0.03 u 

0.o7 J 0.04 u 0.03 u 

0.08 J 0.11 J 0.03 u 



Drum# Site 

003997 INEL 

004099 INEL 

004111 RFETS 

004112 INEL 

004123 INEL 

004125 INEL 

004150 INEL 

004160 INEL 

004166 INEL 

004186 INEL 

004195 RFETS 

004196 INEL 

004206 INEL 

004208 INEL 

004283 INEL 

004326 INEL 

004393 INEL 

004410 INEL 

004495 INEL 

004516 INEL 

004884 INEL 

004963 INEL 

004968 RFETS 

004981 RFETS 

004988 RFETS 

Waste Matrix 
Code Group 

Combustible 

Solidified Inorganics 

Salt Waste 

Graphite 

Combustible 

Uncategorized Metal 

Graphite 

Combustible 

Inorganic Non-metal 

Combustible 

Salt Waste 

Graphite 

Combustible 

Graphite 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Combustible 

Uncategorized Metal 

Uncategorized Metal 

Salt Waste 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl Chloro Ethyl 

Code Code ketone Toluene 

Tetra 
c:hloro 
ethene benzene benzene 

223 339 17.00 u 5.10 0.04 u 0.04 u 0.14 J 

211 I 5.00 u 1.90 0.02 J 0.01 u 0.02 u 

224 411 5.00 u 5.00 0.03 u 0.03 u 0.03 u 

215 300 17.00 u 0.o7 J 0.02 u 0.02 u 0.02 u 

223 339 17.00 u 1.50 0.02 u 0.02 u 0.10 J 

217 480 17.00 u 1.80 0.03 u 0.03 u 0.03 u 

215 300 15.00 u 0.02 u 0.01 u 0.02 u 0.02 u 

223 339 17.00 u 130.00 u 110.00 u 120.00 u 130.00 u 

222 371 17.00 u 0.31 J 0.03 u 0.03 u 0.03 u 

223 339 17.00 u 2.00 0.02 u 0.02 u 0.06 J 

224 411 5.00 u 1.20 0.01 u 0.01 u 0.01 u 

215 300 17.00 u 0.26 J 0.02 u O.o2 U 0.02 u 

223 339 17.00 u 1.40 0.02 u 0.02 u 0.06 J 

215 300 51.00 u 0.18 J 0.02 u 0.02 u 0.02 u 

211 I 17.00 u 1.10 0.01 u O.o2 U 0.14 J 

213 4 17.00 u 2.70 B 0.01 u O.o2 U 0.09 J 

211 I 5.00 u 2.10 0.02 u 0.02 u 0.02 u 

211 I 5.00 u 4.10 0.03 u 0.03 u 0.03 u 

213 4 17.00 u 2.50 0.01 u 0.02 u 0.02 u 

211 I 5.00 u 5.40 0.03 u 0.03 u 0.0J u 

213 4 17.00 u 5.10 0.02 u 0.02 u 0.04 J 

223 339 17.00 u 10.00 0.06 u 0.06 u 0.21 J 

217 320 5.00 u 170.00 0.49 u 0.58 u 0.62 u 

217 320 5.00 u 0.22 0.01 u 0.01 u 0.01 u 

224 411 5.00 u 6.50 0.03 u 0.03 u 0.03 u 

- 101 

m,p-Xylene o-Xylene Bromoform -

0.33 J 0.33 J 0.06 u 

0.02 u 0.02 u 0.01 u 

0.03 u 0.03 u 0.03 u 

O.o2 U 0.02 u 0.03 u 

0.24 J 0.27 J 0.03 u 

0.03 J 0.03 u 0.03 u 

0.02 u 0.02 u O.o2 U 

150.00 u 130.00 u 160.00 u 

0.03 u 0.03 u 0.03 u 

0.17 J 0.13 J 0.03 u 

0.01 J 0.01 u 0.01 u 

0.02 u 0.02 u 0.04 u 

0.09 J 0.12 J 0.02 u 

O.o2 U 0.02 u 0.03 u 

0.40 J 0.07 J 0.02 u 

o.35 m 0.13 J 0.02 u 

0.03 J 0.02 u O.o2 U 

0.04 J 0.03 u 0.03 u 

0.02 J 0.02 u O.o2 U 

0.10 J 0.03 u 0.03 u 

0.13 J 0.03 J 0.03 u 

0.51 J 0.23 J 0.09 u 

0.62 u 0.62 u 0.52 u 

0.01 J 0.01 u 0.01 u 

0.03 u 0.03 u 0.03 u 



Drum# Site 

005006 RFETS 

005012 INEL 

005015 INEL 

005235 INEL 

005262 INEL 

005358 INEL 

005398 INEL 

005415 INEL 

005530 INEL 

005535 INEL 

005735 INEL 

005738 INEL 

006242 INEL 

006252 RFETS 

006325 RFETS 

006669 INEL 

006773 RFETS 

006857 INEL 

006865 RFETS 

006876 INEL 

006879 INEL 

006886 INEL 

007034 INEL 

007146 INEL 

007170 INEL 

Waste Matrix 
Code Group 

Salt Waste 

Combustible 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Lead/Cadmium Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Combustible 

Solidified Organics 

Filter 

Solidified Organics 

Solidified Organics 

Combustible 

Inorganic Non-metal 

Combustible 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Code Code 

224 411 

223 339 

226 432 

226 432 

212 3 

211 I 

211 I 

211 I 

215 303 

226 432 

211 7 

211 7 

222 371 

123 339 

213 4 

214 292 

213 4 

223 339 

226 432 

219 335 

226 432 

226 432 

216 337 

222 371 

216 337 

Methyl 
lsobutyl 
ketone 

5.00 u 

17.00 u 

17.00 u 

17.00 u 
17.00 u 

17.00 u 

5.00 u 

5.00 u 

15.00 u 

17.00 u 

5.00 u 

5.00 u 
17.00 u 

5.00 u 

100.00 u 

5.00 u 

120.00 u 

18.00 u 

5.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

17.00 u 

Toluene 

5.00 

0.31 J 

4.30 J 

5.70 

200.00 u 

6.90 

3.60 

5.90 

0.98 J 

15.00 D 

3.80 

3.40 

1.70 

5.80 

3.30 

38.00 

3.40 

7.20 

18.00 

0.75 J 

19.00 

6.20 

3.30 

2.10 u 

0.94 J 

C2- 102 

Tetra 
chloro 
ethene 

0.03 u 

0.01 u 

l.30 u 

0.03 u 

160.00 u 

0.01 u 

0.03 u 

0.03 u 

0.02 u 

0.05 u 

0.03 u 

0.02 u 

0.03 u 
3.30 u 

0.01 u 

0.13 u 

0.09 u 

0.02 u 

0.07 u 

0.02 u 

0.08 u 
0.82 J 

1.80 u 

3.30 

0.37 J 

Chloro 
benzene 

O.o3 U 

0.02 u 

1.50 u 

0.03 u 

200.00 u 

0.02 u 

0.03 u 

0.03 u 

0.02 u 
0.06 u 

0.03 u 

0.02 u 

0.03 u 

3.90 u 

0.01 u 

0.15 u 

0.11 u 

0.02 u 

0.08 u 

0.02 u 

0.10 u 

0.33 u 

2.10 u 

1.70 u 

0.34 u 

Ethyl 
benzene 

0.03 u 
0.04 J 

1.60 u 

0.03 u 

190.00 u 

0.45 J 

0.03 u 
-

0.03 u 

0.02 u 

0.06 u 

0.03 u 

0.02 u 

0.03 u 

4.20 u 

0.02 J 

0.16 u 

0.12 u 

0.02 J 

0.08 u 

0.02 u 

0.10 u 

0.34 u 

2.20 u 

1.80 u 

0.36 u 

m,p-Xylene o-Xylene Bromoform 

0.03 u 0.03 u 0.03 u 

0.05 J 0.02 J 0.02 u 

1.60 u 1.60 u 1.30 u 

0.03 u 0.03 u 0.03 u 

230.00 u 220.00 u 240.00 u 

1.70 0.30 J 0.02 u 

0.03 u 0.03 u 0.03 u 

O.Q7 J 0.03 u 0.03 u 

0.02 u 0.02 u 0.04 u 

0.06 u 0.06 u 0.05 u 
0.03 u 0.03 u 0.03 u 

0.02 u 0.02 u 0.02 u 
0.03 u 0.03 u 0.03 u 
4.20 u 4.20 u 3.50 u 

0.05 J O.G2 J 0.01 u 

0.16 u 0.16 u 0.13 u 

0.14 J 0.12 u 0.10 u 

0.06 J 0.05 J 0.03 u 
0.08 u 0.08 u 0.07 u 

o.oi u 0.02 u 0.03 u 
0.10 u 0.10 u 0.09 u 
0.38 J 0.34 u 0.29 u 

2.20 u 2.20 u 1.90 u 

1.80 u 1.80 u l.50 u 

0.41 u 0.37 u 0.68 u 



Drum# Site 

007231 INEL 

007511 INEL 

007518 INEL 

007667 INEL 

007920 INEL 

008203 INEL 

008207 INEL 

008218 INEL 

008269 INEL 

008287 INEL 

008359 INEL 

008383 INEL 

008848 INEL 

008859 INEL 

008860 INEL 

008864 INEL 

008872 INEL 

008874 RFETS 

008878 INEL 

008880 RFETS 

009006 INEL 

009011 RFETS 

009061 RFETS 

009180 INEL 

009225 INEL 

Filter 

Waste Matrix 
Code Croup 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Filter 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Inorganic Non-metal 

Heterogeneous 

Lead/Cadmium Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified lnorganics 

Uncategorized Metal 

Uncategorized Metal 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon JDC lsobutyl 
Code Code ketone 

219 338 17.00 u 

122 374 17.00 u 

122 374 17.00 u 
124 411 5.00 u 

121 302 17.00 u 

118 440 17.00 u 

116 336 17.00 u 
116 330 17.00 u 
117 320 17.00 u 
122 374 17.00 u 
116 330 17.00 u 
123 339 5.00 u 
218 440 17.00 u 

218 440 17.00 u 
217 480 17.00 u 
217 480 17.00 u 
214 292 5.00 u 
217 480 5.00 u 
217 480 17.00 u 
115 312 5.00 u 
211 7 18.00 u 

211 7 5.00 u 
218 440 5.00 u 
223 339 17.00 u 

217 481 18.00 u 

Toluene 

0.29 J 

2.90 

6.60 

0.43 

53.00 

13.00 

2.30 

2.90 

34.00 D 

l.00 

40.00 

12.00 J 

5.10 

7.40 

8.40 

2.40 

6.60 

42.00 

5.80 u 

9.40 

1.30 

l.90 

0.41 

5.30 

0.04 u 

:103 

Tetra 
chloro 
ethene 

0.67 J 

0.03 u 

0.05 u 

0.01 u 

0.20 u 

0.05 u 

0.06 u 
0.06 u 
0.16 u 
0.03 u 

0.16 u 

4.40 u 
0.14 u 

0.38 u 
0.96 u 

0.08 u 

0.03 u 

30.00 u 

4.00 u 

l.10 u 

0.04 J 

0.02 J 

0.08 u 

0.69 u 

0.03 u 

Chloro 
benzene 

0.15 u 

0.04 u 
0.06 u 
0.01 u 
0.24 u 
0.06 u 
0.07 u 
O.o7 U 

0.19 u 
0.03 u 
0.19 u 
5.20 u 
0.18 u 
0.44 u 
1.10 u 
0.10 u 
0.04 u 

35.00 u 
4.70 u 
l.40 u 
0.02 u 

0.01 u 

0.10 u 
0.76 u 

0.03 u 

Ethyl 
benzene 

0.16 u 
0.16 J 

0.06 u 
0.01 u 
0.25 u 
0.06 u 
0.08 u 
0.08 u 
0.28 JD 

1.50 

0.20 u 

5.50 u 
0.17 u 
0.47 u 
1.20 u 
0.10 u 
0.04 u 

37.00 u 
5.00 u 

l.40 u 
0.05 J 

0.05 J 

0.10 u 

0.81 u 

0.03 u 

m,p-Xylene o-Xylene Bromoform 

0.19 u 0.17 u 0.20 u 
0.58 0.29 J 0.03 u 

0.13 J 0.08 J 0.05 u 
0.01 u 0.01 u 0.01 u 
0.25 u 0.25 u 0.21 u 
0.06 u 0.06 u 0.05 u 
0.08 u 0.08 u 0.07 u 
0.08 u 0.08 u 0.07 u 
0.85 JD 0.22 JD 0.17 u 
5.10 2.30 0.03 u 
0.20 u 0.20 u 0.17 u 
5.50 u 5.50 u 4.60 u 
0.21 u 0.20 u 0.22 l 

0.76 J 0.47 u 0.40 u 
l.20 u 1.20 u l.00 u 
0.10 u 0.10 u 0.09 u 
0.04 u 0.04 u 0.04 u 

37.00 u 37.00 u 31.00 u 
5.00 u 5.00 u 4.20 u 
l.40 u l.40 u l.20 u 
0.15 J 0.04 J 0.02 u 
0.19 0.02 J 0.01 u 
0.10 u 0.10 u 0.09 u 

1.00 0.83 u 1.00 u 

0.03 u 0.03 u 0.03 u 



Drum# Site 

009252 INEL 

009296 INEL 

009299 INEL 

009399 INEL 

009422 RFETS 

009423 INEL 

009435 INEL 

009449 INEL 

009471 INEL 

009475 INEL 

009489 lNEL 

009587 INEL 

009591 INEL 

009592 INEL 

009596 INEL 

009599 INEL 

009602 INEL 

009694 INEL 

009735 INEL 

009773 INEL 

009787 RFETS 

009873 RFETS 

010216 INEL 

010224 INEL 

010230 INEL 

Waste Matrix 
Code Group 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified Organics 

Solidified Inorganics 

Filter 

Filter 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsob11tyl 
Code Code ketone 

223 339 17.00 u 

223 339 17.00 u 

223 339 17.00 u 

218 440 17.00 u 

216 337 5.00 u 

216 337 17.00 u 

216 337 17.00 u 

218 440 17.00 u 

216 337 18.00 u 

218 442 17.00 u 

216 337 1.10 u 

117 320 5.00 u 

118 440 17.00 u 

118 440 17.00 u 

117 320 17.00 u 

118 440 17.00 u 

218 442 17.00 u 

215 300 17.00 u 

215 300 17.00 u 

223 339 17.00 u 

212 3 5.00 u 

211 I 5.00 u 
219 338 17.00 u 
219 338 17.00 u 

216 330 18.00 u 

Toluene 

27.00 J 

16.00 

0.32 J 

2.10 

8.50 

3.60 

6.40 

15.00 E 

0.85 J 

0.65 u 

0.94 J 

1.20 

2.00 

11.00 

8.80 

1.30 

2.40 

0.04 J 

0.04 J 

7.00 

220.00 

3.00 

1.00 u 

1.20 

11.00 

C2- 104 

Tetra 
chloro 
ethene 

18.00 u 
2.50 u 
0.02 u 

0.33 u 

4.70 u 

1.30 u 

0.33 u 

0.04 u 

0.07 u 

0.51 u 

0.18 u 

0.01 u 
0.03 u 

0.06 u 
0.11 u 

0.03 u 
1.70 u 

0.01 u 

0.01 u 

3.80 u 

160.00 u 
0.04 u 
2.80 

1.20 

1.50 

Chloro 
benzene 

21.00 u 

3.00 u 
0.02 u 
0.38 u 
5.50 u 

1.60 u 

0.38 u 

0.04 u 

0.08 u 

0.64 u 

0.20 u 

0.01 u 

0.04 u 
O.o7 U 

0.14 u 

0.03 u 

2.00 u 

0.02 u 

0.02 u 

4.80 u 

180.00 u 

0.05 u 

0.96 u 
0.29 u 

0.15 u 

Ethyl 
benzene 

22.00 u 

3.10 u 

0.04 J 

0.41 u 
5.90 u 

1.50 u 

0.41 u 

0.05 u 

0.08 u 

0.60 u 

0.21 u 

0.01 u 

0.04 u 

0.08 u 

0.14 u 

0.03 u 

2.10 u 

0.02 u 

0.02 u 

4.50 u 

190.00 u 

0.05 u 

l.00 u 

0.31 u 

0.16 u 

m,p-Xylene o-Xylene Bro mo form 

22.00 u 22.00 u 18.00 u 

3.10 u 3.10 u 2.60 u 

O.o7 J 0.08 J 0.03 u 
0.41 u 0.41 u 0.34 u 
5.90 u 5.90 u 4.90 u 

l.90 u 1.80 u 1.90 u 

0.41 u 0.41 u 0.34 u 

0.10 J 0.05 u 0.04 u 

0.09 u 0.08 u 0.15 u 

0.74 u 0.70 u 0.75 u 

0.24 u 0.22 u 0.40 u 

0.01 u 0.01 u 0.01 u 

0.04 u 0.04 u 0.03 u 

0.08 u 0.08 u 0.07 u 
0.14 u 0.14 u 0.12 u 
0.03 u 0.03 u 0.03 u 

2.10 u 2.10 u 1.80 u 

0.03 J 0.02 J o.oi u 

0.02 u o.oi u 0.02 u 

5.60 u 5.30 u 5.60 u 
190.00 u 190.00 u 160.00 u 

0.05 u 0.05 u 0.04 u 
1.20 u 1.00 u l.30 u 
0.35 u 0.32 u 0.38 u 
0.19 u 0.17 u 0.20 u 



Drum# Site 

010273 INEL 

010295 INEL 

010305 RFETS 

010364 RFETS 

010371 INEL 

010407 RFETS 

010411 INEL 

010415 INEL 

010426 INEL 

010463 INEL 

010487 INEL 

010492 INEL 

010498 INEL 

010510 RFETS 

010546 RFETS 

010578 INEL 

010588 RFETS 

010663 INEL 

010676 INEL 

010800 INEL 

010807 INEL 

010808 INEL 

010814 RFETS 

010837 INEL 

010848 INEL 

Waste Matrix 
Code Group 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Salt Waste 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified lnorganics 

Combustible 

Heterogeneous 

Filter 

Combustible 

Combustible 

Solidified lnorganics 

Solidified Organics 

Filter 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

216 337 18.00 u 

218 442 17.00 u 

218 442 5.00 U 

216 337 5.00 U 

216 337 17.00 u 

217 480 5.00 U 

216 337 15.00 U 

218 442 17.00 u 

218 442 17.00 u 

213 4 34.00 u 

224 414 17.00 u 

217 480 17.00 u 

217 480 17.00 u 

216 336 5.00 U 

216 330 10.00 u 

226 432 17.00 u 

211 2 5.00 U 

216 337 18.00 u 

216 330 17.00 u 

219 338 17.00 u 

216 337 17.00 u 

216 337 18.00 u 

211 1 5.00 U 

226 432 17.00 u 

219 338 17.00 u 

Toluene 

2.00 

0.60 J 

8.40 

4.20 

22.00 

25.00 

18.00 

0.20 J 

0.11 m 

2.20 J 

5.70 J 

7.10 

4.60 

12.00 

57.00 

9.90 J 

1.10 

2.60 

7.20 

I.SO 

4.90 

4.10 

0.83 

1.70 J 

3.20 

-105 

Tetra 
chloro 
ethene 

0.13 u 

0.05 U 

0.59 U 

0.75 u 

0.35 u 

0.10 u 

1.70 u 

0.03 u 

0.01 u 

0.25 u 

0.46 u 

0.49 u 

0.03 u 

1.60 J 

39.00 u 

I.SO J 

11.00 

2.60 

1.90 

0.37 J 

1.10 u 

0.56 J 

41.00 

0.80 J 

2.20 

Chloro 
benzene 

0.14 u 

0.06 u 

0.70 u 

0.88 u 
0.33 u 

0.12 u 

2.00 u 

0.03 u 

0.02 u 

0.30 u 

0.54 U 

0.58 u 

0.04 u 

1.70 u 

46.00 u 

1.00 u 

0.87 u 

0.49 u 

0.40 u 

0.13 u 

1.30 u 

0.34 u 

0.35 u 

0.44 u 

0.37 u 

Ethyl 
benzene 

0.15 U 

0.06 u 

0.74 u 

0.94 u 

0.35 u 

0.39 J 

2.10 u 

0.03 u 

0.02 u 
0.31 u 

0.57 u 

0.61 u 

0.04 u 

1.80 u 

49.00 u 

1.10 u 

0.92 u 

0.53 u 

0.42 u 

0.14 u 

1.40 u 

0.32 u 

0.37 u 

0.47 u 

0.40 u 

m,p-Xylene o-Xylene Bromoform -

0.17 u 0.15 U 0.28 u 

0.06 u 0.06 u 0.05 u 

0.74 u 0.74 u 0.62 u 
0.94 u 0.94 u 0.79 u 

0.44 u 0.37 u 0.29 u 

0.89 J 0.43 J 0.11 u 
2.10 u 2.10 u 1.80 u 

0.03 u 0.03 u 0.03 u 

0.02 u 0.02 u 0.02 u 

0.31 u 0.31 u 0.26 u 

0.57 u 0.57 u 0.48 u 

0.61 u 0.61 u 0.52 u 
0.05 u 0.04 u 0.05 u 

1.80 u 1.80 u I.SO U 

49.00 u 49.00 u 41.00 u 

1.10 u 1.10 u 0.90 u 

0.92 u 0.92 u 0.78 u 

0.61 u 0.54 U 1.00 u 

0.48 u 0.43 u 0.80 u 

0.16 u 0.15 U 0.18 u 

1.40 u 1.40 u 1.20 u 
0.58 J 0.37 u 0.40 u 
0.37 u 0.37 u 0.31 u 
0.47 u 0.47 u 0.40 u 
0.46 u 0.41 u 0.50 u 



Drum# Site 

010883 iNEL 

010921 INEL 

011004 INEL 

011021 INEL 

011042 INEL 

011044 INEL 

011067 RFETS 

011102 RFETS 

011109 INEL 

011147 INEL 

011173 INEL 

011194 INEL 

011393 INEL 

011416 INEL 

011433 INEL 

011498 RFETS 

011529 INEL 

011601 INEL 

011607 INEL 

011637 RFETS 

011735 INEL 

011749 INEL 

011785 RFETS 

012021 INEL 

012108 INEL 

Waste Matrix 
Code Group 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

226 432 17.00 u 
222 371 18.00 u 
217 480 17.00 u 
226 432 17.00 u 

218 442 17.00 u 

218 440 17.00 u 
213 4 5.00 u 
211 I 5.00 u 

211 I 17.00 u 
213 4 17.00 u 
217 480 17.00 u 
218 442 17.00 u 

217 480 17.00 u 

216 337 17.00 u 
216 330 17.00 u 

226 432 17.00 u 
217 480 17.00 u 

216 336 17.00 u 

216 330 17.00 u 
219 338 5.00 u 
216 330 17.00 u 

225 441 17.00 u 
211 1 5.00 U 

211 1 17.00 u 
214 292 17.00 u 

Toluene 

7.20 

0.12 u 

1.00 

23.00 

2.90 

3.50 

2.20 

1.10 

0.94 J 

3.20 B 

2.90 

2.00 

4.90 

0.80 u 
3.10 

3.90 

0.04 u 
6.20 

0.65 J 

2.70 

4.60 

0.31 u 

4.40 

1.40 ] 

4.10 ] 

Cl- 106 

Tetra 
chloro 
etbene 

8.60 

0.13 J 

0.03 u 

0.15 u 

0.53 u 
0.30 u 
0.99 u 
0.24 u 
2.00 

0.17 u 

0.21 J 

0.06 u 

0.13 u 
0.55 u 

0.88 J 

22.00 

0.03 u 

1.00 u 
0.06 J 

1.90 JD 

l.00 

12.00 

0.03 u 
0.33 u 
0.33 u 

Chloro 
benzene 

1.20 u 

0.10 u 
0.03 u 
0.18 u 
0.62 u 
0.36 u 
1.20 u 

0.28 u 

0.19 u 
0.22 u 
0.05 u 
0.07 u 
0.15 u 
0.65 u 
0.49 u 
1.70 u 
0.03 u 
1.20 u 

0.03 u 

0.87 u 
0.89 u 
0.25 u 

0.03 u 

0.38 u 
0.38 u 

Ethyl 
benzene 

1.20 u 

0.10 u 
0.05 J 

0.19 u 

0.66 u 

0.38 u 

1.20 u 

0.30 u 
0.18 u 
0.21 u 
0.05 u 

0.08 u 

0.16 u 
0.69 u 
0.53 u 
1.80 u 

0.03 u 

1.20 u 
3.40 

0.92 u 
0.94 u 

0.27 u 

0.03 u 
0.41 u 

0.41 u 

m,p-Xylene o-Xylene Bro mo form 

1.20 u 1.20 u 1.00 u 

0.10 u 0.10 u 0.09 u 
0.09 J 0.04 J 0.03 u 
0.19 u 0.19 u 0.16 u 
0.66 u 0.66 u 0.55 u 
0.38 u 0.38 u 0.32 u 

1.20 u 1.20 u 1.00 u 
0.30 u 0.30 u 0.25 u 
0.22 u 0.21 u 0.22 u 
0.26 u 0.24 u 0.26 u 
0.06 u 0.06 u 0.06 u 
0.08 u 0.08 u 0.07 u 
0.18 J 0.16 u 0.13 u 
0.69 u 0.69 u 0.58 u 
0.61 u 0.54 u 1.00 u 

1.80 u 1.80 u I.SO U 

0.03 u 0.03 u 0.03 u 
1.40 u 1.30 u I.SO U 

8.00 1.60 0.04 u 
0.92 u 0.92 u 0.78 u 

0.94 u 0.94 u 0.79 u 

0.27 u 0.27 u 0.22 u 
0.03 u 0.03 u 0.03 u 
0.41 u 0.41 u 0.34 u 

0.41 u 0.41 u 0.34 u 



Drum# Site 

0121ll INEL 

012215 INEL 

012313 INEL 

012320 INEL 

012356 INEL 

012357 RFETS 

012433 INEL 

012469 RFETS 

012471 RFETS 

012487 INEL 

012494 INEL 

012541 INEL 

012553 INEL 

012571 INEL 

012611 INEL 

012634 INEL 

012749 INEL 

012766 INEL 

012802 INEL 

012875 RFETS 

012878 INEL 

012891 INEL 

012902 INEL 

012920 INEL 

012985 INEL 

Waste Matrix 
Code Group . 

Combustible 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Uncategorized Metal 

Filter 

Solidified lnorganics 

Filter 

Inorganic Non-metal 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Heterogeneous 

Combustible 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 

Tetra 
chloro 
ethene 

Chloro Ethyl 
Code Code ketone Toluene benzene benzene 

216 337 17.00 u 2.50 1.40 u 1.60 u 2.10 

217 480 17.00 u 7.00 0.35 u 0.41 u 0.44 u 

216 336 17.00 u 2.10 0.68 J 0.59 u 0.63 u 

216 336 17.00 u 13.00 5.20 2.00 u 2.10 u 

219 338 17.00 u 2.40 1.30 0.22 u 0.21 u 

217 480 7.10 J 4.00 34.00 J 3.10 u 3.30 u 

219 338 17.00 u 1.30 2.00 0.19 u 0.20 u 

211 I 5.00 u 0.15 1.30 J 0.36 u 0.38 u 

219 338 5.00 u 2.50 0.29 J 0.18 u 0.20 u 

218 440 17.00 u o.58 m 1.70 0.02 u 0.03 J 

216 330 17.00 u 6.50 2.30 1.20 u 2.20 

218 442 17.00 u 2.70 O.o3 U 0.03 u 0.03 u 

211 I 17.00 u 0.15 J 0.03 u 0.03 u 0.03 u 

217 320 1.10 u 0.03 J 0.01 u 0.02 u 0.02 u 

211 I 17.00 u 2.40 J 0.53 u 0.62 u 0.66 u 

211 I 17.00 u 2.60 J 1.40 u 1.70 u 1.80 u 

211 I 17.00 u 0.58 J 0.28 u 0.33 u 0.34 u 

216 336 17.00 u 4.80 2.50 u 3.00 u 3.10 u 

216 337 17.00 u 15.00 3.40 1.20 u 1.10 u 

226 432 17.00 u 6.90 3.40 u 4.00 u 4.20 u 

217 480 17.00 u 2.20 1.20 0.61 u 0.57 u 

216 330 17.00 u 4.70 0.29 u 0.34 u 0.36 u 

219 338 17.00 u 0.03 J 0.02 u 0.02 u 0.02 u 

222 371 17.00 u 1.40 u 1.00 u 1.20 u 1.30 u 

222 371 17.00 u 5.80 J 14.00 J 2.00 u 2.10 u 

;o7 

m,p-Xylene o-Xylene Bromoform 

5.10 1.70 u 3.20 u 

o.44 u 0.44 u 0.37 u 

0.73 u 0.65 u 1.20 u 

2.10 u 2.10 u 1.80 u 

0.26 u 0.25 u 0.26 u 

3.30 u 3.30 u 2.80 u 

0.24 u 0.21 u 0.2, u 

0.38 u 0.38 u 0.32 u 

0.20 u 0.20 u 0.16 u 

0.10 m 0.05 u 0.02 u 

5.50 1.30 u 1.10 u 

0.06 J 0.04 J 0.03 u 

0.03 u 0.05 J 0.03 u 

0.02 u 0.02 u 0.02 u 

0.66 u 0.66 u 0.55 u 

1.80 u 1.80 u 1.50 u 

0.34 u 0.34 u 0.29 u 

3.10 u 3.10 u 2.60 u 

1.40 u 1.30 u 1.40 u 

4.20 u 4.20 u 3.60 u 

0.71 u 0.67 u 0.71 u 

1.40 0.46 J 0.30 u 

0.02 u 0.02 u <i.03 u 

1.30 u 1.30 u 1.10 u 

2.10 u 2.10 u 1.80 u 



Drum# Site 

012986 INEL 

012998 INEL 

013106 INEL 

013229 RFETS 

013231 INEL 

013252 INEL 

013266 INEL 

013269 INEL 

013313 INEL 

013331 INEL 

013342 INEL 

013346 RFETS 

013618 INEL 

013677 INEL 

013751 INEL 

013763 INEL 

013773 RFETS 

013818 RFETS 

013820 RFETS 

013847 INEL 

013860 INEL 

013876 RFETS 

014007 INEL 

014009 INEL 

014010 INEL 

Waste Matrix 
Code Group . 

Heterogeneous 

Combustible 

Solidified Inorganics 

Solidified Organics 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Heterogeneous 

Filter 

Uncategoriz.ed Metal 

Combustible 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

221 302 1.10 U 

216 337 17.00 u 

111 7 5.00 u 

226 432 17.00 u 

215 300 17.00 u 

222 371 17.00 u 

223 339 17.00 u 

218 440 17.00 u 

218 440 17.00 u 

124 411 17.00 u 

218 440 17.00 u 

222 371 5.00 u 

216 330 17.00 u 

219 338 17.00 u 

217 480 17.00 u 

223 339 17.00 u 

ll l 7 5.00 u 

2ll l 7.10 J 

211 l 11.00 u 

215 300 17.00 u 

223 339 17.00 u 

211 7 5.00 u 

211 l 17.00 u 

2ll 7 17.00 u 

211 7 17.00 u 

Toluene 

22.00 

3.90 

0.84 

21.00 

0.03 J 

3.00 

14.00 

12.00 

3.30 

12.00 

23.00 E 

3.70 

11.00 

0.41 J 

1.60 

13.00 u 

2.50 

2.50 

3.40 

0.06 J 

1.50 

0.84 

4.10 

2.20 

0.64 J 

C2- 108 

Tetra 
cbloro 
ethene 

2.60 

10.00 

0.01 u 

0.13 u 

0.02 u 

0.03 u 

0.35 u 

0.04 u 

0.03 u 

0.06 u 

0.01 u 

O.o2 U 

l.70 u 

0.17 J 

4.30 

14.00 u 

0.o7 u 

0.02 u 

0.02 u 

0.01 u 

0.06 u 

0.08 u 

0.02 u 

0.05 u 

0.01 u 

Chloro 
benzene 

0.53 u 

0.68 u 

0.01 u 

0.15 u 

0.02 u 

0.03 u 

0.41 u 

0.05 u 

0.03 u 

O.o7 U 

0.02 u 

O.o2 U 

2.00 u 

0.05 u 

0.89 u 

13.00 u 

0.08 u 

0.02 u 

0.03 u 

O.o2 U 

0.06 u 

0.10 u 

0.02 u 

0.06 u 

0.02 u 

Ethyl 
benzene 

0.50 u 

0.72 u 

0.02 u 

0.16 u 

0.02 u 

0.03 u 

0.44 u 

0.05 u 

0.20 J 

0.08 u 

0.02 J 

0.02 u 

2.10 u 

0.05 u 

0.94 u 

14.00 u 

0.34 J 

0.09 J 

0.03 u 
0.02 u 

0.07 u 

0.10 u 

0.03 u 

0.06 u 

0.03 J 

m,p-Xylene o-Xylene Bromoform 

0.61 u 0.58 u 0.62 u 

0.72 u 0.72 u 0.61 u 

0.04 J 0.02 u 0.01 u 

0.16 u 0.16 u 0.13 u 

O.o2 U O.o2 U 0.03 u 

0.03 u 0.03 u 0.03 u 

0.44 u 0.44 u 0.37 u 

0.06 u 0.06 u 0.06 u 

0.54 J 0.15 J 0.03 u 

0.08 u 0.08 u 0.07 u 

0.04 J 0.02 u O.o2 U 

0.02 u 0.02 u 0.02 u 

2.10 u 2.10 u l.80 u 

0.06 u 0.05 u 0.06 u 

0.94 u 0.94 u 0.79 u 

18.00 u 15.00 u 12.00 u 

1.30 0.30 J 0.07 u 
0.35 O.o7 J 0.02 u 

o.o5 m 0.03 u 0.02 u 
0.02 u 0.02 u 0.02 u 

0.08 u O.o7 U 0.09 u 

0.10 u 0.10 u 0.09 u 
0.03 u 0.03 u 0.03 u 

0.13 J 0.o7 u 0.08 u 

0.09 J O.o2 J 0.02 u 



Drum# Site 

014127 RFETS 

014170 INEL 

014330 INEL 

014334 INEL 

014339 INEL 

014342 INEL 

014345 INEL 

014346 INEL 

014348 INEL 

014354 RFETS 

014357 INEL 

014387 INEL 

014466 INEL 

014484 INEL 

014502 RFETS 

014504 RFETS 

014773 INEL 

015228 RFETS 

015231 INEL 

015241 INEL 

015249 INEL 

015262 RFETS 

015267 INEL 

015338 INEL 

015434 RFETS 

Waste Matrix 
Code Croup -

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Filter 

Solidified Organics 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Uncategorized Metal 

Combustible 

Solidified Inorganics 

Heterogeneous 

Graphite 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

Solidified Organics 

Table C2-4 
WIPP WASTE CBARACTERIZA TION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl 

Code Code ketone 

211 7 5.00 u 
211 7 5.00 u 
215 303 17.00 u 

219 335 17.00 u 
226 432 17.00 u 
215 303 17.00 u 
226 432 17.00 u 

223 339 17.00 u 

215 300 17.00 u 
217 481 5.00 u 

223 339 17.00 u 

211 7 17.00 u 

221 302 17.00 u 

215 300 17.00 u 
211 1 5.00 u 

211 I 5.00 u 
214 292 5.00 u 
226 432 17.00 u 

218 440 17.00 u 

218 442 17.00 u 

215 300 17.00 u 

226 432 17.00 u 

217 480 17.00 u 

211 7 17.00 u 

226 432 17.00 u 

Toluene 

I.SO 

2.40 

0.47 J 

0.10 J 

15.00 D 

0.12 J 

14.00 

4.00 

0.24 J 

0.14 

16.00 

4.60 

4.80 

0.26 J 

2.00 

5.40 

11.00 

4.20 

2.10 

0.33 J 

0.04 J 

12.00 

11.00 

3.50 

13.00 

J09 

Tetra 
chloro 
ethene 

0.02 u 
0.02 u 
0.04 u 

0.06 u 

0.05 u 
0.06 u 

0.04 u 

O.o7 J 

0.01 u 

0.01 u 

14.00 u 

0.01 u 

2.00 J 

0.01 u 
0.01 u 

0.03 u 

0.04 u 
0.15 U 

0.03 u 

0.04 u 

0.02 u 

1.40 u 

1.30 u 

0.09 J 

0.04 u 

Chloro 
benzene 

0.02 u 
0.02 u 
0.04 u 
0.05 u 
0.06 u 
0.06 u 
0.05 u 
0.02 u 
0.02 u 

0.01 u 
13.00 u 

0.02 u 

0.33 u 

0.02 u 

0.01 u 
0.03 u 

0.05 u 

0.18 u 

0.03 u 

0.05 u 
0.02 u 

1.70 u 
l.50 u 

0.02 u 

0.04 u 

Ethyl 
benzene 

0.04 J 

0.02 u 

0.04 u 
0.06 u 

0.06 u 
O.Q7 U 

0.05 u 
0.04 J 

0.02 u 
0.01 u 

14.00 u 

0.11 J 

0.35 u 

0.02 u 

0.01 u 

0.03 u 

0.06 u 
0.19 u 

0.03 J 

0.05 u 

0.02 u 

I.SO U 

1.60 u 

0.08 J 

0.05 u 

m,p-Xylene o-Xylene Bromoform 

0.14 J 0.02 J 0.02 u 
0.02 u 0.02 u 0.02 u 
0.05 u 0.04 u 0.08 u 
O.Q7 U 0.06 u 0.05 u 
0.06 u 0.06 u 0.05 u 
0.08 u 0.07 u 0.13 u 
0.05 u 0.05 u 0.04 u 
0.09 J O.o7 J 0.03 u 

0.02 J 0.02 u 0.02 u 

0.01 u 0.01 u 0.01 u 

18.00 u 15.00 u 12.00 u 
0.33 J 0.06 J 0.02 u 
0.35 u 0.35 u 0.29 u 

0.02 u 0.02 u 0.02 u 

0.03 J 0.01 J 0.01 u 
0.04 J 0.03 u 0.46 u 

0.06 u 0.06 u 0.05 u 

0.26 J 0.19 u 0.16 u 

0.05 J 0.03 u 0.03 u 

0.05 u 0.05 u 0.05 u 

0.02 u 0.02 u 0.04 u 

I.SO U I.SO U 1.50 U 

1.60 u 1.60 u 1.30 u 

0.29 J 0.03 J 0.03 u 
0.08 J 0.05 u 0.04 u 



Drum# Site 

015440 RFETS 

015515 RFETS 

015532 RFETS 

015543 INEL 

015627 INEL 

015655 INEL 

015674 INEL 

015675 INEL 

015777 RFETS 

015785 RFETS 
015786 INEL 

016242 INEL 

016612 INEL 

016613 INEL 

016707 INEL 

016738 RFETS 
016790 INEL 

016807 INEL 

016842 INEL 

016855 RFETS 
016869 INEL 

016964 RFETS 
016986 INEL 

017148 INEL 

017190 INEL 

Waste Matrix 
Code Group -

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Graphite 

Solidified Inorganics 

Graphite 

Uncategorized Metal 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Graphite 

Inorganic Non-metal 

Solidified Organics 

Graphite 

Solidified Inorganics 

Graphite 

Solidified Inorganics 

Graphite 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

226 432 17.00 u 

212 3 5.00 u 

212 3 5.00 u 

212 3 17.00 u 

215 300 17.00 u 

211 7 17.00 u 

215 300 17.00 u 

217 480 17.00 u 

226 432 17.00 u 

211 l 15.00 u 

211 l 17.00 u 

215 300 17.00 u 

218 442 17.00 u 

226 432 17.00 u 

215 300 17.00 u 

21l 7 5.00 U 

215 300 17.00 u 

2ll I 17.00 u 

215 300 17.00 u 

212 3 5.00 U 

211 7 17.00 u 

2ll 7 5.00 U 

218 442 17.00 u 

226 432 17.00 u 

21l 7 17.00 u 

Toluene 

7.60 

34.00 

100.00 

45.00 u 

0.02 J 

0.17 J 

0.52 J 

1.10 

5.00 

0.80 

1.20 

0.02 J 

0.11 J 

5.50 

0.02 u 

1.60 

7.60 

0.93 J 

0.03 J 

160.00 

1.70 

1.40 

3.90 

9.60 

3.30 u 

C2- 110 

Tetra 
chloro 
ethene 

0.33 u 

24.00 u 

73.00 u 

31.00 u 

0.01 u 

0.01 u 

0.04 J 

0.06 u 

O.o7 J 

0.29 u 

0.02 u 

0.01 u 

0.03 u 

0.18 u 

0.01 u 

1.10 U 

0.02 u 

0.11 u 

0.01 u 

110.00 u 

0.13 u 

0.98 u 

0.15 u 

0.54 u 

2.50 u 

Chloro 
benzene 

0.38 u 

28.00 u 

86.00 u 

37.00 u 

0.02 u 

0.02 u 

0.02 u 

0.07 u 

0.07 u 

0.34 u 

0.03 u 

0.02 u 

0.03 u 

0.21 u 

0.02 u 

1.30 u 

0.02 u 

0.14 ~ 

0.02 u 

130.00 u 

0.16 u 

1.20 u 

0.18 u 

0.63 u 

3.20 u 

Ethyl 
benzene 

0.41 u 

30.00 u 

91.00 u 

39.00 u 

0.02 u 

0.02 u 

0.02 u 

0.08 u 

0.09 J 

0.36 u 

0.03 u 

0.02 u 

0.03 u 

0.22 u 

0.02 u 

1.40 u 

2.30 

0.14 u 

0.02 u 

140.00 u 

0.15 u 

1.20 u 

0.19 u 

0.67 u 

3.00 u 

m,p-Xylene o-Xylene Bromoform -

0.41 u 0.41 u 0.34 u 

30.00 u 30.00 u 25.00 u 

91.00 u 91.00 u 77.00 u 

39.00 u 39.00 u 33.00 u 

0.02 u 0.02 u 0.02 u 

0.02 u 0.02 u 0.02 u 

0.02 u 0.02 u 0.02 u 

0.08 u 0.08 u 0.o7 u 

0.08 u 0.08 u 0.07 u 

0.36 u 0.36 u 0.30 u 

0.03 u 0.03 u 0.03 u 

0.02 u 0.02 u 0.02 u 

0.03 u 0.03 u 0.03 u 

0.22 u 0.22 u 0.18 u 

0.02 u 0.02 u 0.02 u 

1.40 u 1.40 u 1.20 u 

7.60 2.50 0.02 u 

0.30 J 0.16 J 0.17 u 

0.02 u 0.02 u 0.02 u 

140.00 u 140.00 u 120.00 u 

0.19 u 0.18 u 0.19 u 

1.20 u 1.20 u 1.00 u 

0.19 u 0.19 u 0.16 u 

0.67 u 0.67 u 0.56 u 

3.70 u 3.50 u 3.80 u 



Drum# Site 

017444 INEL 

017453 INEL 

017486 INEL 

017491 INEL 

017495 INEL 

017496 INEL 

017698 RFETS 

017709 INEL 

017728 RFETS 

017742 INEL 

017756 RFETS 

017759 INEL 

017788 INEL 

0178~3 INEL 

018111 RFETS 

018219 RFETS 

018299 INEL 

018413 INEL 

018441 INEL 

018464 INEL 

018476 INEL 

018491 INEL 

019410 INEL 

019413 INEL 

019572 INEL 

Waste Matrix 
Code Group 

Graphite 

Solidified Organics 

Solidified Inorganics 

Graphite 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Filter 

Solidified Inorganics 

Solidified Inorganics 

Filter 

Graphite 

Graphite 

Graphite 

Solidified Inorganics 

Graphite 

Lead/Cadmium Metal 

Lead/Cadmium Metal 

Lead/Cadmium Metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

215 300 17.00 u 

212 3 5.00 u 

21 l l 17.00 u 

215 300 17.00 u 

218 442 17.00 u 

218 442 17.00 u 

211 292 5.00 U 

211 l 17.00 u 

21 l l 5.00 U 

218 440 17.00 u 

226 432 17.00 u 

226 432 17.00 u 

211 7 17.00 u 

119 376 17.00 u 

211 1 5.00 u 

211 7 5.00 u 

119 376 17.00 u 

115 300 5.00 u 

115 300 17.00 u 

115 300 5.00 u 

11 l 292 5.00 u 

115 300 17.00 u 

123 339 5.00 U 

123 339 5.00 u 

123 339 17.00 u 

Toluene 

0.64 J 

47.00 u 

4.90 

1.30 

0.06 J 

0.13 J 

8.10 

0.30 J 

0.86 

4.30 

9.10 

13.00 J 

1.40 

16.00 

0.27 

1.40 

29.00 

0.14 

0.04 J 

0.46 

24.00 

0.06 J 

5.40 JD 

5.10 J 

9.30 

'.ti II 

Tetra 
cbloro 
ethene 

0.03 u 
32.00 u 

0.11 u 

0.13 u 
0.03 u 

0.03 u 

2.10 u 

0.05 J 

0.59 u 

0.50 u 

1.40 u 

1.00 u 

0.84 u 

0.08 u 

0.01 u 

0.98 u 

0.13 u 

0.01 u 

0.03 u 

0.01 u 

0.08 u 

0.03 u 

0.55 u 

2.40 u 

0.05 u 

Chloro 
benzene 

0.03 u 

38.00 u 

0.14 u 

0.16 u 

0.03 u 

0.03 u 

2.40 u 

0.02 u 

0.70 u 

0.59 u 

1.70 u 

1.20 u 

I.JO U 

0.10 u 

0.01 u 

1.20 u 

0.15 u 

0.01 u 

0.03 u 

0.01 u 

0.10 u 

0.03 u 

0.64 u 

2.80 u 

0.06 u 

Ethyl 
benzene 

0.03 u 

41.00 u 
0.14 u 

0.15 u 

0.03 u 

0.03 u 

2.60 u 

0.02 u 

0.74 u 

0.63 u 

1.80 u 

1.30 u 

1.00 u 

0.10 u 

0.02 u 

1.20 u 

0.16 u 

0.01 u 

0.03 u 

0.01 u 

0.10 u 

0.03 u 

0.68 u 

3.00 u 

0.06 u 

m,p-Xylene o-Xylene Bromoform 

0.03 u 0.03 u 0.03 u 
41.00 u 41.00 u 34.00 u 

0.17 u 0.16 u 0.17 u 

0.19 u 0.18 u 0.19 u 

0.03 u 0.03 u 0.03 u 

0.03 u 0.03 u 0.03 u 
2.60 u 2.60 u 2.20 u 

0.02 u 0.02 u 0.02 u 

0.74 u 0.74 u 0.62 u 

0.63 u 0.63 u 0.53 u 

1.80 u 1.80 u 1.50 u 

1.30 u 1.30 u 1.10 u 

1.20 u 1.20 u 1.20 u 

0.10 u 0.)0 u 0.09 u 
0.02 u 0.02 u 0.01 u 

1.20 u 1.20 u 1.00 u 

1.40 J 0.)6 u 0.13 u 

0.01 u 0.01 u 0.01 u 

0.03 u 0.03 u 0.03 u 
0.01 u 0.01 u 0.01 u 

0.10 u 0.10 u 0.09 u 
0.03 u 0.03 u 0.03 u 
0.68 u 0.68 u 0.57 u 
3.00 u 3.00 u 2.50 u 

0.17 J 0.17 J 0.05 u 



Drum# Site 

021031 RFETS 

021172 RFETS 

021306 INEL 

021392 RFETS 

021442 INEL 

021488 RFETS 

021503 RFETS 

021511 RFETS 

021512 INEL 

021523 INEL 

021565 INEL 

021572 INEL 

021600 RFETS 

021631 INEL 

021698 INEL 

021699 INEL 

021700 RFETS 

021806 INEL 

021816 INEL 

021865 INEL 

021993 INEL 

022000 INEL 

022036 INEL 

022038 RFETS 

022052 INEL 

Waste Matrix 
Code Group 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified Inorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl 

Code Code ketone 

214 292 5.00 u 

218 442 5.00 u 

213 4 17.00 u 

214 292 5.00 u 

211 I 17.00 u 

218 442 5.00 u 

218 440 5.00 u 

213 4 5.00 u 

211 7 17.00 u 

226 432 17.00 u 

211 7 17.00 u 

211 7 17.00 u 

211 I 5.00 u 

218 442 17.00 u 

218 440 17.00 u 

213 4 68.00 u 

213 4 5.00 u 

218 440 17.00 u 

211 I 17.00 u 

211 I 17.00 u 

211 2 17.00 u 
218 440 17.00 u 

217 480 17.00 u 
217 481 5.00 u 

217 481 17.00 u 

Toluene 

7.70 

0.08 

0.15 J 

0.34 

0.75 J 

0.06 

1.50 

0.17 

1.20 u 

8.80 

1.20 

0.70 J 

1.00 

1.50 

10.00 

2.80 

0.01 

17.00 B 

2.30 

2.50 J 

0.75 J 

10.00 

5.60 

25.00 

0.02 u 

C2- ll2 

Tetra 
chloro 
ethene 

0.04 J 

0.01 u 

0.03 u 

0.14 u 

0.36 u 

0.03 u 

0.14 u 

0.04 u 

0.80 u 

0.70 J 

0.63 u 

0.33 u 

0.24 J 

0.03 u 

0.94 u 

0.28 u 

0.01 u 

0.15 u 

0.08 u 

0.80 u 

0.46 J 

0.08 u 
0.05 u 
0.16 u 
0.02 u 

Chloro 
benzene 

0.04 u 

0.01 u 

0.03 u 

0.16 u 

0.45 u 

0.04 u 

0.16 u 

0.04 u 

0.95 u 

0.60 u 

0.80 u 

0.42 u 

0.28 u 

0.03 u 

1.10 u 

0.33 u 

0.01 u 

0.19 u 

0.10 u 

0.95 u 

0.44 u 
0.10 u 
0.o7 u 
0.18 u 
0.02 u 

Ethyl 
benzene 

0.05 

0.01 

0.03 

u 

u 

u 

0.17 u 

0.42 u 

0.04 u 

0.18 u 
0.05 u 

1.00 u 

0.96 J 

0.76 u 

0.39 u 

0.30 u 

0.03 u 

1.20 u 

0.34 u 

0.01 u 

0.31 J 

0.10 J 

1.00 u 
0.47 u 

0.18 J 

0.06 u 
·-

0.19 u 
0.02 u 

m,p-Xylene o-Xylene Bromoform 

0.05 u 0.05 u 0.04 u 

0.01 u 0.01 u 0.01 u 

0.07 J 0.03 u 0.03 u 

0.17 u 0.17 u 0.14 u 

0.52 u 0.49 u 0.53 u 

0.04 u 0.04 u 0.04 u 

0.18 u 0.18 u 0.15 u 

0.05 J 0.05 u 0.04 u 

1.00 u 1.00 u 0.84 u 

2.10 0.82 J 0.54 u 

0.93 u 0.88 u 0.94 u 
0.48 u 0.46 u 0.49 u 
0.30 u 0.30 u 0.25 u 
0.03 u 0.03 u 0.03 u 

1.20 u 1.20 u 0.99 u 

0.48 J 0.34 u 0.29 u 
0.01 u 0.01 u 0.01 u 

0.65 J 0.20 u 0.22 u 

0.31 J 0.10 u 0.11 u 

1.00 u 1.00 u 0.84 u 
0.47 u 0.47 u 0.40 u 
0.23 J 0.10 u 0.09 u 
0.08 u 0.o7 u 0.08 u 
0.19 u 0.19 u 0.16 u 
0.02 u 0.02 u 0.03 u 



Drum# Site 

022102 INEL 

022105 INEL 

022ll9 INEL 

022121 INEL 

022135 INEL 

022136 RFETS 

022149 RFETS 

022224 INEL 

022226 RFETS 

022228 INEL 

022230 INEL 

022249 INEL 

022275 INEL 

022286 RFETS 
022296 INEL 

022306 INEL 

022338 INEL 

022347 INEL 

022358 INEL 

022416 RFETS 

022434 INEL 

022442 INEL 

022450 RFETS 
022453 RFETS 
022486 RFETS 

Waste Matrix 
Code Group -

Solidified Organics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Solidified lnorganics 

Inorganic Non-metal 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 

Tetra 
chloro 
ethene 

Chloro Ethyl 
Code Code ketone Toluene benzene benzene 

226 432 17.00 u 11.00 0.08 u 0.10 u 0.22 J 

211 1 17.00 u 1.70 J 0.34 u 0.41 u 0.44 u 
222 371 17.00 u 0.65 u 0.45 u 0.53 u 0.56 u 
211 7 15.00 u 0.75 J 1.10 0.14 u 0.14 u 
211 7 17.00 u 3.00 J l.80 J 0.68 u 0.72 u 
211 7 16.00 J 6.00 0.74 u 0.87 u 1.30 J 

211 7 5.00 u 2.20 0.18 u 0.22 u 0.58 J 

211 l 17.00 u 0.70 J 200.00 E 0.41 u 0.44 u 
222 371 5.00 u 1.40 0.98 u 1.20 u 1.20 u 
222 371 18.00 u 0.68 J 0.13 u 0.15 u 0.16 u 
222 371 17.00 u 0.26 J 0.10 u 0.12 u 0.13 u 
217 480 17.00 u 6.30 1.30 u 1.60 u 1.50 u 
217 480 17.00 u 15.00 0.29 u 0.36 u 0.34 u 
217 480 5.00 u 19.00 0.42 u 0.50 u 2.30 J 

211 1 17.00 u 2.90 0.63 u 0.80 u 0.75 u 
218 440 15.00 u 14.00 0.75 u 0.89 u 0.94 u 
212 3 17.00 u 140.00 u 120.00 J 120.00 u 130.00 u 
218 440 17.00 u 5.70 B 0.20 u 0.25 u 0.23 u 
217 480 17.00 u 11.00 E 0.02 J 0.02 u 0.25 J 

217 320 5.00 u 1.10 0.04 u 0.05 u 0.06 u 
226 432 17.00 u 19.00 0.33 u 0.38 u 0.41 u 
226 432 17.00 u 27.50 0.98 u l.14 u 1.21 u 

217 320 5.00 u 1.20 O.o7 U 0.09 u 0.09 u 

211 2 5.00 u 1.20 0.07 u 0.08 u 0.10 J 

218 440 6.00 J 13.00 I.SO U l.80 u 1.90 u 

113 

m,p-Xylene o-Xylene Bromoform 

0.32 J 0.16 J 0.09 u 
0.44 u 0.44 u 0.37 u 
0.56 u 0.56 u 0.47 u 
0.26 J 0.16 u 0.17 u 
0.72 u 0.72 u 0.61 u 
2.50 J 0.92 u 0.78 u 
0.72 J 0.26 J 0.19 u 
0.44 u 0.44 u 0.37 u 
1.20 u 1.20 u 1.00 u 
0.23 J 0.18 J 0.13 u 
0.13 u 0.13 u 0.11 u 
1.90 u l.80 u 1.90 u 
0.42 u o.40 u 0.42 u 
7.60 1.30 J 0.44 u 
0.93 u 0.88 u 0.94 u 
0.94 u 0.94 u 0.79 u 

130.00 u 130.00 u 110.00 u 
0.29 u 0.27 u 0.29 u 
0.06 J 0.03 J 0.02 u 
0.06 J 0.06 u 0.05 u 
0.41 u 0.41 u 0.34 u 
1.21 u 1.21 u 1.00 u 
0.09 u 0.09 u 0.08 u 
0.34 J 0.19 J 0.07 u 
1.90 u 1.90 u 1.60 u 



Drum# Site 

022511 INEL 

022513 INEL 

022517 INEL 

022539 INEL 

022549 INEL 

022552 INEL 

022557 INEL 

022595 INEL 

022600 RFETS 

022780 INEL 

022789 INEL 

022790 INEL 

022803 INEL 

022807 INEL 

022811 INEL 

022833 INEL 

022841 INEL 

022850 INEL 

022874 INEL 

022894 INEL 

022923 INEL 

023005 INEL 

023027 RFETS 

023041 RFETS 

023046 RFETS 

Waste Matrix 
Code Group -

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Salt Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Solidified lnorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

217 480 18.00 u 

212 l 17.00 u 

226 432 17.00 u 

226 432 17.00 u 

217 480 18.00 u 

218 442 17.00 u 

217 480 17.00 u 

211 l 15.00 u 

213 4 130.00 u 

211 7 18.00 u 

211 7 17.00 u 

214 292 18.00 u 

222 371 15.00 u 

224 414 17.00 u 

211 7 17.00 u 

211 7 15.00 u 

211 7 17.00 u 

211 7 17.00 u 

222 371 17.00 u 

211 I 15.00 u 

218 440 17.00 u 

211 7 17.00 u 

217 480 5.00 u 

222 371 5.00 u 

211 7 5.00 u 

Toluene 

2.70 

0.81 J 

16.00 

15.00 

3.30 

0.61 J 

17.00 

1.10 

2.10 

2.80 

0.80 u 

5.00 B 

0.76 u 

4.00 

1.80 

3.90 

3.10 

2.70 

0.88 J 

l.20 

6.90 

1.70 J 

0.46 

0.42 

2.50 

C2- 114 

Tetra 
chloro 
ethene 

0.78 u 

0.23 u 

0.10 u 

0.10 u 

1.30 u 

0.29 u 

0.45 u 

0.22 u 

0.23 u 

l.10 

0.70 J 

0.15 u 

0.53 u 

0.10 u 

1.30 

1.90 u 

1.00 u 

1.70 

0.18 u 

0.16 J 

0.33 u 

1.30 J 

0.43 J 

0.24 u 

0.66 J 

Chloro 
benzene 

0.92 u 

0.27 u 

0.11 u 

0.11 u 

1.50 u 

0.34 u 

0.56 u 

0.27 u 

0.27 u 

0.40 u 

0.66 u 

0.19 u 

0.62 u 

0.12 u 

0.34 u 

2.40 u 

1.30 u 

0.80 u 

0.21 u 

0.11 u 

0.38 u 

0.18 u 

0.18 u 

0.28 u 

0.50 u 

Ethyl 
benzene 

0.97 u 

0.28 u 

0.12 u 

0.12 u 

1.60 u 

0.36 u 

0.53 u 

0.26 u 

0.29 u 

0.38 u 

0.70 u 

0.18 u 

0.66 u 

0.15 J 

0.32 u 

2.30 u 

1.20 u 

0.75 u 

0.22 u 

0.89 J 

0.41 u 

0.30 J 

0.18 u 

0.30 u 

0.53 u 

m,p-Xylene o-Xylene Bromoform 

0.97 u 0.97 u 0.82 u 

0.28 u 0.28 u 0.24 u 

0.12 u 0.12 u 0.10 u 

0.12 u 0.12 u 0.10 u 

1.60 u 1.60 u 1.30 u 

0.36 u 0.36 u 0.30 u 

0.66 u 0.62 u 0.66 u 

0.32 u 0.30 u 0.32 u 

0.29 u 0.29 u 0.24 u 

0.46 u 0.44 u 0.47 u 

0.70 u 0.70 u 0.58 u 

0.21 m 0.21 u 0.23 u 

0.66 u 0.66 u 0.55 u 

0.30 J 0.13 u 0.11 u 

0.39 u 0.37 u 0.39 u 

2.80 u 2.60 u 2.80 u 

1.50 u 1.40 u 1.50 u 

0.93 u 0.88 u 0.94 u 

0.22 u 0.22 u 0.19 u 

1.80 0.78 J 0.13 u 
0.41 u 0.41 u 0.34 u 

0.55 J 0.19 u 0.16 u 
0.47 J 0.36 J 0.16 u 

0.30 u 0.30 u 0.25 u 

0.53 u 0.53 u 0.44 u 



Drum# Site 

023048 RFETS 

023062 INEL 

023211 INEL 

023212 RFETS 

023227 INEL 

023229 INEL 

023235 RFETS 

023238 INEL 

023277 INEL 

023285 INEL 

023312 INEL 

023341 RFETS 

023357 INEL 

023383 RFETS 

023384 INEL 

023388 INEL 

023392 INEL 

023407 INEL 

023460 INEL 

023469 INEL 

023492 INEL 

023519 INEL 

023535 INEL 

023552 INEL 

023662 INEL 

Waste Matrix 
Code Group 

" 

Solidified Organics 

Solidified lnorganics 

Filter 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl 

Code Code ketone 

226 432 17.00 u 

211 7 17.00 u 

119 376 17.00 u 

217 480 5.00 U 

217 480 17.00 u 

216 337 17.00 u 

216 336 5.00 U 

211 I 17.00 u 

222 371 17.00 u 

211 7 17.00 u 

217 480 17.00 u 

211 7 5.00 U 

211 1 17.00 u 

217 481 5.00 U 

223 339 15.00 u 

216 330 15.00 u 

213 4 43.00 u 

212 3 17.00 u 

218 442 17.00 u 

212 3 17.00 u 

211 7 17.00 u 

212 3 17.00 u 

211 7 15.00 u 

211 I 17.00 u 

218 442 1.10 U 

Toluene 

22.00 

1.20 J 

9.30 

7.40 

2.50 

4.00 J 

16.00 

1.70 

l.30 u 

3.30 J 

4.10 

0.83 

1.70 J 

0.16 

0.18 J 

0.49 J 

0.95 J 

28.00 u 

1.20 

0.43 u 

0.90 u 

3.10 u 
0.82 u 

1.90 J 

1.40 

'11~ 

Tetra 
chloro 
ethene 

0.35 u 

0.58 J 

0.05 U 

0.49 u 

0.08 u 
0.50 u 

0.13 u 
0.17 J 

0.88 u 

1.70 u 
0.63 u 
0.49 

0.13 u 

0.01 u 

0.09 u 
0.08 u 
0.56 u 

20.00 u 
0.03 u 
0.30 u 

0.63 u 

2.40 u 
0.63 u 
0.70 u 

0.08 u 

Chloro 
benzene 

0.41 u 

0.18 u 
0.06 u 
0.58 u 

0.10 u 
0.59 u 

0.16 u 
0.18 u 

1.00 u 
2.00 u 

0.80 u 
0.01 u 
0.15 u 

0.01 u 

0.10 u 

0.09 u 

0.67 u 

23.00 u 
0.03 u 

0.36 u 

0.74 u 

3.00 u 

0.80 u 
0.83 u 

0.10 u 

Ethyl 
benzene 

0.44 u 
0.19 u 
0.06 u 

0.62 u 

0.10 u 
0.63 u 

0.32 J 

0.17 u 
1.10 u 

2.10 u 

0.76 u 

0.14 

0.16 u 

0.01 u 

0.11 u 
0.09 u 

0.71 u 

24.00 u 

0.03 u 

0.38 u 
0.78 u 
2.90 u 
0.75 u 

0.88 u 

0.10 u 

m,p-Xylene o-Xylene Bromoform 
" 

0.44 u 0.44 u 0.37 u 

0.19 u 0.19 u 0.16 u 
0.17 J 0.08 J 0.05 u 
0.62 u 0.62 u 0.52 u 
0.10 u 0.10 u 0.09 u 
0.63 u 0.63 u 0.53 u 
0.65 J 0.17 u 0.14 u 

0.20 u 0.19 u 0.21 u 
1.10 u 1.10 u 0.92 u 

2.10 u 2.10 u 1.80 u 

0.93 u 0.88 u 0.94 u 

0.26 0.10 0.01 u 

0.16 u 0.16 u 0.13 u 
0.03 J 0.01 u 0.01 u 

0.17 J 0.22 J 0.13 u 

0.11 u 0.10 u 0.17 u 

0.71 u 0.71 u 0.59 u 

24.00 u 24.00 u 21.00 u 
0.03 u 0.03 u 0.03 u 
0.88 J 0.58 J 0.32 u 
0.78 u 0.78 u 0.66 u 
3.50 u 3.30 u 3.60 u 
0.93 u 0.88 u 0.94 u 

0.88 u 0.88 u 0.74 u 
0.10 u 0.10 u 0.09 u 



Drum# Site 

02368i INEL 

023695 RFETS 

023771 RFETS 

023776 INEL 

023805 INEL 

023827 RFETS 

023840 INEL 

023901 INEL 

023929 RFETS 

023959 INEL 

024028 RFETS 

024029 INEL 

024058 INEL 

024059 INEL 

024088 INEL 

024090 INEL 

024092 INEL 

024095 INEL 

024102 INEL 

024106 INEL 

024113 INEL 

024147 INEL 

024165 INEL 

024168 INEL 

024185 INEL 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Inorganics 

Solidified lnorganics 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Solidified lnorganics 

Combustible 

Heterogeneous 

Salt Waste 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl Chloro Ethyl 

Code Code ketone Toluene 

Tetra 
chloro 
ethene benzene benzene 

211 I 17.00 u 0.70 J 0.30 u 0.36 u 0.38 u 

211 2 5.00 u 0.62 0.22 J 0.18 u 0.19 u 

216 330 5.00 u 23.00 0.16 u 0.19 u 0.20 u 

216 330 17.00 u 6.50 0.33 u 0.39 u 0.42 u 

217 480 17.00 u 5.20 0.01 u 0.02 u 0.07 J 

217 320 5.00 u 0.16 0.01 u 0.01 u 0.01 J 

216 337 17.00 u 3.00 0.29 u 0.32 u 0.34 u 

216 330 1.10 u 1.20 0.27 u 0.30 u 0.32 u 

218 440 5.00 u 2.30 0.50 u 0.59 u 0.63 u 

217 480 17.00 u 22.00 1.10 u 1.30 u 1.40 u 

218 440 5.00 u 0.50 0.10 u 0.12 u 0.13 u 

217 480 17.00 u 0.13 J 0.02 u 0.02 u 0.02 u 

211 I 17.00 u 2.20 J 0.38 u 0.44 u 0.47 u 

214 292 17.00 u 10.00 0.15 u 0.18 u 0.29 J 

216 337 1.10 u 11.00 0.29 u 0.34 u 7.40 

216 337 17.00 u 8.00 0.43 u 0.47 u 0.51 u 

216 337 17.00 u 15.00 1.30 u 1.50 u 1.60 u 

216 337 17.00 u 2.30 0.18 u 0.20 u 0.21 u 

216 337 17.00 u 14.00 0.43 u 0.50 u 0.54 u 

216 337 17.00 u 22.00 0.63 u 0.74 u 0.78 u 

216 337 17.00 u 12.00 0.19 u 0.22 u 0.24 u 

211 l 17.00 u 3.60 J 0.58 u 0.68 u 0.72 u 

216 337 17.00 u 12.00 0.44 u 0.52 u 9.80 

216 330 17.00 u 0.56 J 0.03 u 0.03 u 0.03 u 

224 409 17.00 u 1.90 0.03 u 0.03 u 0.14 J 

C2- 116 

m,p-Xylene o-Xylene Bromoform 

0.38 u 0.38 u 0.32 u 

0.23 J 0.19 u 0.16 u 

0.20 u 0.20 u 0.17 u 

0.42 u 0.42 u 0.35 u 

0.10 J 0.07 J 0.02 u 

0.02 J 0.01 u 0.01 u 

0.39 u 0.35 u 0.64 u 

0.37 u 0.33 u 0.61 u 

0.63 u 0.63 u 5.00 u 

1.40 u 1.40 u 1.20 u 

0.13 u 0.13 u 0.11 u 

0.02 u o.oi u 0.03 u 

0.47 u 0.47 u 0.40 u 

0.47 J 0.28 J 0.16 u 

20.00 3.60 0.30 u 

0.58 u 0.52 u 0.96 u 

1.60 u 1.60 u 1.30 u 

0.24 u 0.22 u 0.40 u 

0.54 u 0.54 u 0.45 u 

0.78 u 0.78 u 0.66 u 

0.24 u 0.24 u 0.20 u 

0.72 u 0.72 u 0.61 u 
28.00 3.40 0.46 u 

0.05 J O.o3 U 0.26 u 

0.23 J 0.14 J 0.03 u 



Drum# Site 

024254 INEL 

024271 INEL 

024273 INEL 

024289 RFETS 

024295 INEL 

024308 INEL 

024309 INEL 

024311 INEL 

024318 INEL 

024506 INEL 

024507 INEL 

024600 INEL 

024638 INEL 

02467D INEL 

024765 INEL 

024786 INEL 

024850 INEL 

024884 INEL 

024897 INEL 

024920 INEL 

024991 INEL 

025001 INEL 

032284 INEL 

032287 RFETS 

032467 INEL 

Waste Matrix 
Code Croup 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Combustible 

Solidified lnorganics 

Combustible 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl 

Code Code ketone 

224 414 17.00 u 

218 442 17.00 u 

218 442 17.00 u 

218 440 5.00 u 

224 414 17.00 u 

211 2 17.00 u 

211 2 17.00 u 

211 2 41.00 u 

211 2 17.00 u 

122 374 17.00 u 

117 480 17.00 u 

217 480 17.00 u 

216 330 17.00 u 

211 1 17.00 u 

217 480 17.00 u 

217 480 17.00 u 

226 432 17.00 u 

217 480 17.00 u 

211 1 17.00 u 

211 1 17.00 u 

211 I 17.00 u 

212 3 17.00 u 

223 339 17.00 u 

211 7 5.00 U 

216 337 17.00 u 

Toluene 

6.30 

3.90 

4.90 

13.00 

2.40 

1.40 J 

l.20 J 

0.89 J 

0.39 J 

6.80 

14.00 

9.30 

1.40 

3.80 J 

1.90 

5.00 

18.00 

22.00 

l.00 J 

5.30 J 

3.90 

2.40 J 

3.70 

1.40 

0.29 J 

~17 

Tetra 
chloro 
ethene 

0.04 u 

0.08 u 

0.16 u 

0.30 u 
0.08 u 
0.13 u 
0.10 u 
0.20 u 

0.20 u 

0.05 u 

0.06 u 

0.23 u 

0.11 u 
0.45 U 

0.04 u 

0.30 u 

0.08 u 

0.20 u 

0.20 u 

0.58 u 

0.28 u 

l.00 u 

0.29 u 

0.99 u 
0.20 u 

Chloro 
benzene 

0.05 u 

0.10 u 

0.19 u 
0.35 u 
0.10 u 

0.15 u 
0.12 u 
0.24 u 

0.24 u 
0.06 u 

0.07 u 

0.27 u 

0.13 u 

0.53 U 

0.05 u 

0.36 u 

0.10 u 

0.24 u 

0.24 u 

0.68 u 

0.33 u 

l.20 u 

0.32 u 

l.20 u 
0.24 u 

Ethyl 
benzene 

0.09 J 

0.10 u 

0.20 u 

0.37 u 

0.10 u 
0.20 J 

0.19 J 

0.26 u 

0.25 U 

0.06 u 
0.08 u 

0.43 J 

0.14 u 

0.56 U 

0.05 J 

0.38 u 

0.10 u 

0.25 u 

0.25 U 

0.72 u 

0.35 U 

1.30 u 
0.37 J 

1.20 u 

0.25 U 

m,p-Xylene o-Xylene Bromoform 
~ 

0.33 J 0.23 J 0.04 u 

0.10 u 0.10 u 0.09 u 

0.20 u 0.20 u 0.17 u 

0.37 u 0.37 u 0.31 u 
0.10 u 0.10 u 0.09 u 
0.64 J 0.39 J 0.13 u 
0.66 J 0.37 J 0.11 u 
0.50 J 0.30 J 0.21 u 

0.46 J 0.25 U 0.21 u 
0.06 u 0.06 u 0.05 u 
0.19 J 0.09 J 0.07 u 

0.80 J 0.42 J 0.24 u 
0.14 u 0.14 u 0.12 u 
0.56 U 0.56 u 0.48 u 
0.06 u 0.05 U 0.06 u 
0.38 u 0.38 u 0.32 u 

0.10 u 0.10 u 0.09 u 

0.25 U 0.25 u 0.21 u 

0.25 U 0.25 U 0.21 u 

0.72 u 0.72 u 0.61 u 

0.35 U 0.35 u 0.29 u 

1.30 u 1.30 u I.IO U 

0.98 J 0.86 J 0.42 u 

1.20 u 1.20 u 1.00 u 

0.25 U 0.25 U 0.21 u 



Drum# Site 

032469 RFETS 
032473 INEL 

032485 INEL 

032517 RFETS 
032521 INEL 
032525 INEL 
032526 INEL 
032529 INEL 
032540 INEL 

032632 INEL 
032659 RFETS 
032669 RFETS 
032712 INEL 
032715 RFETS 
032748 INEL 
032753 INEL 
033091 INEL 
001332 RFETS 
006288 RFETS 
006339 RFETS 
011129 RFETS 
013364 RFETS 
015680 RFETS 
017184 RFETS 
032439 RFETS 

Waste Matrix 
Code Group 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Heterogeneous 

Filter 

Heterogeneous 

Filter 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Filter 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

216 337 5.00 u 

216 337 17.00 u 

216 337 17.00 u 

223 339 5.00 u 

223 339 17.00 u 

223 339 17.00 u 

223 339 17.00 u 

216 336 17.00 u 

217 480 17.00 u 

217 480 17.00 u 

217 480 5.00 u 

217 480 5.00 u 

217 480 17.00 u 

216 337 5.00 u 

223 339 17.00 u 

217 481 17.00 u 

223 339 17.00 u 

ll6 832 3.00 u 

ll9 338 0.60 u 

0 337 4.72 J 

ll9 338 0.79 J 

117 480 l.10 u 

116 831 400.00 u 

Ill 800 1.10 u 

ll9 338 0.60 u 

Toluene 

6.80 

9.80 

8.60 

2.60 

3.10 

2.00 

2.40 

26.00 

0.94 J 

1.70 

4.30 

3.40 

0.82 J 

0.86 

4.40 

0.04 u 

2.70 

19.36 

0.10 u 

1.27 J 

0.10 u 

2.48 

66.67 u 

1.61 

0.10 u 

Cl- 118 

Tetra 
chloro 
ethene 

0.33 u 

1.30 u 

0.78 u 

0.07 u 

0.06 u 

0.04 u 

0.54 u 

0.23 u 

0.33 u 

0.14 u 

0.26 u 
0.28 u 

0.24 u 
0.o7 u 

0.23 u 

0.03 u 

0.02 u 
0.50 u 

0.10 u 

0.20 u 

0.10 u 
0.10 u 

66.67 u 

0.10 u 
0.10 u 

Chloro 
benzene 

0.39 u 

1.60 u 

0.92 u 

0.09 u 

O.o7 U 

0.04 u 

0.59 u 

0.33 u 

0.39 u 

0.15 u 

0.30 u 

0.33 u 

0.28 u 

0.09 u 

0.33 u 

0.03 u 

0.02 u 

1.00 u 

0.20 u 

0.40 u 

0.20 u 

0.10 u 
133.33 u 

0.10 u 

0.20 u 

Ethyl 
benzene 

0.41 u 

1.70 u 

0.98 u 

0.20 J 

0.31 J 

0.11 J 

0.63 u 

0.38 u 

0.41 u 

0.16 u 

0.32 u 

0.35 u 

0.30 u 

0.09 u 

0.38 u 

0.03 u 

0.38 J 

42.90 

0.10 u 

0.20 u 

0.10 u 

0.10 u 

66.67 u 

0.10 u 

0.10 u 

m,p-Xylene a-Xylene Bromoform 

0.41 u 0.41 u 0.34 u 

1.70 u 1.70 u 1.40 u 

0.98 u 0.98 u 0.82 u 

0.41 JB 0.46 J 0.08 u 

0.55 J 0.76 J 0.09 u 

0.16 J 0.23 J 0.05 u 

1.30 0.83 J 0.78 u 

0.32 u 0.25 u 0.15 u 

0.41 u 0.41 u 0.34 u 

0.19 u 0.17 u 0.20 u 

0.34 J 0.32 u 0.27 u 

0.35 u 0.35 u 0.30 u 

0.30 u 0.30 u 0.25 u 

0.09 u 0.09 u 0.08 u 

0.32 u 0.25 u 0.15 u 

0.03 u 0.03 u 0.03 u 

l.10 0.86 J 0.03 u 

133.38 62.59 0.50 u 

0.10 u 0.10 u 0.10 u 

0.20 u 0.20 u 0.20 u 
0.10 u 0.10 u 0.10 u 
0.10 u 0.20 u 0.10 u 

66.67 u 66.67 u 66.67 u 
0.10 u 0.20 u 0.10 u 
0.10 u 0.10 u 0.10 u 



Drum# Site 

032978 RFETS 
035301 RFETS 
035306 RFETS 
036606 RFETS 
038859 RFETS 
038989 RFETS 
041681 RFETS 
042280 RFETS 
047501 RFETS 
048182 RFETS 
048200 RFETS 
048377 RFETS 
049662 RFETS 
049880 RFETS 
052318 RFETS 
052362 RFETS 
052726 RFETS 
053672 RFETS 
055656 RFETS 
055680 RFETS 
055938 RFETS 
056095 RFETS 
056595 RFETS 
056755 RFETS 
056823 RFETS 

Waste Matrix 
Code Group -

Solidified lnorganics 

Solidified Inorganics 

Lead/Cadmium Metal 

Uncategorized Metal 

Solidified Inorganics 

Heterogeneous 

Filter 

Solidified Organics 

Lead/Cadmium Metal 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified Inorganics 

Heterogeneous 

Lead/Cadmium Metal 

Heterogeneous 

Heterogeneous 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

Ill 803 34.00 u 

111 800 l.10 u 

123 339 1.20 u 

117 480 2.80 u 

Ill 803 1.10 u 

0 336 0.60 u 

119 338 0.10 u 

112 801 2500.00 u 

0 341 0.68 J 

119 376 4.40 u 

116 831 88.00 u 

118 368 l.10 u 

0 292 0.60 u 

0 336 1.60 u 

117 321 0.60 u 

116 821 2.20 u 

116 833 4.80 u 
118 440 2.20 u 
116 831 3.30 u 
116 821 2.20 u 

116 831 2.20 u 
0 337 0.60 u 

116 831 80.00 u 

116 821 1.10 u 
116 831 4.40 u 

Toluene 

5.67 u 

0.20 1 

7.86 

40.46 

0.45 1 

9.27 

3.39 

416.67 u 

5.91 

27.92 

16.39 1 

2.61 

6.19 

16.66 

0.22 1 

9.50 

11.72 

8.14 

33.36 

8.57 

12.11 

3.59 

13.33 u 
0.20 1 

23.57 

;}19 

Tetra 
chloro 
etbene 

5.61 u 

0.10 u 

0.20 u 

0.40 u 

0.10 u 

0.10 u 

0.10 u 

416.67 u 

0.10 u 

0.40 u 

8.00 u 

0.10 u 

0.10 u 

0.27 u 

0.10 u 

0.20 u 

0.80 u 

0.20 u 
0.30 u 

0.20 u 

0.20 u 
0.10 u 

13.33 u 

0.10 u 

0.40 u 

Cbloro 
benzene 

11.33 u 

0.10 u 

0.40 u 

0.80 u 

0.10 u 

0.20 u 

0.20 u 

833.33 u 

0.20 u 

0.40 u 

8.00 u 

0.10 u 

0.20 u 

0.53 u 

0.20 u 

0.20 u 
1.60 u 
0.20 u 
0.30 u 
0.20 u 
0.20 u 
0.20 u 

26.67 u 

0.10 u 

0.40 u 

Ethyl 
benzene 

5.61 u 

0.10 u 

0.20 u 
0.40 u 

0.10 u 

0.10 u 

0.10 u 

416.67 u 
0.10 u 

0.40 u 

8.00 u 

0.10 u 

0.10 u 

0.27 u 
0.10 u 

0.20 u 

0.80 u 
0.20 u 
0.30 u 
0.20 u 
0.20 u 
0.10 u 

13.33 u 
0.10 u 

0.40 u 

m,p-Xylene a-Xylene Bromoform 

5.61 u 5.61 u 5.61 u 

0.10 u 0.20 u 0.10 u 

0.45 1 1.03 1 0.20 u 
0.40 u 0.40 u 0.40 u 
0.10 u 0.20 u 0.10 u 

0.10 u 0.10 u 0.10 u 

0.10 u 0.10 u 0.10 u 

416.67 u 416.67 u 416.67 u 

0.10 u 0.10 u 0.10 u 
0.40 u 0.80 u 0.40 u 
8.00 u 16.00 u 8.00 u 
0.10 u 0.20 u 0.10 u 

0.10 u 0.10 u 0.10 u 

0.27 u 0.27 u 0.27 u 
0.10 u 0.10 u 0.10 u 
0.20 u 0.40 u 0.20 u 

0.80 u 0.80 u 0.80 u 

0.29 1 0.40 u 0.20 u 
0.30 u 0.60 u 0.30 u 
0.23 1 OAO U 0.20 u 
0.20 u 0.40 u 0.20 u 
0.10 u 0.10 u 0.10 u 

13.33 u 13.33 u 13.33 u 

0.18 1 0.20 u 0.10 u 
0.40 u 0.80 u 0.40 u 



Drum# Site 

057179 RFETS 
057522 RFETS 

057847 RFETS 
058143 RFETS 
058154 RFETS 
058627 RFETS 

058889 RFETS 

058970 RFETS 

059053 RFETS 
059703 RFETS 
059899 RFETS 
060056 RFETS 
060218 RFETS 
060298 RFETS 
060320 RFETS 
060463 RFETS 
0605ll RFETS 
060635 RFETS 

061245 RFETS 
061278 RFETS 
061473 RFETS 
061504 RFETS 
061747 RFETS 
062340 RFETS 
062478 RFETS 

Waste Matrix 
Code Croup -

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Lead/Cadmium Metal 

Heterogeneous 

Filter 

Lead/Cadmium Metal 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Inorganic Non-metal 

Filter 

Filter 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Heterogeneous 

Heterogeneous 

Filter 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

0 330 12.00 u 

0 336 2.40 u 

117 480 2.80 u 

111 807 l.10 u 

116 831 2.40 u 

116 831 1.20 u 

116 831 1.40 u 

111 807 1.10 u 

0 341 0.60 u 

116 831 3.50 u 

0 331 3.50 u 

0 341 1.60 u 

116 821 2.20 u 

112 801 6306.66 u 

0 330 256.93 J 

118 440 1.10 u 

119 491 2.20 u 

119 491 I.IOU 

0 336 5.48 J 

0 336 l.60 u 

0 377 3.30 u 

0 341 3.47 J 

0 330 3.33 J 

116 821 4.40 u 
119 376 4.40 u 

Toluene 

6.90 J 

7.15 

41.16 

8.03 

40.69 

11.64 

12.97 

3.12 

3.49 

62.59 

50.44 a 

5.44 

5.17 

573.33 u 

28.00 u 

1.92 

8.05 

4.79 

12.27 

18.50 

26.06 

6.80 

23.52 

29.08 

28.29 

C2- 120 

Tetra 
chloro 
ethene 

2.00 u 

0.40 u 

0.40 u 

0.10 u 

0.40 u 

0.20 u 

0.20 u 

0.10 u 

0.10 u 

0.50 u 

0.50 u 

0.27 u 

0.20 u 

573.33 u 

28.00 u 

0.10 u 

0.20 u 

0.10 u 

0.47 u 

0.27 u 

0.30 u 

0.10 u 

0.27 u 

0.40 u 

0.40 u 

Chloro 
benzene 

4.00 u 

0.80 u 

0.80 u 

0.10 u 

0.80 u 

0.40 u 

0.40 u 

0.10 u 

0.20 u 

1.00 u 

1.00 u 

0.53 u 

0.20 u 

573.33 u 

56.00 u 

0.10 u 

0.20 u 

0.10 u 

0.93 u 

0.53 u 

0.30 u 

0.34 J 

0.53 u 

0.40 u 

0.40 u 

Ethyl 
benzene 

2.00 u 

0.40 u 

0.40 u 

0.10 u 

0.40 u 

10.02 

0.20 u 

0.10 u 

0.15 J 

0.50 u 

0.50 u 

0.27 u 

1.75 J 

573.33 u 

28.00 u 

0.10 u 

0.20 u 

0.10 u 

0.47 u 

0.27 u 

0.30 u 

0.31 J 

0.27 u 

0.40 u 

0.40 u 

m,p-Xylene o-Xylene Bromoform 

2.00 u 2.00 u 2.00 u 

0.40 u 0.40 u 0.40 u 

0.40 u 0.40 u 0.40 u 

0.10 u 0.20 u 0.10 u 

0.40 u 0.40 u 0.40 u 

36.00 10.31 0.20 u 

0.20 u 0.20 u 0.20 u 

0.17 J 0.20 u 0.10 u 

0.32 J 0.78 J 0.10 u 

0.50 u 0.50 u 0.50 u 

0.50 u 0.50 u 0.50 u 

0.63 J l.53 J 0.27 u 

11.25 8.61 0.20 u 

573.33 u 1146.6 u 573.33 u 

28.00 u 28.00 u 28.00 u 

0.10 u 0.20 u 0.10 u 

0.20 u 0.40 u 0.20 u 

0.10 u 0.20 u 0.10 u 

0.47 u 0.47 u 0.47 u 

0.27 u 0.27 u 0.27 u 

0.30 u 0.60 u 0.30 u 

0.82 J l.58 0.10 u 

0.27 u 0.27 u 0.27 u 

0.40 u 0.80 u 0.40 u 

0.40 u 0.80 u 0.40 u 



Drum# Site 

062714 RFETS 
062851 RFETS 
062855 RFETS 

063098 RFETS 

063229 RFETS 

063281 RFETS 

063460 RFETS 

063654 RFETS 

063808 RFETS 

063817 RFETS 

063819 RFETS 

063999 RFETS 

064004 RFETS 
064137 RFETS 

064448 RFETS 
064555 RFETS 
064632 RFETS 

064752 RFETS 

064758 RFETS 

064860 RFETS 
065212 RFETS 

065213 RFETS 
065214 RFETS 
065530 RFETS 
065535 RFETS 

Waste Matrix 
Code Croup 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Inorganlcs 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Filter 

Filter 

Filter 

Heterogeneous 

Solidified Organics 

Solidified lnorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Solidified lnorganics 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon JDC lsobutyl 
Code Code ketone 

116 831 7.00 u 
116 825 3.30 u 
116 821 66.00 u 

0 331 4.59 J 

116 831 2.20 u 
111 807 1.10 u 

116 831 l.10 u 

111 807 I.IO U 

116 831 8.80 u 
116 821 17.60 u 

111 807 2.20 u 
119 491 3.30 u 

0 331 2.80 u 
119 335 1.10 u 
116 821 1210.00 u 

112 801 6306.66 u 

111 800 l.10 u 
117 480 14.00 u 

116 831 3.00 u 
116 831 84.00 u 

116 831 63.00 u 

116 831 56.00 u 

116 831 810.34 u 

111 807 1.10 u 
111 807 1.10 u 

Toluene 

29.92 

6.69 

26.39 J 

48.86 a 

22.72 

5.39 

14.84 

5.82 

44.69 

8.12 J 

2.57 

11.61 

36.31 a 

0.14 J 

574.53 J 

573.33 u 
2.64 

28.39 

46.17 

24.89 J 

19.34 J 

27.39 J 

73.67 u 
5.64 

1.84 

~'ZI 

Tetra 
chloro 
etbene 

1.00 u 
0.30 u 
6.00 u 
0.50 u 

0.20 u 

0.10 u 

0.10 u 

0.10 u 

0.80 u 

1.60 u 

0.20 u 

0.30 u 

0.40 u 

0.10 u 

110.00 u 

573.33 u 

0.10 u 

2.00 u 

0.50 u 

12.00 u 

9.00 u 

8.00 u 

73.67 u 
0.10 u 

0.10 u 

Cbloro 
benzene 

2.00 u 
0.30 u 
6.00 u 
1.00 u 

0.20 u 
0.10 u 
0.10 u 

0.10 u 
0.80 u 

1.60 u 
0.20 u 

0.30 u 

0.80 u 
0.10 u 

110.00 u 

573.33 u 

0.10 u 

4.00 u 

l.00 u 

24.00 u 

18.00 u 

16.00 u 

73.67 u 

0.10 u 

0.10 u 

Ethyl 
benzene 

1.00 u 
0.30 u 
6.00 u 
0.50 u 
0.20 u 

0.10 u 
0.10 u 

0.10 u 

0.80 u 
1.60 u 
0.20 u 

0.30 u 
0.40 u 
0.10 u 

1996.8 

573.33 u 

0.10 u 
2.00 u 
0.50 u 

12.00 u 
9.00 u 

8.00 u 

73.67 u 
0.10 u 

0.10 u 

m,p-Xylene o-Xylene Bromoform 

1.00 u 1.00 u 1.00 u 
0.30 u 0.60 u 0.30 u 
6.00 u 12.00 u 6.00 u 
0.50 u 0.50 u 0.50 u 
0.20 u 0.40 u 0.20 u 
0.10 u 0.20 u 0.10 u 
0.10 u 0.20 u 0.10 u 
0.10 u 0.20 u 0.10 u 
0.80 u 1.60 u 0.80 u 

1.60 u 3.20 u 1.60 u 
0.20 u 0.40 u 0.20 u 
0.30 u 0.60 u 0.30 u 
0.40 u 0.40 u 0.40 u 
0.10 u 0.20 u 0.10 u 

8500.I 2764.0 110.00 u 
573.33 u 1146.6 u 573.33 u 

0.25 J 0.20 u 0.10 u 

2.00 u 2.00 u 2.00 u 
0.50 u 0.50 u 0.50 u 

12.00 u 12.00 u 12.00 u 
9.00 u 9.00 u 9.00 u 
8.00 u 8.00 u 8.00 u 

73.67 u 147.33 u 73.67 u 
0.10 u 0.20 u 0.10 u 
0.10 u 0.20 u 0.10 u 



Drum# Site 

065546 RFETS 

065600 RFETS 

065731 RFETS 
065734 RFETS 
065754 RFETS 
065757 RFETS 
065972 RFETS 
066128 RFETS 
066157 RFETS 
066162 RFETS 

066211 RFETS 
066213 RFETS 
066356 RFETS 
066378 RFETS 
066438 RFETS 
066523 RFETS 
066525 RFETS 
066631 RFETS 
066637 RFETS 
066641 RFETS 
066649 RFETS 
066773 RFETS 
066783 RFETS 
066792 RFETS 
066860 RFETS 

Waste Matrix 
Code Group 

Solidified Inorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Uncategorized Metal 

Lead/Cadmium Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon JDC 
Methyl 
lsobutyl Chloro Ethyl 

Code Code ketone Toluene 

Tetra 
chloro 
ethene benzene benzene 

111 807 1.10 u 5.54 0.10 u 0.10 u 0.10 u 

111 807 I.IO U 4.21 0.10 u 0.10 u 0.10 u 

122 375 4.40 u 7.18 0.40 u 0.40 u 0.40 u 

117 480 7.70 u 56.70 0.70 u 0.70 u 0.70 u 

116 831 4.00 u 68.61 0.67 u 1.33 u 0.67 u 

116 831 18.00 u I l.25 J 3.00 u 6.00 u 3.00 u 

119 376 3.30 u 19.73 0.30 u 0.30 u 0.30 u 

116 831 3.00 u 39.06 0.50 u l.00 u 0.50 u 
117 480 725.65 J 106.82 2.00 u 4.00 u 132.20 

123 339 990.00 u 90.00 u 90.00 u 90.00 u 90.00 u 

116 833 1.10 u 8.42 0.10 u 0.10 u 0.10 u 

116 831 1.80 u 13.19 0.30 u 0.60 u 0.30 u 
116 831 1000.00 u 166.67 u 166.67 u 333.33 u 166.67 u 

116 831 1344.00 u 192.00 u 192.00 u 384.00 u 192.00 u 

117 480 17.60 u 5.56 J 1.60 u l.60 u 1.60 u 

112 801 6306.66 u 573.33 u 573.33 u 573.33 u 573.33 u 
111 800 1.87 u 15.55 0.27 u 0.53 u 0.27 u 

116 831 5.50 u 48.16 0.50 u 0.50 u 0.50 u 

116 831 56.00 u 25.59 J 8.00 u 16.00 u 8.00 u 

116 831 660.00 u 60.00 u 60.00 u 60.00 u 60.00 u 

123 339 616.00 u 56.00 u 56.00 u 56.00 u 56.00 u 

117 480 3.30 u 12.48 0.30 u 0.30 u 0.90 J 

116 831 2750.00 u 250.00 u 250.00 u 250.00 u 250.00 u 

116 831 1100.00 u 100.00 u 100.00 u 100.00 u 100.00 u 

116 833 2.20 u 13.86 0.20 u 0.20 u 0.35 J 

C2- 122 

m,p-Xylene o-Xylene Bromoform 

0.10 u 0.20 u 0.10 u 

0.10 u 0.20 u 0.10 u 

0.40 u 0.80 u 0.40 u 

0.84 J l.40 u 0.70 u 

0.67 u 0.67 u 0.67 u 

3.00 u 3.00 u 3.00 u 

0.39 J 0.60 u 0.30 u 
0.50 u 0.50 u 0.50 u 

407.06 59.58 2.00 u 

90.00 u 180.00 u 90.00 u 

0.10 u 0.20 u 0.10 u 

0.30 u 0.30 u 0.30 u 

166.67 u 166.67 u 166.67 u 

192.00 u 192.00 u 192.00 u 

1.60 u 3.20 u 1.60 u 
573.33 u 573.33 u 1146.6 u 

0.27 u 0.27 u 0.27 u 
0.50 u 1.00 u 0.50 u 

8.00 u 8.00 u 8.00 u 
60.00 u 120.00 u 60.00 u 
56.00 u 112.00 u 56.00 u 

1.43 J 0.60 u 0.30 u 
250.00 u 500.00 u 250.00 u 
100.00 u 200.00 u 100.00 u 

1.21 J 0.41 J 0.20 u 



Drum# Site 

066875 RFETS 
066948 RFETS 

066949 RFETS 

066953 RFETS 
066958 RFETS 

067009 RFETS 
067012 RFETS 
067047 RFETS 
067251 RFETS 
067263 RFETS 
067277 RFETS 
067278 RFETS 
067312 RFETS 
0673t7 RFETS 
067390 RFETS 
067391 RFETS 
067413 RFETS 
067434 RFETS 
067436 RFETS 
067441 RFETS 
067448 RFETS 
067455 RFETS 
067464 RFETS 
067524 RFETS 
067532 RFETS 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Heterogeneous 

Filter 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

Methyl 
TruCon JDC lsobutyl 

Tetra 
cbloro 
etbene 

Chloro Ethyl 
Code Code ketone Toluene benzene benzene 

116 832 l.10 u 5.76 0.10 u 0.10 u 0.10 u 

116 831 66.00 u 13.34 1 6.00 u 6.00 u 6.00 u 

116 831 6.60 u 13.62 0.60 u 0.60 u 0.60 u 

117 480 11.20 u 2.96 1 1.60 u 3.20 u 1.60 u 

116 831 3.30 u 22.22 0.30 u 0.30 u 0.30 u 

112 801 3740.00 u 739.16 1 340.00 u 340.00 u 340.00 u 

112 801 9900.00 u 1799.l 1 900.00 u 900.00 u 900.00 u 

111 807 2.20 u 5.32 0.20 u 0.20 u 0.20 u 

117 480 8400.00 u 1494. 7 1 1200.0 u 2400.0 u 1200.0 u 

116 831 99.00 u 9.45 1 9.00 u 9.00 u 9.00 u 

116 831 154.00 u 14.00 u 14.00 u 14.00 u 14.00 u 

116 831 1.10 u 1.31 0.10 u 0.10 u 0.10 u 

116 825 2.20 u 11.14 0.20 u 0.20 u 0.20 u 

117 480 1.87 u 20.00 0.27 u 0.53 u 0.27 u 

112 801 1430.00 u 130.00 u 130.00 u 130.00 u 130.00 u 

ll6 833 1.60 u 26.96 0.27 u 0.53 u 0.27 u 

ll2 801 8250.00 u 1799.2 1 750.00 u 750.00 u 750.00 u 

111 800 2.80 u 14.94 0.40 u 0.80 u 0.40 u 

ll 1 800 0.93 u 10.37 0.13 u 0.27 u 0.13 u 

111 800 2.80 u 7.70 0.40 u 0.80 u 0.40 u 

116 852 l.10 u 4.38 0.10 u 0.10 u 0.10 u 

119 490 4.40 u 2.77 1 0.40 u 0.40 u 0.40 u 

116 831 2640.00 u 240.00 u 240.00 u 240.00 u 240.00 u 

116 832 204.52 u 18.59 u 18.59 u 18.59 u 18.59 u 

123 339 69.30 u 6.30 u 6.30 u 6.30 u 6.30 u 

'123 

m,p-Xylene o-Xylene Bromoform 

0.10 u 0.20 u 0.10 u 

6.00 u 12.00 u 6.00 u 

0.60 u 1.20 u 0.60 u 

1.60 u 1.60 u 1.60 u 

0.30 u 0.60 u 0.30 u 

340.00 u 680.00 u 340.00 u 

900.00 u 1800.0 u 900.00 u 

0.20 u 0.40 u 0.20 u 

1200.0 u 1200.0 u 1200.0 u 

9.00 u 18.00 u 9.00 u 

14.00 u 28.00 u 14.00 u 

0.10 u 0.20 u 0.10 u 

0.20 u 0.40 u 0.20 u 

0.27 u 0.27 u 0.27 u 

130.00 u 260.00 u 130.00 u 

0.27 u 0.27 u 0.27 u 

750.00 u 1500.0 u 750.00 u 

o.40 u 0.40 u 0.40 u 

0.28 1 0.13 u 0.13 u 

0.40 u 0.40 u 0.40 u 
0.10 u 0.20 u 0.10 u 

0.40 u 0.80 u 0.40 u 
240.00 u 480.00 u 240.00 u 

18.59 u 37.19 u 18.59 u 

6.30 u 12.60 u 6.30 u 



Drum# Site 

067535 RFETS 

067539 RFETS 

067541 RFETS 
067545 RFETS 
067567 RFETS 
067582 RFETS 
067603 RFETS 
067654 RFETS 
067657 RFETS 

067678 RFETS 
067698 RFETS 
067707 RFETS 

067734 RFETS 
067735 RFETS 
067759 RFETS 
067764 RFETS 
067766 RFETS 
067781 RFETS 
067908 RFETS 
067929 RFETS 
067989 RFETS 
067994 RFETS 
068044 RFETS 
068096 RFETS 
068247 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon JDC lsobutyl 
Code Code ketone 

116 831 1.40 u 
112 801 3520.00 u 

116 825 1.10 u 
112 801 990.00 u 

116 831 3.30 u 

116 831 12.39 J 

117 480 143.00 u 

111 800 1.87 u 

111 800 1.87 u 

116 825 4.73 u 

116 831 9.60 u 
116 831 3.00 u 

116 831 1210.00 u 

117 480 19.80 u 
116 831 30.80 u 
116 831 12.00 u 
116 831 9.00 u 
116 831 3.30 u 

116 832 l.10 u 
116 832 0.60 u 

116 831 5.50 u 

116 831 16.00 u 

116 825 5.50 u 
116 821 2.20 u 
Ill 800 0.93 u 

Toluene 

19.28 

629.76 J 

7.66 

90.00 u 
32.27 

28.03 

29.89 J 

14.87 

20.04 

33.45 

138.80 

7.89 

110.00 u 

18.17 

86.98 

142.10 

60.77 

24.04 

7.25 

0.88 J 

4.42 J 

2.67 u 

25.12 

9.29 

7.90 

C2- 124 

Tetra 
chloro 
ethene 

0.20 u 
320.00 u 

0.10 u 

90.00 u 
0.30 u 

0.40 u 
13.00 u 
0.27 u 

0.27 u 
0.43 u 
1.60 u 

0.50 u 

110.00 u 

1.80 u 
2.80 u 
2.00 u 
l.50 u 
0.30 u 
0.10 u 
0.10 u 

0.50 u 
2.67 u 
0.50 u 
0.20 u 
0.13 u 

Chloro 
benzene 

0.40 u 
320.00 u 

0.10 u 

90.00 u 
0.30 u 

0.40 u 
13.00 u 
0.53 u 

0.53 u 

0.43 u 

3.20 u 

1.00 u 
110.00 u 

1.80 u 

2.80 u 

4.00 u 

3.00 u 

0.30 u 
0.10 u 

0.20 u 

0.50 u 
5.33 u 
0.50 u 

0.20 u 

0.27 u 

Ethyl 
benzene 

0.20 u 

320.00 u 

0.10 u 

90.00 u 
0.30 u 
0.40 u 

13.00 u 

0.27 u 

0.27 u 

0.43 u 

l.60 u 
0.50 u 

110.00 u 
l.80 u 
2.80 u 

2.00 u 
1.50 u 

0.30 u 

0.10 u 
0.10 u 

0.50 u 
2.67 u 
0.50 u 
0.20 u 

0.13 u 

m,p-Xylene o-Xylene 

0.20 u 0.20 u 
320.00 u 640.00 u 

0.10 u 0.20 u 

90.00 u 180.00 u 
0.30 u 0.60 u 
0.40 u 0.80 u 

13.00 u 26.00 u 

0.27 u 0.27 u 

0.27 u 0.27 u 
0.43 u 0.86 u 

4.53 J l.60 u 
0.50 u 0.50 u 

110.00 u 220.00 u 
1.80 u 3.60 u 

2.86 J 5.60 u 

3.15 J 2.00 u 

l.50 u l.50 u 
0.30 u 0.60 u 
0.10 u 0.20 u 

0.10 u 0.10 u 
0.50 u 1.00 u 

2.67 u 2.67 u 

0.50 u 1.00 u 

0.20 u 0.40 u 

0.13 u 0.13 u 

Bromoform 

0.20 u 
320.00 u 

0.10 u 

90.00 u 
0.30 u 
0.40 u 

13.00 u 

0.27 u 
0.27 u 

0.43 u 

l.60 u 
0.50 u 

110.00 u 

l.80 u 
2.80 u 
2.00 u 

1.50 u 

0.30 u 
0.10 u 
0.10 u 
0.50 u 

2.67 u 

0.50 u 

0.20 u 

0.13 u 



Drum# Site 

068248 RFETS 
068250 RFETS 
068254 RFETS 

068256 RFETS 

068276 RFETS 
068277 RFETS 
068377 RFETS 
068460 RFETS 
068480 RFETS 
068486 RFETS 
068514 RFETS 
068538 RFETS 
068600 RFETS 
068601 RFETS 

068702 RFETS 
068724 RFETS 
068756 RFETS 
068885 RFETS 
068896 RFETS 
068975 RFETS 
068999 RFETS 
069091 RFETS 
069095 RFETS 
069113 RFETS 
069250 RFETS 

Waste Matrix 
Code Group 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Solidified Organics 

Uncategorized Metal 

Lead/Cadmiwn Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

112 801 1650.00 u 

112 801 1870.00 u 

111 800 1.87 u 

Ill 800 2.80 u 

116 852 1.10 u 

117 480 5.50 u 

117 480 l.40 u 

116 832 0.60 u 

Ill 800 0.89 J 

112 801 1540.00 u 

117 480 1.10 u 

123 339 0.70 u 

116 825 198.00 u 

116 825 77.00 u 

116 833 1.10 u 

116 831 1980.00 u 

116 831 1.40 u 

116 831 440.00 u 

116 831 2343.00 u 

112 801 5940.00 u 

116 821 4.40 u 

116 825 5.50 u 

116 833 5.94 u 

116 831 528.00 u 

116 833 1.10 u 

Toluene 

150.00 u 

170.00 u 

8.28 

11.30 

1.80 

27.39 

2.52 

0.13 J 

3.64 

140.00 u 

7.36 

2.10 

18.00 u 

13.12 J 

4.93 

180.00 u 

17.92 

40.00 u 

213.00 u 

540.00 u 

26.90 

30.60 

38.57 

48.00 u 

7.05 

125 

Tetra 
chloro 
ethene 

150.00 u 

170.00 u 

0.27 u 

0.40 u 

0.10 u 

0.50 u 

0.20 u 

0.10 u 

0.10 u 

140.00 u 

0.10 u 

0.10 u 

18.00 u 

7.00 u 

0.10 u 

180.00 u 

0.20 u 

40.00 u 

213.00 u 

540.00 u 

0.40 u 

0.50 u 

0.54 u 

48.00 u 

0.10 u 

Chloro 
benzene 

150.00 u 

170.00 u 

0.53 u 

0.80 u 

0.10 u 

0.50 u 

0.40 u 

0.20 u 

0.20 u 

140.00 u 

0.10 u 

0.20 u 

18.00 u 

7.00 u 

0.10 u 

180.00 u 

0.40 u 

40.00 u 

213.00 u 

540.00 u 

0.40 u 

0.50 u 

0.54 u 

48.00 u 

0.10 u 

Ethyl 
benzene 

150.00 u 

170.00 u 

0.27 u 

0.40 u 

0.10 u 

0.50 u 

0.20 u 

0.10 u 

0.10 u 

140.00 u 

0.10 u 

0.10 u 

18.00 u 

7.00 u 

0.10 u 

180.00 u 

0.20 u 

40.00 u 

213.00 u 

540.00 u 

0.40 u 

0.50 u 
0.54 lJ 

48.00 u 

0.10 u 

m,p-Xylene o-Xylene Bromoform 

150.00 u 300.00 u 150.00 u 

170.00 u 340.00 u 170.00 u 

0.27 u 0.27 u 0.27 u 

0.40 u 0.40 u 0.40 u 

0.10 u 0.20 u 0.10 u 

0.50 u 1.00 u 0.50 u 

0.20 u 0.20 u 0.20 u 

0.10 u 0.10 u 0.10 u 

0.10 u 0.10 u 0.10 u 

140.00 u 280.00 u 140.00 u 

0.10 u 0.20 u 0.10 u 

0.25 J 0.24 J 0.10 u 

18.00 u 36.00 u 18.00 u 

7.00 u 14.00 u 7.00 u 

0.10 u 0.20 u 0.10 u 

180.00 u 360.00 u 180.00 u 

0.20 u 0.20 u 0.20 u 

40.00 u 80.00 u 40.00 u 

213.00 u 426.00 u 213.00 u 

540.00 u 1080.0 u 540.00 u 
0.40 u 0.80 u 0.40 u 
0.50 u l.00 u 0.50 u 

0.54 u l.08 u 0.54 u 

48.00 u 96.00 u 48.00 u 

0.10 u 0.20 u 0.10 u 



Drum# Site 

069287 RFETS 
069306 RFETS 

069312 RFETS 

069364 RFETS 

069400 RFETS 

069406 RFETS 

069413 RFETS 
069418 RFETS 

069431 RFETS 

069518 RFETS 
069602 RFETS 
069759 RFETS 
069855 RFETS 
069877 RFETS 
069883 RFETS 
069975 RFETS 
070063 RFETS 

070077 RFETS 

070229 RFETS 
070353 RFETS 
070370 RFETS 
070379 RFETS 
070383 RFETS 
070446 RFETS 
070448 RFETS 

Waste Matrix 
Code Group . 

Heterogeneous 

Solidified Organics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

116 821 1518.00 u 
112 801 2750.00 u 
111 800 2.80 u 
116 833 3.30 u 
116 831 407.00 u 
116 831 550.00 U 

116 831 6.60 u 
116 831 807.40 u 
116 831 320.00 u 
116 833 2.20 u 
116 821 11.00 u 
116 833 3.30 u 
116 833 2.20 u 
116 825 5.50 u 
116 825 3.30 u 

116 821 7.70 u 

116 821 5.61 u 

116 831 660.00 u 
116 831 2.20 u 
116 833 2.20 u 
116 821 3.30 u 
116 833 1.10 u 
116 833 2.20 u 

117 480 7.00 u 
116 831 1650.00 u 

Toluene 

138.00 u 
250.00 u 

14.58 

11. 79 

37.00 u 
50.00 u 

6.00 

73.40 u 
53.33 u 
11.12 

68.03 

16.46 

8.80 

17.53 

10.62 

44.47 

34.81 

60.00 u 
19.11 

19.69 

13.37 

10.35 

11.65 

37.41 

150.00 u 

C2· 126 

Tetra 
chloro 
etbene 

138.00 u 
250.00 u 

0.40 u 
0.30 u 

37.00 u 
50.00 u 

0.60 u 
73.40 u 
53.33 u 
0.20 u 
1.00 u 
0.30 u 
0.20 u 
0.50 u 
0.30 u 
0.70 u 
0.51 u 

60.00 u 
0.20 u 
0.20 u 
0.30 u 
0.10 u 
0.20 u 
l.00 u 

150.00 u 

Cbloro 
benzene 

138.00 u 

250.00 u 
0.80 u 

0.30 u 
37.00 u 

50.00 U 

0.60 u 
73.40 u 

106.67 u 
0.20 u 

1.00 u 
0.30 u 
0.20 u 
0.50 u 
0.30 u 

0.70 u 

0.51 u 
60.00 u 

0.20 u 
0.20 u 
0.30 u 
0.10 u 
0.20 u 
2.00 u 

150.00 u 

Ethyl 
benzene 

138.00 u 
250.00 u 

0.40 u 
0.30 u 

37.00 u 

50.00 u 
0.60 u 

73.40 u 
53.33 u 

0.20 u 
1.00 u 
0.30 u 
0.32 J 

0.71 J 

0.30 u 
0.70 u 

0.56 J 

60.00 u 

0.20 u 
0.20 u 
0.30 u 
0.10 u 
0.20 u 
l.00 u 

150.00 u 

m,p-Xylene o-Xylene Bromoform -

138.00 u 276.00 u 138.00 u 
250.00 u 500.00 u 250.00 u 

0.40 u 0.40 u 0.40 u 

0.30 u 0.60 u 0.30 u 

37.00 u 74.00 u 37.00 u 

50.00 u 100.00 u 50.00 U 

0.60 u 1.20 u 0.60 u 

73.40 u 146.80 u 73.40 u 

53.33 u 53.33 u 53.33 u 
0.74 J 0.47 J 0.20 u 

1.00 u 2.00 u 1.00 u 
0.30 u 0.60 u 0.30 u 

1.19 J 0.40 u 0.20 u 
2.53 J 1.00 u 0.50 u 

0.30 u 0.60 u 0.30 u 

0.70 u 1.40 u 0.70 u 

1.92 J 1.02 u 0.51 u 
60.00 u 120.00 u 60.00 u 

0.20 u 0.40 u 0.20 u 

0.20 u 0.40 u 0.20 u 
0.72 J 0.60 u 0.30 u 
0.10 J 0.20 u 0.10 u 
0.20 u 0.40 u 0.20 u 
7.19 J l.61 J l.00 u 

150.00 u 300.00 u 150.00 u 



Drum# Site 

070455 RFETS 
070543 RFETS 
070661 RFETS 
070669 RFETS 
070675 RFETS 

070682 RFETS 
070696 RFETS 
070734 RFETS 
070780 RFETS 
070856 RFETS 
070882 RFETS 
070937 RFETS 
071019 RFETS 
071020 RFETS 
071022 RFETS 
071241 RFETS 
071351 RFETS 
071354 RFETS 
071385 RFETS 
071494 RFETS 
071504 RFETS 

071514 RFETS 
071521 RFETS 
071638 RFETS 
071804 RFETS 

Waste Matrix 
Code Croup -

Heterogeneous 

Solidified Organics 

Filter 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Table Cl-4 
WIPP WASTE COARACTERIZA TION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

Methyl 
TruCon JDC lsobutyl 

Tetra 
chloro 
ethene 

Chloro Ethyl 
Code Code ketone Toluene benzene benzene 

116 831 7.70 u 50.51 0.70 u 0.70 u 0.70 u 

112 801 9108.00 u 828.00 u 828.00 u 828.00 u 828.00 u 

0 331 3.60 u 13.50 0.60 u l.20 u 0.60 u 

117 480 l.10 u 11.84 0.10 u 0.10 u 0.10 u 

112 801 2.15 J 1.88 0.60 J 0.10 u 0.11 J 

116 831 495.00 u 45.00 u 45.00 u 45.00 u 45.00 u 

116 821 6.60 u 35.16 0.60 u 0.60 u 0.60 u 

116 833 0.60 u 7.19 0.10 u 0.20 u 0.10 u 

116 832 0.60 u 6.00 0.10 u 0.20 u 0.10 u 

116 833 l.10 u 5.02 0.10 u 0.10 u 0.13 J 

116 831 154.00 u 24.14 J 14.00 u 14.00 u 14.00 u 

0 331 3.00 u 15.32 0.50 u 1.00 u 0.50 u 

112 801 14.30 u 4.06 J 2.38 J 1.30 u 1.30 u 

112 801 13822.9 J 911.50 u 911.50 u 911.50 u 911.50 u 

112 801 7200.00 u 1200.0 u 1200.0 u 2400.0 u 2551.2 J 

116 833 0.60 u 5.29 0.10 u 0.20 u 0.10 u 

117 480 0.70 u l.19 0.10 u 0.20 u 0.10 u 

117 480 0.70 u 1.63 0.10 u 0.20 u 0.10 u 

116 833 3.30 u 23.02 0.30 u 0.30 u 0.30 u 

112 801 2.31 J 2.17 J 0.10 u 0.10 u 0.10 u 

112 801 2.20 u 2.55 0.54 J 0.20 u 0.20 u 

116 833 2.20 u 14.12 0.20 u 0.20 u 0.20 u 

116 825 2.20 u 9.03 0.20 u 0.20 u 0.20 u 

117 480 7.00 u 10.80 1.00 u 2.00 u 1.00 u 

116 832 0.70 u 1.48 0.10 u 0.20 u 0.10 u 

427 

m,p-Xylene o-Xylene Bromoform 

0.70 u 1.40 u 0.70 u 

828.00 u 1656.0 u 828.00 u 

0.60 u 0.60 u 0.60 u 

0.10 u 0.20 u 0.10 u 

0.29 J 0.20 u 0.10 u 

45.00 u 90.00 u 45.00 u 

0.60 u 1.20 u 0.60 u 

0.10 u 0.10 u 0.10 u 

0.14 J 0.10 u 0.10 u 

0.42 J 0.20 u 0.10 u 

14.00 u 28.00 u 14.00 u 

1.11 J 0.92 J 0.50 u 

1.30 u 2.60 u 1.30 u 

911.50 u 1823.0 u 911.50 u 

8626.8 J 2212.8 J 1200.0 u 

0.10 u 0.10 u 0.10 u 

0.10 u 0.10 u 0.10 u 

0.10 u 0.10 u 0.10 u 

0.30 u 0.60 u 0.30 u 

0.26 J 0.20 u 0.10 u 

0.20 u 0.40 u 0.20 u 

0.20 u 0.40 u 0.20 u 

0.20 u 0.40 u 0.20 u 

1.00 u 1.00 u 1.00 u 

0.10 u 0.10 u 0.10 u 



Drum# Site 

071829 RFETS 

071838 RFETS 
071921 RFETS 
071932 RFETS 

071933 RFETS 
071934 RFETS 

071936 RFETS 
071937 RFETS 

071938 RFETS 

071940 RFETS 
071941 RFETS 
072010 RFETS 
072079 RFETS 

072127 RFETS 
072128 RFETS 
072131 RFETS 

072132 RFETS 

072133 RFETS 
072136 RFETS 
072139 RFETS 
072178 RFETS 
072186 RFETS 
072195 RFETS 
072255 RFETS 
072267 RFETS 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Table Cl-4 
WIJ>P WASTE CHARACTERIZATION DATA 

Gas Chromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon JDC lsobutyl 
Code Code ketone 

116 852 2420.00 u 

116 831 83.60 u 

ll6 833 0.70 u 

112 801 48047.5 u 

112 801 0.60 u 

112 801 1.48 J 

ll6 833 238.34 u 

116 833 200.00 u 

116 833 19.80 u 

ll2 801 11000.0 u 

ll2 801 11000.0 u 

ll6 832 2.10 u 

ll7 480 71.50 u 

ll2 801 4.40 u 

ll2 801 3446.04 J 

ll6 833 1.60 u 

ll2 801 538.32 J 

ll2 801 2.20 u 

ll2 801 231.00 u 

112 801 20.90 u 

ll6 821 3.30 u 

ll6 821 2.20 u 

116 833 1.10 u 

116 833 3.30 u 

111 800 0.70 u 

Toluene 

220.00 u 

11.96 J 

7.15 

4367.9 u 

2.01 

2.88 

21.67 u 

33.33 u 

1.80 u 

1000.0 u 

1000.0 u 

34.34 

43.37 J 

0.66 J 

6991.6 

0.75 J 

370.66 J 

1.34 J 

1395.5 

207.08 

8.16 

9.78 

12.27 

19.33 

3.23 

C2- 128 

Tetra 
chloro 
ethene 

220.00 u 

7.60 u 

0.10 u 

4367.9 u 

0.10 u 

0.10 u 

21.67 u 

33.33 u 

1.80 u 

1000.0 u 

1000.0 u 

0.30 u 

6.50 u 

0.40 u 

130.00 u 

0.48 J 

48.00 u 

0.20 u 

21.00 u 

1.90 u 

0.30 u 

0.20 u 

0.10 u 

0.30 u 

0.12 J 

Chloro 
benzene 

220.00 u 

7.60 u 

0.20 u 

4367.9 u 

0.20 u 

0.20 u 

21.67 u 

66.67 u 

1.80 u 

1000.0 u 

1000.0 u 

0.60 u 

6.50 u 

0.40 u 

130.00 u 

0.53 u 

96.00 u 

0.20 u 

21.00 u 

1.90 u 

0.30 u 

0.20 u 

0.10 u 
0.30 u 

0.20 u 

Ethyl 
benzene 

220.00 u 

7.60 u 

0.10 u 

4367.9 u 

0.10 u 

0.10 u 

21.67 u 

33.33 u 

1.80 u 

1000.0 u 

1000.0 u 

0.30 u 

6.50 u 

0.40 u 

130.00 u 

0.27 u 

48.00 u 

0.20 u 

21.00 u 

1.90 u 

0.37 J 

0.20 u 

0.10 u 

0.30 u 

0.94 J 

m,p-Xylene o-Xylene Bromoform 

220.00 u 440.00 u 220.00 u 

7.60 u 15.20 u 7.60 u 

0.10 u 0.10 u 0.10 u 

4367.9 u 8735.9 u 4367.9 u 

0.16 J 0.11 J 0.10 u 

0.17 J 0.10 u 0.10 u 

21.67 u 43.33 u 21.67 u 

33.33 u 33.33 u 33.33 u 

1.92 J 3.60 u 1.80 u 

1000.0 u 2000.0 u 1000.0 u 

1000.0 u 2000.0 u 1000.0 u 

0.30 u 0.30 u 0.30 u 

6.50 u 13.00 u 6.50 u 

0.40 u 0.80 u 0.40 u 

130.00 u 260.00 u 130.00 u 

0.27 u 0.27 u 0.27 u 

48.00 u 48.00 u 48.00 u 

0.20 u 0.40 u 0.20 u 

21.00 u 42.00 u 21.00 u 

1.90 u 3.80 u l.90 u 

1.67 J 0.60 u 0.30 u 

0.20 u 0.40 u 0.20 u 

0.10 u 0.20 u 0.10 u 
0.30 u 0.60 u 0.30 u 
3.28 0.61 J 0.10 u 



D # SI 

072293 RFETS 
072333 RFETS 
072339 RFETS 
072347 RFETS 
072375 RFETS 
072434 RFETS 
072436 RFETS 
072542 RFETS 
072545 RFETS 
072546 RFETS 
072566 RFETS 
072598 RFETS 
072618 RFETS 
072619 RFETS 
072623 RFETS 
072631 RFETS 
072632 RFETS 
072673 RFETS 
072819 RFETS 
072822 RFETS 
072831 RFETS 
072887 RFETS 
072923 RFETS 
072932 RFETS 
073054 RFETS 

Waste Matrix 
CodeG . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Jieterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chrornotography/Mass Spectrometry Results 
(all data in pprnv) 

TruCon JDC 
Code Cod 

116 833 

116 831 

116 821 

116 833 

116 831 

116 831 

117 480 

116 832 

Ill 800 

116 832 

112 801 

116 821 

116 833 

112 801 

112 801 

112 801 

112 801 

116 833 

116 833 

116 831 

117 480 

116 833 

116 833 

116 825 

0 336 

Methyl 
lsobutyl 
k1 

l.10 u 

3.30 u 

5.50 u 

l.10 u 

880.00 u 

2310.00 u 

3.50 J 

60.00 u 

0.70 u 

90.00 u 

8.80 u 

6.60 u 

l.10 u 
}.10 u 

3.00 u 

l.10 u 

l.10 u 

2.20 u 

4.40 u 

l.60 u 

28.00 u 

7.35 J 

8.67 J 

3.30 u 

680.00 u 

Toi 

10.66 

18.22 

37.30 

9.87 

80.00 u 

210.00 u 

17.20 

13.25 J 

5.28 

23.24 J 

5.58 I 

27.50 

2.48 

3.60 

5.45 

1.92 

4.04 

10.67 

35.51 

19.90 

22.59 J 

9.47 

33.51 

20.99 

113.33 u 

129 

Tetra 
chloro 

b 

0.10 u 

0.30 u 

0.50 u 

0.10 u 

80.00 u 

210.00 u 

0.30 u 

10.00 u 

0.10 u 

15.00 u 

7.46 J 

0.60 u 

0.10 u 

0.10 u 

0.50 u 

0.10 u 

0.10 u 

0.20 u 

0.40 u 

0.27 u 

4.00 u 

0.10 u 

0.40 u 

0.30 u 

113.33 u 

Chloro 
b 

0.10 u 

0.30 u 

0.50 u 

0.10 u 

80.00 u 

210.00 u 

0.60 u 

20.00 u 

0.20 u 

30.00 u 

0.80 u 

0.60 u 

0.10 u 

0.10 u 

l.00 u 

0.10 u 

0.10 u 

0.20 u 

0.40 u 

0.53 u 

8.00 u 

0.10 u 

0.40 u 

0.30 u 

226.67 u 

Ethyl 
b 

0.12 J 

0.30 u 

0.50 u 

0.10 u 

80.00 u 

210.00 u 

0.30 u 

10.00 u 

0.10 u 

15.00 u 

0.80 u 

0.60 u 

0.10 u 

0.10 u 

0.50 u 

0.10 u 

0.10 u 

0.20 u 

0.40 u 

0.27 u 

4.00 u 

0.41 J 

0.40 u 

0.30 u 

ll3.33 u 

Xvi< -
0.39 J 

0.46 J 

0.50 u 

0.11 J 

80.00 u 

210.00 u 

0.30 u 

10.00 u 

0.64 J 

15.00 u 

0.80 u 

0.60 u 

0.10 u 

0.10 u 

0.50 u 

0.10 u 

0.10 u 

0.20 u 

o.40 u 

0.27 u 

4.00 u 

1.53 

0.40 u 

0.30 u 

ll3.33 u 

x B -
0.20 u 0.10 u 

0.60 u 0.30 u 

1.00 u 0.50 u 

0.20 u 0.10 u 

160.00 u 80.00 u 

420.00 u 210.00 u 

0.30 u 0.30 u 

10.00 u 10.00 u 

0.13 I 0.10 u 

15.00 u 15.00 u 

1.60 u 0.80 u 

l.20 u 0.60 u 

0.20 u 0.10 u 

0.20 u 0.10 u 

0.50 u 0.50 u 

0.20 u 0.10 u 

0.20 u 0.10 u 

0.40 u 0.20 u 

0.80 u 0.40 u 

0.27 u 0.27 u 

4.00 u 4.00 u 

0.40 J 0.10 u 
0.80 u 0.40 u 
0.60 u 0.30 u 

113.33 u 113.33 u 



Drum# Site 

073074 RFETS 

073117 RFETS 

073123 RFETS 

073134 RFETS 
073136 RFETS 

073274 RFETS 
073285 RFETS 
073293 RFETS 

073295 RFETS 

073296 RFETS 

073301 RFETS 

073605 RFETS 

073632 RFETS 

073667 RFETS 

073672 RFETS 

073745 RFETS 
073828 RFETS 
073848 RFETS 
073987 RFETS 

074007 RFETS 
074110 RFETS 

074147 RFETS 
074156 RFETS 
074374 RFETS 
074683 RFETS 

Waste Matrix 
Code Group -

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Lead/Cadmium Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TrnCon JDC 
Methyl 
lsobutyl 

Code Code ketone 

116 833 2.20 u 

117 480 2.80 u 

116 831 1386.00 u 

116 831 432.00 u 

111 807 0.70 u 

116 831 550.00 u 

112 801 l.10 u 

112 801 l.10 u 

112 801 l.10 u 

112 801 l.10 u 

112 801 2.20 u 

123 339 0.70 u 

116 825 7.70 u 

112 801 l.10 u 

112 801 1.10 u 

116 832 0.70 u 

116 833 1.10 u 

116 821 1.46 u 

123 339 2.10 u 

117 480 2.10 u 

116 833 l.10 u 

112 801 8.80 u 

112 801 6.60 u 

116 833 0.60 u 

116 821 16.50 u 

Toluene 

0.20 u 

15.05 

126.00 u 

72.00 u 

3.39 

50.00 u 

4.71 

3.03 

2.65 

2.37 

9.08 

3.87 

5.16 J 

2.22 

3.07 

9.49 

9.45 

6.01 

3.09 

19.46 

3.36 

3.80 J 

4.30 J 

14.03 

106.54 

C2- 130 

Tetra 
chloro 
ethene 

020 u 

0.40 u 

126.00 u 

72.00 u 

0.10 u 

50.00 u 

0.34 J 

0.38 J 

0.10 u 

0.10 u 

0.50 J 

0.10 u 

0.70 u 

0.10 u 

0.31 J 

0.10 u 

0.10 u 

0.13 u 

0.30 u 

0.30 u 

0.10 u 

0.80 u 

0.60 u 

0.10 u 
1.50 u 

Chloro 
benzene 

0.20 u 

0.80 u 

126.00 u 

144.00 u 

0.20 u 

50.00 u 

0.10 u 

0.10 u 

0.10 u 

0.10 u 

0.20 u 

0.20 u 

0.70 u 

0.10 u 

0.10 u 

0.20 u 

0.10 u 

0.13 u 

0.60 u 

0.60 u 

0.10 u 

0.80 u 

0.60 u 

0.20 u 

1.50 u 

Ethyl 
benzene 

0.20 u 

0.40 u 

126.00 u 

72.00 u 

0.10 u 

50.00 u 

0.10 u 

0.10 u 

0.10 u 

0.10 u 

0.20 u 

0.10 u 

0.70 u 

0.10 u 

0.10 u 

0.40 J 

0.10 u 

0.13 u 

0.30 u 

0.30 u 

0.24 J 

0.80 u 

0.60 u 

0.10 u 

1.50 u 

m,p-Xyleoe o-Xylene Bromoform 

0.20 u 0.40 u 0.20 u 

0.40 u 0.40 u 0.40 u 

126.00 u 252.00 u 126.00 u 

72.00 u 72.00 u 72.00 u 

0.49 J 0.12 J 0.10 u 

50.00 u 100.00 u S0.00 U 

0.12 J 0.20 u 0.10 u 

0.14 J 0.20 u 0.10 u 

0.10 u 0.20 u 0.10 u 

0.10 u 0.20 u 0.10 u 

0.30 J 0.40 u 0.20 u 

0.10 u 0.10 u 0.10 u 

1.49 J l.40 u 0.70 u 

0.10 u 0.20 u 0.10 u 

0.16 J 0.20 u 0.10 u 

1.13 0.36 J 0.10 u 

0.10 u 0.20 u 0.10 u 

0.13 u 0.27 u 0.13 u 

0.30 u 0.30 u 0.30 u 

0.30 u 0.30 u 0.30 u 

0.18 J 0.20 u 0.10 u 

0.80 u l.60 u 0.80 u 

0.60 u 1.20 u 0.60 u 

0.77 J 0.21 J 0.10 u 

1.50 u 3.00 u 1.50 u 



Drum# Site 

074904 RFETS 

074913 RFETS 

075039 RFETS 

075265 RFETS 

075267 RFETS 

075278 RFETS 

075399 RFETS 

075564 RFETS 

075868 RFETS 

075888 RFETS 

075926 RFETS 

075930 RFETS 

075947 RFETS 

075976 RFETS 

076044 RFETS 
076050 RFETS 

076054 RFETS 

076098 RFETS 
076135 RFETS 
076136 RFETS 
076138 RFETS 
076142 RFETS 

076143 RFETS 
076144 RFETS 

076146 RFETS 

Waste Matrix 
Code Group . 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon JDC lsobutyl 
Code Code ketone 

116 832 0.60 u 

116 832 3.30 u 
116 832 3.30 u 
116 833 13.20 u 

116 832 2.20 u 
116 832 3.30 u 

116 833 4.40 u 

116 825 1.46 u 
116 825 6.60 u 

116 833 1.10 u 

116 832 4.40 u 

116 832 600.00 u 
116 832 1.10 u 

116 833 0.80 u 
116 831 4.05 J 

116 832 1.10 u 

116 831 3.30 u 

116 832 1.40 u 

112 801 160.00 u 

111 803 2.40 u 

111 800 0.60 u 

111 800 1.44 u 

111 803 1.80 u 

111 800 4.00 u 

0 292 0.60 u 

Toluene 

4.59 

11.94 

1.74 J 

24.74 

18.50 

36.13 

16.33 

7.19 

23.45 

8.30 

27.16 

100.00 u 

8.86 

14.43 

25.07 

4.80 

20.75 

18.43 

26.67 u 

1.89 J 

1.21 

2.56 

2.12 J 

0.67 u 

3.33 

~31 

Tetra 
chloro 
ethene 

0.10 u 

0.30 u 
0.30 u 
1.20 u 

0.20 u 

0.30 u 

0.40 u 
0.13 u 

0.60 u 

0.10 u 

0.40 u 

100.00 u 

0.10 u 

0.13 u 

0.27 u 

0.10 u 

0.30 u 

0.20 u 

26.67 u 

0.41 J 

0.10 u 

0.24 u 

0.37 J 

0.67 u 

0.10 u 

Chloro 
benzene 

0.20 u 

0.30 u 
0.30 u 
1.20 u 

0.20 u 

0.30 u 

0.40 u 

0.13 u 

0.60 u 

0.10 u 

0.40 u 

200.00 u 

0.10 u 

0.27 u 

0.27 u 

0.10 u 

0.30 u 

0.40 u 

53.33 u 

0.80 u 

0.20 u 

0.48 u 

0.60 u 

1.33 u 

0.20 u 

Ethyl 
benzene 

0.10 u 

0.30 u 
2.22 J 

1.20 u 
0.23 J 

0.30 u 

0.40 u 

0.13 u 

0.60 u 

0.10 u 

0.40 u 

100.00 u 

0.10 u 
0.13 u 

0.27 u 
0.10 u 
0.30 u 
0.20 u 

26.67 u 

0.40 u 

0.10 u 

4.41 

0.30 J 

0.67 u 

0.10 u 

m,p-Xylene o-Xylene Bromoform 

0.19 J 0.20 J 0.10 u 
0.30 u 0.60 u 0.30 u 

19.98 12.03 0.30 u 
1.20 u 2.40 u 1.20 u 

0.47 J 0.40 u 0.20 u 

0.30 u 0.60 u 0.30 u 

0.40 u 0.80 u 0.40 u 

0.13 u 0.27 u 0.13 u 

0.60 u 1.20 u 0.60 u 

0.10 u 0.20 u 0.10 u 

0.40 u 0.80 u 0.40 u 

100.00 u 100.00 u 100.00 u 

0.10 u 0.20 u 0.10 u 

0.13 u 0.13 u 0.13 u 

0.27 u 0.53 u 0.27 u 
0.10 u 0.20 u 0.10 u 

0.30 u 0.60 u 0.30 u 
0.20 u 0.20 u 0.20 u 

26.67 u 26.67 u 26.67 u 

3.02 J 0.82 J 0.40 u 
0.10 u 0.10 u 0.10 u 

18.08 3.45 0.24 u 
2.25 J 0.63 J 0.30 u 
0.67 u 0.67 u 0.67 u 

0.22 J 0.10 u 0.10 u 



Drum# Site 

076!47 RFETS 

076182 RFETS 
076183 RFETS 
076185 RFETS 
076187 RFETS 
076189 RFETS 
076192 RFETS 
076194 RFETS 
076195 RFETS 
076196 RFETS 

076199 RFETS 
076200 RFETS 
076203 RFETS 
076205 RFETS 
076206 RFETS 
076217 RFETS 
076282 RFETS 

076283 RFETS 
076287 RFETS 
076293 RFETS 
076302 RFETS 
076303 RFETS 
076305 RFETS 
076306 RFETS 
076362 RFETS 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Heterogeneous 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl 

Code Code ketone 

111 803 1.10 u 

111 800 7.70 u 

111 800 0.80 u 

111 800 0.60 u 

111 803 3.00 u 

Ill 803 12.00 u 

111 803 0.60 u 

111 800 0.60 u 

112 801 5280.00 u 

112 801 1000.00 u 

111 800 0.60 u 

112 801 3800.00 u 

112 801 1340.00 J 

111 800 0.60 u 

111 803 2.40 u 

116 833 6.75 J 

111 800 68.00 u 

112 801 540.00 u 

111 800 32.00 u 

116 833 4.40 u 

111 800 18.00 u 

111 803 1.60 u 

111 800 72.00 u 

116 833 8.80 u 

116 833 40.00 u 

Toluene 

1.69 

71.38 

3.96 

0.33 J 

1.45 J 

2.00 u 

I.I I 

0.10 u 

480.00 u 

166.67 u 

1.31 

633.33 u 

223.33 u 

2.66 

1.09 J 

7.45 J 

11.33 u 

90.00 u 

5.33 u 

0.59 J 

34.11 

1.S6 J 

12.00 u 

1.84 J 

6.67 u 

C2- 132 

Tetra 
chloro 
ethene 

0.10 u 

0.70 u 

0.13 u 

0.10 u 

0.50 u 

2.00 u 

0.10 u 

0.10 u 

480.00 u 

166.67 u 

0.10 u 

633.33 u 

223.33 u 

0.10 u 

0.40 u 

1.00 u 

11.33 u 

90.00 u 

5.33 U 

0.40 u 

3.00 u 

0.30 J 

12.00 u 

0.80 u 

6.67 u 

Chloro 
benzene 

0.10 u 

0.70 u 

0.27 u 

0.20 u 

1.00 u 

4.00 u 

0.20 u 

0.20 u 

480.00 u 

333.33 u 

0.20 u 

1266.6 u 

446.67 u 

0.20 u 

0.80 u 

2.00 u 

22.67 u 

180.00 u 

10.67 u 

0.40 u 

6.00 u 

0.53 u 

24.00 u 

0.80 u 

13.33 u 

Ethyl 
benzene 

0.10 u 

9.54 

0.18 J 

0.10 u 

I. II J 

2.00 u 

0.10 u 

0.10 u 

480.00 u 

166.67 u 

0.10 u 

633.33 u 

223.33 u 

0.10 u 

0.40 u 

1.00 u 

11.33 u 

90.00 u 

5.33 u 

0.96 J 

101. 74 

0.27 u 

12.00 u 

2.86 J 

6.67 u 

m,p-Xylene o-Xylene Bromoform 

0.10 u 0.20 u 0.10 u 

38.35 7.49 0.70 u 

0.66 J 0.17 J 0.13 u 

0.10 u 0.10 u 0.10 u 

3.57 J 0.91 J 0.50 u 

2.00 u 2.00 u 2.00 u 

0.21 J 0.10 u 0.10 u 

0.10 u 0.10 u 0.10 u 

480.00 u 960.00 u 480.00 u 

166.67 u 166.67 u 166.67 u 

0.17 u 0.10 u 0.10 u 

633.33 u 633.33 u 633.33 u 

223.33 u 223.33 u 223.33 u 

0.43 J 0.10 u 0.10 u 

0.40 u 0.40 u 0.40 u 

1.00 u 1.00 u 1.00 u 
11.33 u 11.33 u 11.33 u 

90.00 u 90.00 u 90.00 u 

5.33 u 5.33 U 5.33 U 

2.65 J 0.80 u 0.40 u 

386.14 30.35 3.00 u 

0.27 u 0.27 u 0.27 u 
12.00 u 12.00 u 12.00 u 

8.72 1.60 u 0.80 u 

6.67 u 6.67 u 6.67 u 



Drum# Site 

076406 RFETS 
076437 RFETS 
076443 RFETS 
076452 RFETS 
076454 RFETS 
076456 RFETS 
076461 RFETS 
076463 RFETS 
076470 RFETS 
076587 RFETS 
076596 RFETS 
076627 RFETS 
076630 RFETS 
076635 RFETS 
076652 RFETS 
076677 RFETS 
076710 RFETS 
076712 RFETS 
076715 RFETS 
076811 RFETS 
076908 RFETS 
076911 RFETS 
077088 RFETS 
077227 RFETS 
077285 RFETS 

Waste Matrix 
Code Croup -

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

TruCon IDC 
Methyl 
lsobutyl Chloro Ethyl 

Code Code ketone Toluene 

Tetra 
chloro 
ethene benzene benzene 

116 831 l.10 u 4.58 0.10 u 0.10 u 0.10 u 

116 833 2.20 u 24.00 0.20 u 0.20 u 0.20 u 

116 825 3.30 u 5.66 0.30 u 0.30 u 0.30 u 

116 825 1.90 u 9.30 0.20 u 0.20 u 0.20 u 

116 825 l.10 u 5.19 0.10 u 0.10 u 0.10 u 

116 825 l.10 u 6.59 0.10 u 0.10 u 0.10 u 

116 825 3.30 u 12.50 0.30 u 0.30 u 0.30 u 

116 825 3.30 u 21.50 0.30 u 0.30 u 0.30 u 

111 803 0.60 u 3.29 0.10 u 0.20 u 0.10 u 

116 825 l.10 u 7.16 0.10 u 0.10 u 0.10 u 

116 825 l.10 u 14.57 0.10 u 0.10 u 0.10 u 

116 825 1.10 u 7.34 0.10 u 0.10 u 0.10 u 

116 825 l.10 u 8.52 0.10 u 0.10 u 0.19 J 

116 825 2.20 u 5.12 0.20 u 0.20 u 0.20 u 

116 833 0.60 u 8.81 0.10 u 0.20 u 0.10 u 

111 800 26.40 u 2.40 u 2.40 u 2.40 u 2.40 u 

116 833 22.00 u 9.15 J 2.00 u 2.00 u 2.00 u 

116 833 3.30 u 13.98 0.30 u 0.30 u 0.30 u 

l16 832 2.20 u 10.09 0.20 u 0.20 u 0.20 u 

l16 832 2.40 J 20.45 0.20 u 0.20 u 0.20 u 

ll6 833 1.10 u 3.36 0.10 u 0.10 u 0.10 u 

116 832 1.20 u 19.65 0.20 u 0.40 u 0.56 J 

l16 833 1.20 u 14.47 0.20 u 0.40 u 0.20 u 

116 833 2.40 u 32.95 0.40 u 0.80 u 0.40 u 

116 833 2.20 u 8.62 0.20 u 0.20 u 0.20 u 

:i33 

m,p-Xylene o-Xylene Bromoform 

0.15 J 0.20 u 0.10 u 

0.20 u 0.40 u 0.20 u 

0.30 u 0.60 u 0.30 u 

0.20 u 0.30 u 0.20 u 

0.10 u 0.20 u 0.10 u 

0.10 J 0.20 u 0.10 u 

0.30 u 0.60 u 0.30 u 

0.30 u 0.60 u 0.30 u 

0.23 J 0.10 u 0.10 u 

0.10 u 0.20 u 0.10 u 

0.10 J 0.20 u 0.10 u 

0.10 u 0.20 u 0.10 u 

0.71 J 0.20 u 0.10 u 

0.20 u 0.40 u 0.20 u 

0.10 u 0.10 u 0.10 u 

2.40 u 4.80 u 2.40 u 

2.00 u 4.00 u 2.00 u 

0.30 u 0.60 u 0.30 u 

0.20 u 0.40 u 0.20 u 

0.20 u 0.40 u 0.20 u 

0.10 u 0.20 u 0.10 u 

1.42 J 0.20 u 0.20 u 
0.20 u 0.20 u 0.20 u 

0.40 u 0.40 u 0.40 u 

0.20 u 0.40 u 0.20 u 



Drum# Site 

077621 RFETS 
080765 RFETS 
080772 RFETS 
080774 RFETS 
080776 RFETS 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Methyl 
TruCon IDC lsobutyl 
Code Code ketone 

0 336 1.87 u 

116 833 2.20 u 

116 833 11.00 u 

116 833 34.10 u 

116 832 1.34 J 

Toluene 

9.47 

10.02 

24.39 

3.10 u 

11.32 

Cl- 134 

Tetra 
chloro 
etbene 

0.27 u 

0.20 u 

1.00 u 

3.10 u 

0.10 u 

Cbloro 
benzene 

0.53 u 

0.20 u 

1.00 u 

3.10 u 

0.10 u 

Ethyl 
benzene 

0.27 u 

0.20 u 

1.00 u 

3.10 u 

0.10 u 

m,p-Xylene o-Xylene Bromoform 

0.27 u 0.27 u 0.27 u 

0.51 J 0.40 u 0.20 u 

1.00 u 2.00 u 1.00 u 

3.10 u 6.20 u 3.10 u 

0.10 u 0.20 u 0.10 u 



Drum# Site 

000365 RFETS 

000371 INEL 

000373 INEL 

000384 RFETS 

000393 INEL 

000401 RFETS 

000403 INEL 

000405 RFETS 

000436 INEL 

000442 INEL 

000446 IRFETS 

000478 IRFETS 

000501 INEL 

000558 INEL 

000567 IRFETS 

000568 IRFETS 

000593 INEL 

000613 INEL 

lo00630 INEL 

!000648 IRFETS 

I000675 IRFETS 

I000823 IRFETS 

000828 INEL 

001016 INEL 

001024 INEL 

001084 INEL 

001139 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Uncategorized Metal 

Graphite 

Graphite 

Uncategorized Metal 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Graphite 

Heterogeneous 

Inorganic Non-metal 

Solidified Organics 

Solidified lnorganics 

Graphite 

Solidified lnorganics 

Solidified Inorganics 

Inorganic Non-metal 

Solidified Inorganics 

Graphite 

Graphite 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

217 480 12.00 u 
215 300 O.QJ U 

215 300 0.02 u 
217 320 0.01 u 
217 480 0.03 u 
222 371 0.02 u 
218 440 0.03 u 
217 480 0.94 u 
212 3 43.00 u 
213 4 0.05 u 
211 I 0.01 u 
211 I 0.01 u 
215 300 0.02 u 
221 464 0.10 u 
222 371 l.70 u 
226 432 l.00 u 
211 7 0.02 u 
215 300 0.03 u 
213 4 0.07 u 
213 4 0.03 u 
218 440 0.16 u 
213 4 0.02 u 
215 300 0.02 u 
215 300 0.02 u 
215 300 0.02 u 
213 4 0.02 u 
211 7 0.16 u 

135 

1,3,5-Trl 
methyl 

benzene 

8.70 u 
0.01 u 
0.01 u 
0.01 u 
0.02 u 
0.01 u 
0.02 u 
0.66 u 

19.00 u 
0.02 u 
0.01 u 
O.QI U 

0.01 u 
O.Q7 U 

l.20 u 
0.73 u 
0.01 J 

0.02 u 
0.03 u 
0.02 u 
0.11 u 
0.02 u 
0.01 u 
0.01 u 
0.01 u 
0.01 u 
0.07 u 

1,2,4-Trl 
methyl 
benzene 

8.70U 

0.02U 

0.02U 

0.01 u 
0.02 u 
0.01 u 
0.02U 

0.87U 

27.00U 

0.03 u 
0.01 J 

0.01 J 

0.02U 

0.07 u 
1.60U 

0.73 u 
0.02 J 

0.02U 

0.04U 

0.03U 

0.15 u 
0.02U 

0.02U 

0.02 u 
0.02 u 
0.01 u 
O.IOU 



Drum# Site 

001157 INEL 

001161 INEL 

001258 RFETS 

001370 INEL 

001377 INEL 

001410 INEL 

001437 RFETS 

001475 RFETS 

001493 RFETS 

001619 INEL 

001625 INEL 

001633 INEL 

001655 INEL 

001662 INEL 

001663 RFETS 

001667 INEL 

001670 RFETS 

001677 INEL 

001678 RFETS 

001689 INEL 

001692 RFETS 

001695 INEL 

001697 INEL 

001751 RFETS 

001752 INEL 

001754 INEL 

001757 INEL 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

~ 

Combustible 

Graphite 

Solidified Inorganics 

Combustible 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Solidified Organics 

Graphite 

Salt Waste 

Heterogeneous 

Combustible 

Heterogeneous 

Solidified Organics 

Combustible 

Graphite 

Uncategorized Metal 

Graphite 

Uncategorized Metal 

Inorganic Non-metal 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

223 339 O.o3 U 0.02 u 
215 300 O.o3 U 0.02 u 
211 I 0.01 u 0.01 u 
223 339 0.14 u 0.08 u 
223 339 O.o3 U 0.02 u 
214 292 0.13 u 0.09 u 
211 7 0.01 u 0.06 u 
211 I 0.21 u 0.14 u 
211 I 0.01 u 0.01 u 
215 300 0.03 u 0.02 u 
215 300 0.02 u 0.01 u 
226 432 0.74 u 0.52 u 
223 339 2.00 u 1.40 u 
215 300 0.02 u 0.01 u 
226 432 0.45 u 0.31 u 
215 300 0.02 u 0.01 u 
224 411 0.04 u 0.03 u 
221 302 0.46 u 0.20 u 
223 339 0.10 u 0.07 u 
221 302 0.04 u 0.03 u 
226 432 0.27 u 0.19 u 
223 339 1.70 u 1.20 u 
215 300 0.02 u 0.01 u 
217 320 0.01 u 0.01 u 
215 300 0.02 u 0.01 u 
217 320 0.04 u O.o3 J 

222 371 0.03 u 0.02 u 

C2-136 

1,2,4-Trl 
methyl 
benzene 

0.02U 

0.02U 

0.01 u 
0.09U 

0.02 u 
0.09U 

0.01 J 

0.19U 

0.01 u 
0.02 u 
0.01 u 
0.52 u 
1.40 u 
0.01 JB 

0.31 u 
0.01 u 
0.04U 

0.29U 

O.IOU 

O.o3 U 

0.19 u 
1.20 u 
0.01 u 
0.02 JB 

0.01 u 
0.04J 

0.02 u 



Dram# Site 

001773 INEL 

001779 INEL 

001784 INEL 

001813 INEL 

001873 INEL 

001899 RFETS 

001900 INEL 

001919 lRFETS 

001937 lRFETS 

002013 lRFETS 

002046 INEL 

002065 INEL 

~02084 INEL 

002220 RFETS 

~02222 INEL 

002338 lRFETS 
002354 INEL 

~02363 ~NEL 

002365 INEL 

002542 INEL 

002678 IRFETS 

002791 INEL 

002797 RFETS 

002814 RFETS 

003017 INEL 

003088 INEL 

003091 RFETS 

Table Cl-4 
WIPP WASTE CBARACTERIZA TION DATA 

Gas Chromotography/Mass Spectrometry Results 
(aU data in ppmv) 

Waste Matrix 
Code Group 

Graphite 

Graphite 

Combustible 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

t,t,2,2-Tetra 
TraCon IDC chloro 

Code Code ethane 

215 300 0.02 u 
215 300 0.02 u 
223 339 O.oJ U 

213 4 5.70 u 
214 292 0.04 u 
211 3 140.00 u 
214 292 0.04 u 
217 320 0.01 u 
212 3 17.00 u 
212 3 12.00 u 
212 3 36.00 u 
214 292 0.11 u 
213 4 0.04 u 
217 481 0.03 u 
215 300 0.02 u 
222 371 0.84 u 
223 339 0.08 u 
222 371 0.03 u 
217 480 0.07 u 
212 3 7.70 u 
226 432 0.95 u 
222 371 0.05 u 
226 432 0.48 u 
211 7 0.22 u 
211 l 0.05 u 
222 371 0.03 u 
222 371 0.03 u 

~".-137 

1,3,5-Trl 
·methyl 
benzene 

0.01 u 
0.01 u 
0.02 u 
2.50 u 
0.03 u 

97.00 u 
0.03 u 
0.01 u 

12.00 u 
8.20 u 

'16.00 u 
0.08 u 
0.02 u 
0.02 u 
0.01 u 
0.58 u 
0.04 u 
0.02 u 
0.05 u 
3.40 u 
0.66 u 
0.04 u 
0.33 u 
0.15 u 
0.04 u 
0.02 u 
0.02 u 

1,2,4-Trl 
methyl 
benzene 

0.01 u 
0.01 u 
0.02U 

3.60U 

0.03 u 
130.00U 

0.03U 

0.01 u 
16.00 u 
11.00 u 
23.00U 

O.IOU 

0.02U 

O.oJ U 

0.01 u 
0.58U 

0.05U 

0.02U 

0.05U 

4.90U 

. 0.66U 

0.04U 

0.33 u 
0.20U 

0.05 u 
0.02U 

0.02U 



Drum# Site 

003111 INEL 
003121 RFETS 
003129 RFETS 
003130 IRFETS 
003173 IRFETS 
003181 RFETS 
003189 INEL 
003192 RFETS 
003215 RFETS 
003277 RFETS 
003394 RFETS 
003406 RFETS 
003455 RFETS 
003547 IRFETS 
003577 IRFETS 
003854 INEL 
003890 INEL 
003921 INEL 
003991 INEL 
003997 INEL 
004099 INEL 
004111 RFETS 
004112 INEL 
004123 INEL 
004125 INEL 
004150 INEL 
004160 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group -

Inorganic Non-metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified Inorganics 

Combustible 

Combustible 

Solidified Inorganics 

Salt Waste 

Graphite 

Combustible 

Uncategorized Metal 

Graphite 

Combustible 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

222 371 O.oJ U 0.02 u 
211 7 0.15 u 0.10 u 
211 7 0.02 u 0.02 u 
211 7 0.04 u 0.03 u 
211 7 0.02 u 0.01 u 
211 7 0.02 u 0.01 u 
212 3 79.00 u 35.00 u 
211 7 0.25 u 0.17 u 
211 7 0.02 u 0.01 u 
211 I 0.01 u 0.01 u 
2ll 7 0.03 u 0.02 u 
2ll 7 0.01 u 0.02 J 

2ll 3 270.00 u 190.00 u 
2ll 7 O.IO U 0.07 u 
211 I 0.01 u 0.01 u 
212 3 36.00 u 16.00 u 
l ll 7 0.03 u 0.02 u 
1 ll 7 0.04 u 0.02 u 
223 339 0.02 u 0.01 u 
223 339 0.05 u 0.03 u 
2ll 1 0.02 u 0.01 u 
224 411 0.03 u 0.02 u 
215 300 0.02 u 0.01 u 
223 339 0.02 u 0.01 u 
217 480 0.03 u 0.02 u 
215 300 0.02 u 0.01 u 
223 339 140.00 u 77.00 u 

C2-138 

1,2,4-Trl 
methyl 
benzene 

0.02U 

0.14 u 
0.02J 

0.04J 

0.02] 

0.01 u 
50.00U 

0.23 u 
0.03 J 

0.01 J 

0.03 u 
0.04 J 

250.00U 

0.09U 

0.01 u 
23.00 u 

0.03 u 
O.oJ U 

0.02U 

0.03 u 
0.01 u 
O.oJ U 

0.02 u 
0.02 u 
0.02 u 
0.01 u 

93.00 u 



Drum# Site 

004166 INEL 

004186 INEL 

004195 RFETS 

004196 lNEL 

004206 INEL 

004208 INEL 

004283 JNEL 

004326 INEL 

004393 INEL 

004410 INEL 

004495 lNEL 

004516 INEL 

004884 INEL 

004963 lNEL 

lo04968 IRFETS 

004981 IRFETS 

004988 IRFETS 

I005006 IRFETS 
005012 ltNEL 

005015 INEL 

005235 INEL 

005262 INEL 

005358 ~NEL 

005398 INEL 
005415 INEL 

005530 INEL 

005535 INEL 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Inorganic Non-metal 

Combustible 

Salt Waste 

Graphite 

Combustible 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Uncategorized Metal 

Uncategorized Metal 

Salt Waste 

Salt Waste 

Combustible 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Graphite 

Solidified Organics 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

222 371 0.03 u 
223 339 0.02 u 
224 411 0.01 u 
215 300 0.02 u 
223 339 0.02 u 
215 300 0.02 u 
211 1 0.02 u 
213 4 0.02 u 
211 1 0.02 u 
211 1 0.03 u 
213 4 0.02 u 
211 1 0.03 u 
213 4 0.03 u 
223 339 0.08 u 
217 320 0.58 u 
217 320 0.01 u 
224 411 O.oJ U 

224 411 O.oJ U 

223 339 0.02 u 
226 432 1.50 u 
226 432 O.QJ U 

212 3 220.00 u 
211 1 0.02 u 
211 1 0.03 u 
211 1 0.03 u 
215 303 0.02 u 
226 432 0.06 u 

139 

1,3,5-Trl 
methyl 
benzene 

0.02 u 
0.01 u 
0.01 u 
0.01 u 
O.ol U 

0.01 u 
0.01 u 
0.01 u 
0.01 u 
0.02 u 
0.01 u 
0.02 u 
0.01 u 
0.04 u 
0.41 u 
0.01 u 
0.02 u 
0.02 u 
0.01 u 
1.00 u 
0.02 u 

98.00 u 
0.01 u 
0.02 u 
0.02 u 
0.01 u 
0.04 u 

1,2,4-Trl 
methyl 
benzene 

0.02 u 
0.02U 

0.01 u 
0.02U 

0.01 u 
0.02U 

O.ol U 

0.01 u 
0.02U 

0.03 u 
0.01 u 
0.03 u 
0.02U 

0.05 u 
0.54U 

0.01 u 
0.03 u 
0.03 u 
0.01 u 
l.OOU 

0.02U 

140.00 u 
0.01 u 
O.QJ U 

0.03 u 
0.02 u 
0.04U 



Drum# Site 

005735 INEL 

005738 INEL 

006242 INEL 

006252 IRFETS 

006325 RFETS 

006669 INEL 

006773 llFETS 

006857 INEL 

006865 ~FETS 

006876 INEL 

006879 INEL 

006886 INEL 

007034 INEL 

!007146 INEL 

007170 INEL 

007231 INEL 

007511 INEL 

007518 INEL 

007667 INEL 

007920 INEL 

008203 INEL 

008207 INEL 

008218 INEL 

008269 INEL 

!008287 INEL 

008359 INEL 

008383 INEL 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Lead/Cadmium Metal Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Solidified Organics 

Filter 

Solidified Organics 

Solidified Organics 

Combustible 

Inorganic Non-metal 

Combustible 

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Filter 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Inorganic Non-metal 

Heterogeneous 

Lead/Cadmium Metal Waste 

1,1,2,2-Tetra 
TruCon IDC cbloro 

Code Code ethane 

211 1 0.03 u 
211 1 0.02 u 
222 371 O.Q3 U 

123 339 3.90 u 
213 4 O.oI U 

214 292 0.15 u 
213 4 0.11 u 
223 339 0.02 u 
226 432 0.08 u 
219 335 O.o2 U 

226 432 0.10 u 
226 432 0.33 u 
216 337 2.10 u 
222 371 1.70 u 
216 337 0.40 u 
219 338 0.18 u 
122 374 0.04 u 
122 374 0.06 u 
124 411 0.01 u 
121 302 0.24 u 
118 440 0.06 u 
116 336 O.o7 U 

116 330 0.07 u 
117 320 0.19 u 
122 374 0.03 u 
116 330 0.19 u 
123 339 5.20 u 

C2-140 

1,3,S-Trt 
methyl 
benzene 

0.02 u 
0.02 u 
0.02 u 
2.80 u 
0.01 J 

0.10 u 
0.08 u 
0.01 u 
0.06 u 
0.01 u 
O.o7 U 

0.23 u 
1.50 u 
1.20 u 
0.22 u 
0.10 u 
0.03 u 
0.04 u 
0.01 u 
0.17 u 
0.04 u 
0.05 u 
0.05 u 
0.14 u 
0.02 u 
0.14 u 
3.70 u 

1,2,4-Trl 
methyl 
benzene 

0.03 u 
0.02U 

0.02U 

3.70U 

0.04J 

0.14 u 
O.lOU 

0.02U 

0.07U 

0.02U 

0.07U 

0.23U 

l.50U 

1.20U 

0.26U 

0.12 u 
0.04 u 
0.06U 

0.01 u 
0.22U 

0.06U 

0.o7 u 
0.o7 u 
0.18 u 
O.oJ U 

0.18 u 
4.90U 



Drum# Site 

008848 INEL 

008859 INEL 

008860 INEL 

008864 INEL 

008872 INEL 

008874 IR.FETS 

008878 INEL 

loo8880 IRFETS 

009006 INEL 

009011 RFETS 

I00906l IRFETS 

I009180 INEL 

009225 INEL 

009252 INEL 

009296 INEL 

009299 INEL 

009399 INEL 

009422 IRFETS 

009423 INEL 

!009435 INEL 

!009449 INEL 

009471 INEL 

009475 INEL 

009489 INEL 

009587 INEL 

009591 lNEL 

009592 INEL 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified lnorganics 

Uncategorized Metal 

Uncategorized Metal 

Graphite 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Combustible 

Combustible 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Combustible 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

1,1,2.2-Tetn 
TruCon IDC chloro 

Code Code ethane 

218 440 0.60 JB 

218 440 0.45 u 
217 480 1.10 u 
217 480 0.10 u 
214 292 0.04 u 
217 480 35.00 u 
217 480 4.80 u 
115 312 1.40 u 
211 7 0.05 JB 

211 7 0.01 u 
218 440 0.10 u 
223 339 0.90 u 
217 481 0.03 u 
223 339 21.00 u 
223 339 3.00 u 
223 339 0.02 u 
218 440 0.39 u 
216 337 5.60 u 
216 337 1.80 u 
216 337 0.39 u 
218 440 0.04 u 
216 337 0.09 u 
218 442 0.72 u 
216 337 0.23 u 
117 320 0.01 u 
118 440 0.04 u 
118 440 0.o7 u 

~-141 

1,3,5-Trl 
methyl 
benzene 

0.28 JB 

0.31 u 
0.79 u 
0.07 u 
0.03 u 

24.00 u 
3.30 u 
0.95 u 
0.04 JB 

0.01 J 

0.07 u 
0.49 u 
0.02 u 

15.00 u 
2.10 u 
0.01 u 
0.27 u 
3.90 u 
0.78 u 
0.27 u 
0.03 u 
0.05 u 
0.31 u 
0.13 u 
0.01 u 
O.oJ U 

0.05 u 

1,2.4-Trl 
methyl 
benzene 

0.42JB 

0.31 u 
0.79U 

O.o7 U 

0.04U 

33.00U 

3.30U 

l.30U 

0.06JB 

0.02JB 

0.09U 

0.59U 

0.02U 

15.00U 

2.IOU 

0.02U 

0.27U 

5.20U 

l.lOU 

0.27U 

0.03 u 
0.06U 

0.45 u 
0.15 u 
0.01 u 
0.04U 

0.08 J 



Drum# Site 

!009596 INEL 

009599 INEL 

009602 INEL 

009694 INEL 

009735 INEL 

009773 INEL 

009787 RFETS 

009873 RFETS 

010216 INEL 

010224 INEL 

1010230 INEL 

!010273 INEL 

010295 INEL 

1010305 IRFETS 

010364 IRFETS 

010371 INEL 

010407 IRFETS 

010411 INEL 

010415 INEL 

l<ll0426 INEL 

010463 INEL 

010487 INEL 

010492 INEL 

010498 INEL 

010510 RFETS 

010546 RFETS 

010578 INEL 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Uncategorized Metal 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Graphite 

Combustible 

Solidified Organics 

Solidified lnorganics 

Filter 

Filter 

Heterogeneous 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Combustible 

Combustible 

Uncategorized Metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Salt Waste 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Organics 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

117 320 0.14 u 
118 440 0.03 u 
218 442 2.00 u 
215 300 0.02 u 
215 300 0.02 u 
223 339 5.40 u 
212 3 180.00 u 
2ll 1 0.05 u 
219 338 l.10 u 
219 338 0.34 u 
216 330 0.18 u 
216 337 0.16 u 
218 442 0.06 u 
218 442 0.70 u 
216 337 0.89 u 
216 337 0.40 u 
217 480 0.12 u 
216 337 2.00 u 
218 442 0.03 u 
218 442 0.02 u 
213 4 0.30 u 
224 414 0.54 u 
217 480 0.58 u 
217 480 0.05 u 
216 336 1.70 u 
216 330 47.00 u 
226 432 1.00 u 

C2-142 

1,3,5-Trl 
methyl 
benzene 

0.09 u 
0.02 u 
1.40 u 
0.02 J 

0.01 u 
2.40 u 

130.00 u 
0.03 u 
0.61 u 
0.18 u 
0.10 u 
0.09 u 
0.04 u 
0.49 u 
0.62 u 
0.25 u 
0.10 J 

1.40 u 
0.02 u 
0.01 u 
0.21 u 
0.38 u 
0.41 u 
0.02 u 
1.20 u 

32.00 u 
0.71 u 

1,2,4-Trl 
methyl 
benzene 

0.13 u 
0.03U 

1.40U 

0.03 J 

0.01 u 
3.40U 

170.00 u 
0.05 u 
0.74U 

0.22U 

0.15 J 

0.11 u 
0.04U 

0.65 u 
0.83 u 
0.28U 

0.l9J 

1.40 u 
0.02U 

0.01 u 
0.21 u 
0.38 u 
0.41 u 
0.03 u 
1.60 u 

43.00 u 
0.71 u 



Drum# Site 

010588 IRFETS 

010663 INEL 

010676 INEL 

010800 INEL 

010807 INEL 

010808 INEL 

010814 RFETS 

010837 INEL 

010848 INEL 

010883 INEL 

010921 INEL 

011004 INEL 

011021 INEL 

011042 INEL 

011044 INEL 

!011067 IRFETS 

011102 IRFETS 

Olll09 INEL 

Olll47 INEL 

011173 INEL 

011194 INEL 

011393 INEL 

011416 INEL 

011433 INEL 

011498 IRFETS 

011529 INEL 

011601 JNEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified Inorganics 

Combustible 

Heterogeneous 

Filter 

Combustible 

Combustible 

Solidified Inorganics 

Solidified Organics 

Filter 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified Organics 

Uncategorized Metal 

Heterogeneous 

1,1,2,2-Tetra 
TruCon JDC chloro 

Code Code ethane 

211 2 0.88 u 
216 337 0.58 u 
216 330 0.46 u 
219 338 0.16 u 
216 337 1.30 u 
216 337 0.38 u 
211 I 0.36 u 
226 432 0.45 u 
219 338 0.44 u 
226 432 1.20 u 
222 371 0.10 u 
217 480 0.03 u 
226 432 0.18 u 
218 442 0.62 u 
218 440 0.36 u 
213 4 1.20 u 
2ll l 0.28 u 
2ll l 0.21 u 
213 4 0.25 u 
217 480 0.06 u 
218 442 0.07 u 
217 480 0.15 u 
216 337 0.66 u 
216 330 0.58 u 
226 432 1.70 u 
217 480 O.oJ U 

216 336 1.40 u 

143 

1,3,5-Trl 
methyl 
benzene 

0.61 u 
0.32 u 
0.25 u 
0.09 u 
0.92 u 
0.16 u 
0.25 u 
0.31 u 
0.24 u 
0.81 u 
0.07 u 
0.02 u 
0.12 u 
0.44 u 
0.25 u 
0.82 u 
0.20 u 
0.09 u 
0.11 u 
0.03 u 
0.05 u 
0.10 u 
0.46 u 
0.32 u 
1.20 u 
0.02 u 
0.74 u 

1,2,4-Trl 
methyl 
benzene 

0.82U 

0.38 u 
0.31 u 
O.IOU 

0.92U 

0.25 JB 

0.33 u 
0.31 u 
0.29U 

0.81 u 
0.07U 

0.02U 

0.12 u 
0.44U 

0.25U 

l.IOU 

0.26U 

0.14 u 
0.16 u 
0.04U 

. 0.05 u 
O.IOU 

0.46U 

0.38U 

1.20U 

0.02U 

0.90U 



Drum# Site 

011607 INEL 

011637 IRFETS 

Oll73S lNEL 

011749 INEL 

011785 IRFETS 

012021 INEL 

012108 INEL 

012111 INEL 

012215 INEL 

012313 INEL 

012320 INEL 

012356 INEL 

012357 RFETS 

012433 INEL 

012469 IRFETS 

012471 IRFETS 

012487 INEL 

012494 INEL 

012541 INEL 

012553 INEL 

012571 INEL 

012611 INEL 

012634 INEL 

012749 INEL 

012766 INEL 

012802 INEL 

012875 RFETS 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Uncategorized Metal 

Filter 

Solidified lnorganics 

Filter 

Inorganic Non-metal 

Heterogeneous 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Combustible 

Solidified Organics 

1,1,2,2-Tetn 
TruCon IDC chloro 

Code Code ethane 

216 330 O.oJ U 

219 338 0.88 u 
216 330 0.89 u 
225 441 0.25 u 
211 1 0.03 u 
211 1 0.39 u 
214 292 0.39 u 
216 337 1.90 u 
217 480 0.42 u 
216 336 0.70 u 
216 336 2.00 u 
219 338 0.25 u 
217 480 3.20 u 
219 338 0.22 u 
211 1 0.36 u 
219 338 0.19 u 
218 440 0.02 u 
216 330 1.20 u 
218 442 0.03 u 
211 1 0.03 u 
217 320 0.02 u 
211 1 0.62 u 
211 1 1.70 u 
211 1 0.33 u 
216 336 3.00 u 
216 337 1.30 u 
226 432 4.00 u 

C2-144 

1,3,5-Trl 
methyl 
benzene 

0.02 u 
0.61 u 
0.62 u 
0.18 u 
0.02 u 
0.27 u 
0.27 u 
1.00 u 
0.29 u 
0.38 u 
1.40 u 
0.31 J 

2.20 u 
0.12 u 
0.25 u 
0.13 u 
0.01 u 
0.83 u 
0.02 u 
0.09 J 

0.01 u 
0.44 u 
l.20 u 
0.23 u 
2.10 u 
0.51 u 
2.80 u 

1,2,4-Trl 
methyl 
benzene 

0.02U 

0.82U 

0.62U 

0.18 u 
0.03 u 
0.27U 

0.27U 

1.20 u 
0.29U 

0.46 u 
l.40U 

0.24J 

2.90U 

0.15 u 
0.33 u 
0.27 JB 

0.02 JB 

0.83 u 
0.03 J 

0.09J 

0.01 u 
0.44 u 
l.20 u 
0.23 u 
2.lOU 

0.82 u 
2.80U 



Drum# Site 

012878 ~NEL 

012891 INEL 

012902 INEL 

012920 INEL 

012985 lNEL 

012986 INEL 

012998 INEL 

013106 INEL 

013229 IRFETS 

013231 INEL 

lol3252 INEL 

013266 INEL 

013269 INEL 

013313 INEL 

013331 INEL 

013342 INEL 

013346 IRFETS 

013618 INEL 

013677 ltNEL 

013751 ltNEL 

1<>13763 INEL 

013773 IRFETS 

013818 RFETS 

013820 RFETS 

013847 INEL 

lol3860 INEL 

lol3876 RFETS 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group -

Uncategorized Metal 

Heterogeneous 

Filter 

Inorganic Non-metal 

Inorganic Non-metal 

Heterogeneous 

Combustible 

Solidified Jnorganics 

Solidified Organics 

Graphite 

Inorganic Non-metal 

Combustible 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Heterogeneous 

Filter 

Uncategorized Metiil 

Combustible 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Combustible 

Solidified Jnorganics 

1,1,2,2-Tetra 
TruCon IDC c:hloro 

Code Code ethane 

217 480 0.68 u 
216 330 0.34 u 
219 338 0.02 u 
222 371 1.20 u 
222 371 2.00 u 
221 302 l.60 B 

216 337 0.68 u 
111 7 0.02 u 
226 432 0.15 u 
215 300 0.02 u 
222 371 0,03 u 
223 339 0.42 u 
218 440 0.06 u 
218 440 0.03 u 
124 411 0.07 u 
218 440 0.02 u 
222 371 0.02 u 
216 330 2.00 u 
219 338 0.06 u 
217 480 0.89 u 
223 339 16.00 u 
111 7 0.08 u 
211 I 0.02 u 
211 1 0.03 u 
215 300 0.02 u 
223 339 0.08 u 
211 7 0.10 u 

~-145 

1,3,5-Trl 
methyl 

benzene 

0.30 u 
0.24 u 
O.ot U 

0.83 u 
1.40 u 
0.96 JB 

0.48 u 
0.01 JB 

0.10 u 
0.01 u 
0.02 u 
0.29 u 
0.03 u 
0.02 u 
0.05 u 
0.01 u 
0.02 u 
1.40 u 
0.03 u 
0.62 u 

10.00 u 
0.07 J 

0.02 J 

0.02 u 
0.01 u 
0.04 u 
0.o7 u 

1,2,4-Trl 
methyl 
benzene 

0.43U 

0.24U 

0.02U 

0.83 u 
l.40U 

2.308 

0.48U 

0.02J 

O.IOU 

0.02U 

0.02U 

0.29U 

0.04U 

0.02U 

0.07U 

0.02J 

0.02U 

l.40U 

0.04U 

0.62U 

11.00 u 
0.14 JB 

0.03J 

0.02 u 
0.01 u 
0.05 u 
0.09U 



Drum# Site 

014007 INEL 

014009 INEL 

014010 INEL 

014127 IRFETS 

014170 INEL 

014330 INEL 

014334 INEL 

014339 INEL 

014342 INEL 

014345 INEL 

014346 INEL 

014348 INEL 

014354 RFETS 

014357 INEL 

014387 INEL 

014466 INEL 

014484 INEL 

014502 IRFETS 

014504 IRFETS 

014773 INEL 

015228 IRFETS 

015231 INEL 

015241 INEL 

015249 INEL 

015262 IRFETS 

015267 INEL 

015338 INEL 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Filter 

Solidified Organics 

Graphite 

Solidified Organics 

Combustible 

Graphite 

Uncategorized Metal 

Combustible 

Solidified Inorganics 

Heterogeneous 

Graphite 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Inorganic Non-metal 

Inorganic Non-metal 

Graphite 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

211 1 0.03 u 
211 7 0.19 JB 

211 7 0.02 u 
211 7 0.02 u 
211 7 0.02 u 
215 303 0.05 u 
219 335 0.07 u 
226 432 0.06 u 
215 303 0.08 u 
226 432 0.05 u 
223 339 0.02 u 
215 300 0.02 u 
217 481 0.01 u 
223 339 16.00 u 
211 7 0.04 JB 

221 302 0.33 u 
215 300 0.02 u 
211 I 0.01 u 
211 I 0.03 u 
214 292 0.05 u 
226 432 0.18 u 
218 440 O.o3 U 

218 442 0.05 u 
215 300 0.02 u 
226 432 1.70 u 
217 480 1.50 u 
211 7 0.02 u 

C2-146 

1,3,5-Trl 
methyl 
benzene 

0.02 u 
0.10 JB 

0.01 J 

0.02 J 

0.01 u 
0.02 u 
0.04 u 
0.04 u 
0.04 u 
0.03 u 
0.01 u 
0.01 u 
0.01 u 

10.00 u 
0.04 JB 

0.23 u 
0.01 u 
0.02 J 

0.02 u 
0.04 u 
0.12 u 
0.02 u 
0.04 u 
0.01 u 
1.20 u 
1.00 u 
0.01 J 

1,2,4-Trl 
methyl 
benzene 

0.02U 

0.17 JB 

0.03 J 

0.05 J 

0.02U 

0.03 u 
0.05 u 
0.04U 

0.05 u 
0.04J 

0.02U 

0.01 u 
0.01 u 

11.00 u 
0.06JB 

0.23 u 
0.01 u 
0.03 J 

0.03 u 
0.05 u 
0.12 u 
O.o2 U 

0.04U 

0.02 u 
1.20 u 
1.00 u 
0.02 J 



Drum# Site 

015434 IRFETS 

015440 IRFETS 

015515 IRFETS 

015532 IRFETS 

015543 INEL 

015627 INEL 

015655 INEL 

015674 INEL 

015675 INEL 

015777 RFETS 

015785 IRFETS 

015786 INEL 

016242 ltNEL 

016612 INEL 

016613 INEL 

016707 ltNEL 

016738 IRFETS 

016790 ltNEL 

016807 INEL 

016842 INEL 

016855 IRFETS 
016869 INEL 
016964 IRFETS 
016986 INEL 
017148 . ~NEL 

017190 INEL 

017444 INEL 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Graphite 

Solidified Jnorganics 

Graphite 

Uncategorized Metal 

Solidified Organics 

Solidified Inorganics 

Solidified Inorganics 

Graphite 

Inorganic Non-metal 

Solidified Organics 

Graphite 

Solidified Inorganics 

Graphite 

Solidified Inorganics 

Graphite 

Solidified Organics 

Solidified Jnorganics 

Solidified Inorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Graphite 

1,1,2,2-Tetra 
TruCon JDC chloro 

Code Code ethane 

226 432 0.04 u 
226 432 0.39 u 
212 3 28.00 u 
212 3 87.00 u 
212 3 37.00 u 
215 300 0.02 u 
211 7 0.02 u 
215 300 0.02 u 
217 480 0.07 u 
226 432 0.07 u 
211 I 0.34 u 
211 I O.oJ U 

215 300 0.02 u 
218 442 0.03 u 
226 432 0.21 u 
215 300 0.02 u 
211 7 1.30 u 
215 300 0.02 u 
211 I 0.43 JB 

215 300 0.02 u 
212 3 130.00 u 
211 7 0.18 u 
211 7 1.20 u 
218 442 0.18 u 
226 432 0.64 u 
211 7 9.90 B 

215 300 O.oJ U 

.147 

1,3,5-Trl 
methyl 

benzene 

O.oJ U 

0.27 u 
20.00 u 
60.00 u 
26.00 u 

0.01 u 
0.01 u 
0.01 u 
0.05 u 
0.05 u 
0.24 u 
0.01 u 
0.01 u 
0.02 u 
0.15 u 
0.01 u 
0.92 u 
0.91 J 

0.23 JB 

0.01 u 
94.00 u 

0.08 u 
0.82 u 
0.12 u 
0.44 u 
4.60 B 

0.02 u 

1,2,4-Trl 
methyl 
benzene 

O.oJ U 

0.27U 

26.00U 

81.00 u 
26.00U 

0.01 u 
0.01 u 
0.02J 

0.05U 

0.05 u 
0.32 u 
0.02U 

0.01 JB 

0.02U 

0.15U 

0.01 u 
l.20U 

2.00 

0.34JB 

0.01 u 
120.00U 

0.11 u 
l.IOU 

0.12U 

0.44U 

6.808 

0.02 u 



Drum# Site 

017453 INEL 

017486 INEL 

017491 INEL 

017495 INEL 

017496 INEL 

017698 IRFETS 

017709 INEL 

017728 RFETS 

017742 INEL 

lo17756 RFETS 

017759 INEL 

017788 INEL 

017863 ~NEL 

018111 IRFETS 

018219 IRFETS 

018299 INEL 

018413 INEL 

l<ll8441 INEL 

018464 INEL 

!018476 INEL 

018491 INEL 

019410 INEL 

019413 INEL 

019572 INEL 

021031 RFETS 

021172 RFETS 

021306 INEL 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified Organics 

Solidified lnorganics 

Graphite 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Inorganic Non-metal 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Filter 

Solidified lnorganics 

Solidified lnorganics 

Filter 

Graphite 

Graphite 

Graphite 

Solidified lnorganics 

Graphite 

Lead/Cadmium Metal Waste 

Lead/Cadmium Metal Waste 

Lead/Cadmium Metal Waste 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

212 3 39.00 u 27.00 u 
211 I 0.16 u 0.o7 u 
215 300 0.18 u 0.08 u 
218 442 0.03 u 0.02 u 
218 442 0.03 u 0.02 u 
211 292 2.50 u 1.70 u 
211 1 0.02 u 0.01 u 
211 1 0.70 u 0.49 u 
218 440 0.60 u 0.42 u 
226 432 1.70 u 1.20 u 
226 432 1.20 u 0.83 u 
211 7 1.20 u 0.52 u 
119 376 0.10 u 0.07 u 
211 1 0.02 u 0.01 u 
211 7 1.20 u 0.82 u 
119 376 0.15 u 0.10 u 
115 300 0.01 u 0.01 u 
115 300 O.oJ U 0.02 u 
115 300 0.01 u 0.01 u 
111 292 0.10 u O.o7 U 

115 300 0.03 u 0.02 u 
123 339 0.65 u 0.45 u 
123 339 2.80 u 2.00 u 
123 339 0.06 u 0.04 u 
214 292 0.04 u O.oJ U 

218 442 0.01 u 0.01 u 
213 4 0.03 u 0.02 u 

C2-148 

1,2,4-Trl 
methyl 
benzene 

36.00U 

O.lOU 

0.11 u 
0.02U 

0.02U 

2.30U 

0.01 u 
0.65 u 
0.42U 

1.20 u 
0.83 u 
0.15 u 
0.09U 

0.01 u 
1.10 u 
0.14 u 
0.01 u 
O.oJ U 

0.01 u 
0.09U 

0.03 u 
0.60U 

2.60U 

0.06U 

0.04 u 
0.01 u 
0.03 J 



Drum# Site 

021392 RFETS 

021442 INEL 

021488 IRFETS 

021503 RFETS 

021511 RFETS 

021512 INEL 

021523 INEL 

021565 INEL 

021572 INEL 

021600 RFETS 

021631 INEL 

021698 INEL 

021699 INEL 

021700 IRFETS 

021806 INEL 

021816 INEL 

021865 INEL 

021993 INEL 

022000 INEL 

022036 INEL 

022038 IRFETS 

022052 INEL 

022102 INEL 

022105 INEL 

Kl22119 INEL 

022121 INEL 

022135 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

214 292 0.16 u O.ll U 

211 l 0.50 u 0.22 u 
218 442 0.04 u 0.03 u 
218 440 0.17 u 0.12 u 
213 4 0.04 u 0.03 u 
211 7 0.95 u 0.66 u 
226 432 0.60 u 0.43 J 

211 7 0.90 u 0.39 u 
21 l 7 l.30 0.64 J 

211 l 0.28 u 0.20 u 
218 442 0,03 u 0.02 u 
218 440 l.10 u 0.78 u 
213 4 0.33 u 0.23 u 
213 4 0.01 u 0.01 u 
218 440 0.21 u 0.09 u 
211 l 0.11 u 0.05 u 
211 l 0.95 u 0.66 u 
21 l 2 0.45 u 0.31 u 
218 440 0.10 u O.o7 U 

217 480 0,07 u 0.03 u 
217 481 0.18 u 0.13 u 
217 481 0.02 u 0.01 u 
226 432 0.10 u 0.12 J 

211 1 0.42 u 0.29 u 
222 371 0.54 u 0.37 u 
211 7 0.16 u 0.07 u 
211 7 0.68 u 0.48 u 

:·149 

1,2,4-Trl 
methyl 
benzene 

0.15 u 
0.32U 

0.04U 

O.l6U 

0.04U 

0.66U 

0.98 J 

0.57U 

0.98 J 

0.26U 

0.02 u 
0.78 u 
0.23U 

0.01 u 
0.13 u 
0.07U 

0.66U 

0.31 u 
0.07U 

0.05 u 
. 0.17 u 

0.02 u 
0.07 J 

0.29U 

0.37U 

O.lOU 

0.48 u 



Drum# Site 

022136 RFETS 

022149 RFETS 

!022224 INEL 

022226 RFETS 

022228 INEL 

022230 INEL 

022249 INEL 

022275 INEL 

022286 RFETS 

022296 INEL 

Kl22306 INEL 

022338 INEL 

022347 INEL 

022358 INEL 

022416 IRFETS 

022434 INEL 

022442 INEL 

022450 IRFETS 

!022453 RFETS 

022486 IRFETS 

022511 INEL 

022513 INEL 

022517 INEL 

022539 INEL 

022549 INEL 

022552 INEL 

022557 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified lnorganics 

Inorganic Non-metal 

Solidified Organics 

Inorganic Non-metal 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

Inorganic Non-metal 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Uncategorized Metal 

Inorganic Non-metal 

Uncategorized Metal 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

211 7 0.88 u 0.61 u 
211 7 0.22 u 0.15 u 
211 I 0.42 u 0.29 u 
222 371 1.20 u 0.82 u 
222 371 0.15 u 0.26 J 

222 371 0.12 u 0.11 J 

217 480 1.80 u 0.79 u 
217 480 0.40 u 0.18 u 
217 480 0.50 u 0.35 u 
211 I 0.89 u 0.39 u 
218 440 0.89 u 0.62 u 
212 3 120.00 u 83.00 u 
218 440 0.28 u 0.12 u 
217 480 0.02 u 0.01 u 
217 320 0.05 u 0.04 u 
226 432 0.39 u 0.27 u 
226 432 1.14 u 0.77 u 
217 320 0.09 u 0.06 u 
211 2 0.08 u 0.14 J 

218 440 1.80 u 1.20 u 
217 480 0.92 u 0.64 u 
212 I 0.27 u 0.19 u 
226 432 0.11 u 0.08 u 
226 432 0.11 u 0.08 u 
217 480 1.50 u 1.00 u 
218 442 0.34 u 0,24 u 
217 480 0.63 u 0.28 u 

C2-150 

1,2,4-Trl 
methyl 
benzene 

0.82U 

0.20U 

0.29U 

l.lOU 

0.21 J 

0.08U 

1.10 u 
0.26U 

0.47 u 
0.56U 

0.62 u 
83.00 u 

0.18 u 
0.01 JB 

0.05 u 
0.27U 

0.77U 

0.08 u 
0.19 J 

1.60U 

0.64 u 
0.19U 

0.09 J 

0.08 u 
1.00 u 
0.24 u 
0.40 u 



Drum# Site 

022595 INEL 

022600 RFETS 

022780 INEL 

lo22789 INEL 

022790 INEL 

022803 INEL 

022807 INEL 

022811 INEL 

022833 INEL 

022841 INEL 

022850 INEL 

lo22874 INEL 

022894 IINEL 

lo22923 IINEL 

~>23005 INEL 

023027 IRFETS 

023041 IRFETS 

023046 IRFETS 

023048 IRFETS 

023062 INEL 

I0232ll INEL 

023212 IRFETS 

023227 1NEL 

023229 INEL 

023235 RFETS 

023238 INEL 

023277 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Salt Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Uncategorized Metal 

Inorganic Non-metal 

Solidified lnorganics 

Solidified Organics 

Solidified lnorganics 

Filter 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Inorganic Non-metal 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

211 I 0.30 u 
213 4 0.27 u 
2ll 7 0.45 u 
211 7 0.66 u 
214 292 0.22 u 
222 371 0.62 u 
224 414 0.12 u 
2ll 7 0.38 u 
211 7 2.70 u 
2ll 7 1.40 u 
211 7 0.89 u 
222 371 0.21 u 
2ll I 0.13 u 
218 440 0.39 u 
2ll 7 0.18 u 
217 480 0.18 u 
222 371 0.28 u 
2ll 7 0.50 u 
226 432 0.42 u 
2ll 7 0.18 u 
ll9 376 0.06 u 
217 480 0.58 u 
217 480 0.10 u 
216 337 0.60 u 
216 336 0.16 u 
2ll I 0.20 u 
222 371 1.00 u 

·<?-151 

1,3,5-Trl 
methyl 
benzene 

0.13 u 
0.27 J 

0.23 J 

0.46 u 
0.13 JB 

0.44 u 
0.09 u 
0.16 u 
1.20 u 
0.63 u 
0.39 u 
0.15 u 
0.31 J 

0.27 u 
0.12 u 
0.48 JB 

0.20 u 
0.35 u 
0.29 u 
0.12 u 
0.04 u 
0.41 u 
O.o7 U 

0.42 u 
0.11 u 
0.09 u 
0.73 u 

1,2,4-Trl 
methyl 
benzene 

0.19U 

0.26U 

0.31 J 

0.46U 

0.29JB 

0.44U 

0.09U 

0.24U 

1.70 u 
0.90U 

0.56U 

0.15U 

0.62J 

0.27U 

0.12U 

0.99JB 

0.26U 

0.47U 

0.29U 

0.12U 

0.06U 

0.54 u 
0.07U 

0.42U 

0.26J 

0.12U 

0.73 u 



Drum# Site 

023285 INEL 

023312 INEL 

023341 IRFETS 

023357 INEL 

023383 IRFETS 

023384 INEL 

023388 INEL 

023392 INEL 

023407 INEL 

023460 INEL 

023469 INEL 

023492 INEL 

023519 INEL 

023535 INEL 

023552 INEL 

023662 INEL 

023681 INEL 

023695 IRFETS 

023771 IRFETS 

023776 INEL 

023805 INEL 

023827 IRFETS 

023840 INEL 

023901 INEL 

023929 IRFETS 

023959 INEL 

024028 RFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified Inorganics 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Uncategorized Metal 

Combustible 

Heterogeneous 

Solidified lnorganics 

Solidified Organics 

Inorganic Non-metal 

Solidified Organics 

Solidified Inorganics 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Heterogeneous 

Inorganic Non-metal 

Uncategorized Metal 

Inorganic Non-metal 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

211 7 2.00 u 1.40 u 
217 480 0.90 u 0.39 u 
211 7 0.01 u 0.05 J 

211 I 0.15 u 0.10 u 
217 481 O.ol U 0.01 u 
223 339 0.12 u O.o7 U 

216 330 0.10 u 0.06 u 
213 4 0.67 u 0.47 u 
212 3 23.00 u 16.00 u 
218 442 0,03 u 0.02 u 
212 3 0.36 u 1.10 J 

211 7 0.74 u 0.52 u 
212 3 3.40 u 1.50 u 
211 7 0.89 u 0.39 u 
211 I 0.83 u 0.58 u 
218 442 0.10 u 0.07 u 
211 I 0.36 u 0.25 u 
211 2 0.18 u 0.13 u 
216 330 0.19 u 0.13 u 
216 330 0.39 u 0.28 u 
217 480 0.02 u 0.06 J 

217 320 0.01 u 0.03 J 

216 337 0.37 u 0.20 u 
216 330 0.36 u 0.19 u 
218 440 0.59 u 0.41 u 
217 480 1.30 u 0.93 u 
218 440 0.12 u 0.09 u 

C2-152 

1,2,4-Trl 
methyl 
benzene 

l.40U 

0.57U 

0.08 J 

O.IOU 

0.01 u 
0.08U 

0.o7U 

0.47U 

16.00 u 
O.o2U 

3.00J 

0.52 u 
2.20U 

0.56U 

0.58U 

O.o7U 

0.25U 

0.17 u 
0.18U 

0.28U 

0.04 JB 

0.02 J 

0.24 u 
0.24U 

0.55 u -
0.93 u 
0.12 u 



Drum# Site 

024029 INEL 

024058 INEL 

024059 INEL 

024088 INEL 

024090 INEL 

024092 INEL 

024095 INEL 

024102 INEL 

024106 lNEL 

024113 INEL 

024147 INEL 

024165 INEL 

024168 INEL 

lo24185 INEL 

024254 INEL 

024271 INEL 

024273 ~NEL 

024289 IRFETS 

024295 INEL 

lo24308 ~NEL 

024309 INEL 

024311 INEL 

024318 INEL 

024506 INEL 

024507 INEL 

024600 INEL 

024638 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group -

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Solidified lnorganics 

Combustible 

Heterogeneous 

Salt Waste 

Salt Waste 

Inorganic Non-metal 

Inorganic Non-metal 

Inorganic Non-metal 

Salt Waste 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Inorganic Non-metal 

Uncategorized Met'il 

Uncategorized Metal 

Heterogeneous 

1,1,2.2-Tetra 
TruCon JDC chloro 

Code Code ethane 

217 480 0.02 u 
211 1 0.45 u 
214 292 0.18 u 
216 337 0.34 u 
216 337 0.56 u 
216 337 l.50 u 
216 337 0.23 u 
216 337 0.51 u 
216 337 0.74 u 
216 337 0.22 u 
211 1 0.68 u 
216 337 0.53 u 
216 330 0.03 u 
224 409 0.03 u 
224 414 0.05 u 
218 442 0.10 u 
218 442 0.19 u 
218 440 0.35 u 
224 414 0.10 u 
211 2 0.15 u 
211 2 0.12 u 
2ll 2 0.24 u 
211 2 0.24 u 
122 374 0.06 u 
ll7 480 0.07 u 
217 480 0.27 u 
216 330 0.13 u 

i-153 

1,3,5-Trl 
methyl 
benzene 

O.ot U 

0.31 u 
0.32 J 

0.24 u 
0.30 u 
1.00 u 
0.13 u 
0.35 u 
0.52 u 
0.16 u 
0.48 u 
0.37 u 
0.02 u 
0.12 J 

0.25 J 

0.07 u 
0.14 u 
0.24 u 
0.07 u 
0.42 J 

0.43 J 

0.33 J 

0.17 u 
0.04 u 
0.05 u 
0.19 u 
0.09 u 

1,2,4-Trl 
methyl 
benzene 

0.02U 

0.31 u 
0.18J 

0.24U 

0.37U 

1.00U 

0.15 u 
0.35U 

0.52U 

0.16U 

0.48 u 
0.37U 

0.02U 

0.o7 J 

0.34J 

0.07U 

0.14U 

0.33U 

0.07U 

0.51 J 

0.49J 

0.45 J 

0.17 u 
0.06U 

O.o7U 

0.19U 

0.09U 



Drum# Site 

024670 ~NEL 

024765 INEL 

024786 INEL 

024850 INEL 

024884 INEL 

024897 INEL 

024920 INEL 

024991 INEL 

025001 INEL 

032284 INEL 

032287 IRFETS 

032467 INEL 

~32469 IRFETS 

032473 INEL 

032485 INEL 

032517 IRFETS 

032521 INEL 

032525 INEL 

032526 ~NEL 

032529 ~NEL 

032540 INEL 

032632 INEL 

032659 IRFETS 

032669 IRFETS 

032712 INEL 

032715 IRFETS 
032748 INEL 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified Inorganics 

Uncategorized Metal 

Uncategorized Metal 

Solidified Organics 

Uncategorized Metal 

Solidified Inorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified Organics 

Combustible 

Solidified Inorganics 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Uncategorized Metal 

Combustible 

Combustible 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

211 l 0.54 u 
217 480 0.06 u 
217 480 0.36 u 
226 432 0.10 u 
217 480 0.24 u 
211 l 0.24 u 
211 l 0.68 u 
211 l 0.33 u 
212 3 1.20 u 
223 339 0.37 u 
211 7 1.20 u 
216 337 0.24 u 
216 337 0.39 u 
216 337 1.60 u 
216 337 0.93 u 
223 339 0.09 u 
223 339 0.08 u 
223 339 0.05 u 
223 339 0.70 u 
216 336 0.22 u 
217 480 0.39 u 
217 480 0.18 u 
217 480 0.31 u 
217 480 0.33 u 
217 480 0.28 u 
216 337 0.09 u 
223 339 0.22 u 

C2-154 

1,3,S-Trl 
methyl 
benzene 

0.37 u 
0.03 u 
0.25 u 
0.07 u 
0.17 u 
0.17 u 
0.48 u 
0.23 u 
0.83 u 
0.20 u 
0.82 u 
0.17 u 
0.27 u 
1.10 u 
0.65 u 
0.06 u 
0.05 u 
0.02 u 
0.38 u 
0.10 u 
0.27 u 
0.10 u 
0.21 u 
0.23 u 
0.20 u 
0.06 u 
0.10 u 

1,2,4-Trl 
methyl 
benzene 

0.37U 

0.04U 

0.25 u 
O.Q7U 

O.l7U 

0.17U 

0.48U 

0.23 u 
0.83U 

0.25 u 
I.IOU 

0.17U 

0.36U 

I.IOU 

0.65 u 
0.08 u 
0.06U 

0.03 u 
0.46 u 
0.11 J 

0.27U 

0.12 u 
0.28U 

0.31 u 
0.20U 

0.08 u 
0.11 u 



Drum# Site 

032753 INEL 
033091 INEL 
001332 RFETS 
006288 RFETS 
006339 RFETS 
011129 RFETS 
ID13364 IRFETS 
ID156so IRFETS 
ID17184 IRFETS 
ID32439 RFETS 
ID32978 IRFETS 
035301 RFETS 
ID35306 IRFETS 
ID36606 IRFETS 
ID38859 IRFETS 
ID38989 IRFETS 
ID41681 IRFETS 
ID42280 IRFETS 
ID4750l IRFETS 
ID48182 IRFETS 
ID4s200 IRFETS 
ID48377 IRFETS 
049662 RFETS 
ID49sso IRFETS 
ID52318 IRFETS 
052362 RFETS 
052726 lRFETS 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Uncategorized Metal 

Combustible 

Heterogeneous 

Filter 

Heterogeneous 

Filter 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Filter 

Solidified Inorganics 

Solidified lnorganics 

Lead/Cadmium Metal Waste 

Uncategorized Metal 

Solidified Inorganics 

Heterogeneous 

Filter 

Solidified Organics 

Lead/Cadmium Metal Waste 

Filter 

Heterogeneous 

Inorganic Non-metal 

Solidified Inorganics 

Heterogeneous 

Lead/Cadmium Metal Waste 

Heterogeneous 

Heterogeneous 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

217 481 0.03 u 0.02 u 
223 339 0.02 u 0.46 J 

116 832 0.50 u 0.50 u 
119 338 0.10 u 0.10 u 

0 337 0.20 u 0.20 u 
119 338 0.10 u 0.10 u 
117 480 0.10 u 0.10 u 
116 83t 66.67 u 66.67 u 
111 800 O.to u 0.10 u 
119 338 0.10 u 0.10 u 
11 t 803 5.67 u 5.67 u 
11 t 800 0.10 u 0.10 u 
123 339 0.20 u 0.20 u 
117 480 0.40 u 0.40 u 
111 803 0.10 u 0.10 u 

0 336 0.10 u 0.10 u 
119 338 0.10 u 0.10 u 
112 80t 416.67 u 416.67 u 

0 341 0.10 u 0.10 u 
119 376 0.40 u 0.40 u 
116 831 8.00 u 8.00 u 
118 368 0.10 u 0.10 u 

0 292 0.10 u 0.10 u 
0 336 0.27 u 0.27 u 

117 32t 0.10 u 0.10 u 
116 821 0.20 u 0.20 u 
116 833 0.80 u 0.80 u 

;~155 

1,2,4-Trl 
methyl 
benzene 

0.02U 

1.10 

l.OOU 

0.20U 

0.40U 

0.20U 

O.IOU 

133.33 u 
O.lOU 

0.20U 

tl.33 u 
O.IOU 

0.40U 

0.80U 

O.lOU 

0.20U 

0.20U 

833.33 u 
0.20U 

0.40U 

. 8.00U 

O.lOU 

0.20U 

0.53 u 
0.20U 

0.20U 

1.60U 



Drum# Site 

053672 IR.FETS 
055656 IR.FETS 
055680 IR.FETS 
055938 IR.FETS 
056095 IR.FETS 
056595 RFETS 
056755 RFETS 
056823 RFETS 
057179 IR.FETS 
ID57522 RFETS 
ID57847 IRFETS 
ID58143 IRFETS 
ID58154 IRFETS 
ID58627 RFETS 
ID58889 IRFETS 
ID58970 IRFETS 
ID59053 IRFETS 
ID59703 IRFETS 
ID59899 IRFETS 
ID6oo56 [RFETS 
ID60218 IRFETS 
060298 RFETS 
060320 RFETS 
060463 IRFETS 
060511 IR.FETS 
060635 IRFETS 
061245 IRFETS 

Table C2-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Inorganic Non-metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Lead/Cadmium Metal Waste 

Heterogeneous 

Filter 

Lead/Cadmium Metal Waste 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Inorganic Non-metal 

Filter 

Filter 

Heterogeneous 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

ll8 440 0.20 u 0.20 u 

ll6 831 0.30 u 0.30 u 

ll6 821 0.20 u 0.20 u 

ll6 831 0.20 u 0.20 u 

0 337 0.10 u 0.10 u 

ll6 831 13.33 u 13.33 u 

ll6 821 0.10 u 0.10 u 

116 831 0.40 u 0.40 u 

0 330 2.00 u 2.00 u 

0 336 0.40 u 0.40 u 

ll7 480 0.40 u 0.40 u 

111 807 0.10 u 0.10 u 

116 831 0.40 u 0.40 u 

116 831 0.20 u 0.20 u 

116 831 0.20 u 0.20 u 

11 I 807 0.10 u 0.10 u 

0 341 0.10 u 0.10 u 

116 831 0.50 u 0.50 u 

0 331 0.50 u 0.50 u 

0 341 0.27 u 0.27 u 

116 821 2.20 4.61 

112 801 573.33 u 573.33 u 

0 330 28.00 u 28.00 u 

ll8 440 0.10 u 0.10 u 

119 491 0.20 u 0.20 u 

119 491 0.10 u 0.10 u 

0 336 0.47 u 0.47 u 

C2-156 

1,2,4-Trl 
methyl 
benzene 

0.20U 

O.JOU 

0.20U 

0.20U 

0.20U 

26.67 u 

O.IOU 

0.40U 

4.00U 

0.80U 

0.80U 

O.IOU 

0.80U 

0.40U 

0.40U 

O.IOU 

0.20U 

1.00 u 

l.OOU 

0.53 u 

8.44 

573.33 u 

56.00 u 

O.lOU 

0.20U 

O.IOU 

0.93U 



Drum# Site 

061278 RFETS 
061473 RFETS 
061504 RFETS 
P61747 RFETS 
062340 ru'ETS 
062478 ru'ETS 
P62714 IRFETS 
062851 RFETS 
062855 IRFETS 
063098 IRFETS 
063229 IRFETS 
063281 IRFETS 
063460 IRFETS 
063654 IRFETS 
063808 IRFETS 
063817 IRFETS 
063819 RFETS 
063999 RFETS 
064004 RFETS 
064137 RFETS 
064448 RFETS 
064555 RFETS 
064632 RFETS 
ID64752 RFETS 
ID64758 ru'ETS 
P64s6o :RFETS 
065212 RFETS 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Lead/Cadmiwn Metal Waste 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Filter 

Filter 

Filter 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

0 336 0.27 u 0.27 u 
0 377 0.30 u 0.30 u 
0 341 0.10 u 0.10 u 
0 330 0.27 u 0.27 u 

116 821 0.40 u 0.40 u 
119 376 0.40 u 0.40 u 
116 831 1.00 u 1.00 u 
116 825 0.30 u 0.30 u 
116 821 6.00 u 6.00 u 

0 331 0.50 u 0.50 u 
116 831 0.20 u 0.20 u 
111 807 0.10 u 0.10 u 
116 831 0.10 u 0.10 u 
111 807 0.10 u 0.10 u 
116 831 0.80 u 0.80 u 
116 821 1.60 u 1.60 u 
111 807 0.20 u 0.20 u 
119 491 0.30 u 0.30 u 

0 331 0:40 u 0.40 u 
119 335 0.10 u 0.10 u 
116 821 110.00 u 110.00 u 
112 801 573.33 u 573.33 u 
111 800 0.10 u 0.10 u 
117 480 2.00 u 2.00 u 
116 831 0.50 u 0.50 u 
116 831 12.00 u 12.00 u 
116 831 9.00 u 9.00 u 

·.157 

1,2,4-Trl 
methyl 
benzene 

0.53U 

0.30U 

0.20U 

0.53 u 
0.40U 

0.40U 

2.00U 

0.30U 

6.00U 

l.OOU 

0.20U 

O.IOU 

O.IOU 

O.IOU 

0.80U 

l.60U 

0.20U 

0.30U 

0.80U 

O.IOU 

110.00 u 
573.33 u 

O.IOU 

4.00U 

l.OOU 

24.00U 

18.00 u 



Drum# Site 

ID65213 iRFETS 
ID65214 IRFETS 
ID6ss30 IRFETS 
ID65535 IRFETS 
ID65546 IRFETS 
ID65600 IRFETS 
ID65731 IRFETS 
ID65734 IRFETS 
ID65754 IRFETS 
ID65757 IRFETS 
ID65972 IRFETS 
ID66128 IRFETS 
ID66157 IRFETS 
ID66162 IRFETS 
ID66211 IRFETS 
ID66213 IRFETS 
ID66356 IRFETS 
!066378 IRFETS 
!066438 IRFETS 
!066523 IRFETS 
!066525 IRFETS 
ID66631 IRFETS 
066637 RFETS 
066641 RFETS 
066649 RFETS 
066773 RFETS 
ID66783 IRFETS 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Inorganic Non-metal 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Filter 

Heterogeneous 

Uncategorized Metal 

Lead/Cadmium Metal Waste 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal Waste 

Uncategorized Metal 

Heterogeneous 

1,1,2,2-Tetn 
TruCon JDC chloro 

Code Code ethane 

116 831 8.00 u 
116 831 73.67 u 
111 807 0.10 u 
111 807 0.10 u 
111 807 0.10 u 
111 807 0.10 u 
122 375 0.40 u 
117 480 0.70 u 
116 831 0.67 u 
116 831 3.00 u 
119 376 0.30 u 
116 831 0.50 u 
117 480 2.00 u 
123 339 90.00 u 
116 833 0.10 u 
116 831 0.30 u 
116 831 166.67 u 
116 831 192.00 u 
117 480 1.60 u 
112 801 573.33 u 
111 800 0.27 u 
116 831 0.50 u 
116 831 8.00 u 
116 831 60.00 u 
123 339 56.00 u 
117 480 0.30 u 
116 831 250.00 u 

C2-158 

1,3,5-Trl 
methyl 
benzene 

8.00 u 
73.67 u 

0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.40 u 
0.70 u 
0.67 u 
3.00 u 
0.30 u 
0.50 u 
2.00 u 

90.00 u 
0.10 u 
0.30 u 

166.67 u 
192.00 u 

1.60 u 
573.33 u 

0.27 u 
0.50 u 
8.00 u 

60.00 u 
56.00 u 

0.30 u 
250.00 u 

1,2,4-Trl 
methyl 
benzene 

16.00 u 
73.67 u 

O.IOU 

O.lOU 

0.lOU 

O.IOU 

0.40U 

0.70U 

1.33 u 
6.00U 

0.30U 

1.00U 

4.54 J 

90.00U 

O.lOU 

0.60U 

333.33 u 
384.00U 

l.60U 

573.33 u 
0.53 u 
0.50U 

16.00U 

60.00 u 
56.00 u 

0.30U 

250.00 u 



Drum# Site 

ID66792 RFETS 
066860 IRFETS 
ID66875 RFETS 
ID66948 RFETS 
ID66949 RFETS 
ID66953 RFETS 
ID66958 RFETS 
067009 RFETS 
ID67012 RFETS 
ID67047 IRFETS 
ID6725 I IRFETS 
ID67263 IRFETS 
ID67277 IRFETS 
ID67278 IRFETS 
ID67312 IRFETS 
ID67317 IRFETS 
ID67390 IRFETS 
ID67391 IRFETS 
ID67413 RFETS 
ID67434 IRFETS 
ID67436 IRFETS 
ID67441 IRFETS 
!067448 RFETS 
067455 RFETS 
067464 IRFETS 
067524 RFETS 
067532 RFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified lnorganics 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Filter 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal Waste 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

116 831 100.00 u 100.00 u 
116 833 0.20 u 0.20 u 
116 832 0.10 u 0.15 J 

116 831 6.00 u 6.00 u 
116 831 0.60 u 0.60 u 
117 480 l.60 u l.60 u 
116 831 0.30 u 0.30 u 
112 801 340.00 u 340.00 u 
112 801 900.00 u 900.00 u 
111 807 0.20 u 0.20 u 
117 480 1200.00 u 1200.0 u 
116 831 9.00 u 9.00 u 
116 831 14.00 u 14.00 u 
116 831 0.10 u 0.10 u 
116 825 0.20 u 0.20 u 
117 480 0.27 u 0.27 u 
112 801 130.00 u 130.00 u 
116 833 0.27 u 0.27 u 
112 801 750.00 u 750.00 u 
111 800 0.40 u 0.40 u 
111 800 0.13 u 0.13 u 
111 800 0.40 u 0.40 u 
116 852 0.10 u 0.10 u 
119 490 0.40 u 0.40 u 
116 831 240.00 u 240.00 u 
116 832 18.59 u 18.59 u 
123 339 6.30 u 6.30 u 

'-159 

1,2,4-Trl 
methyl 
benzene 

100.00U 

0.20U 

0.38 J 

6.00U 

0.60U 

3.20U 

0.30U 

340.00U 

900.00U 

0.20U 

2400.0U 

9.00U 

14.00 u 
O.IOU 

0.20U 

0.27U 

130.00U 

0.53 u 
750.00 u 

0.80U 

0.27U 

0.80U 

O.IOU 

0.40U 

240.00U 

18.59U 

6.30U 



Drum# Site 

067535 IRFETS 
067539 RFETS 
067541 IRFETS 
067545 IRFETS 
067567 RFETS 
067582 RFETS 
067603 RFETS 
067654 RFETS 
067657 RFETS 
067678 RFETS 
067698 RFETS 
067707 RFETS 
067734 RFETS 
067735 RFETS 
067759 RFETS 
067764 RFETS 
067766 RFETS 
067781 RFETS 
067908 RFETS 
067929 RFETS 
067989 IRFETS 
067994 IRFETS 
068044 IRFETS 
068096 RFETS 
068247 RFETS 
068248 IRFETS 
068250 IRFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Croup 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Solidified Organics 

Solidified Organics 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

l 16 831 0.20 u 
112 801 320.00 u 
ll6 825 0.10 u 
112 801 90.00 u 
ll6 831 0.30 u 
ll6 831 0.40 u 
ll7 480 13.00 u 
l l l 800 0.27 u 
ll 1 800 0.27 u 
ll6 825 0.43 u 
116 831 1.60 u 
116 831 0.50 u 
116 831 l 10.00 u 
117 480 1.80 u 
116 831 2.80 u 
116 831 2.00 u 
116 831 1.50 u 
116 831 0.30 u 
116 832 0.10 u 
116 832 0.10 u 
116 831 0.50 u 
116 831 2.67 u 
116 825 0.50 u 
116 821 0.20 u 
ll l 800 0.13 u 
112 801 150.00 u 
112 801 170.00 u 

C2-l60 

1,3,S-Trl 
methyl 
benzene 

0.20 u 
320.00 u 

0.10 u 
90.00 u 

0.30 u 
0.40 u 

13.00 u 
0.27 u 
0.27 u 
0.43 u 
1.60 u 
0.50 u 

ll0.00 u 
1.80 u 
2.80 u 
2.00 u 
1.50 u 
0.30 u 
0.10 u 
0.10 u 
0.50 u 
2.67 u 
0.50 u 
0.20 u 
0.13 u 

150.00 u 
170.00 u 

1,2,4-Trl 
methyl 
benzene 

0.40U 

320.00U 

O.lOU 

90.00U 

0.30U 

0.40U 

13.00U 

0.53 u 
0.53 u 
0.43 u 
3.20U 

1.00U 

ll0.00 u 
I.SOU 

2.80U 

4.00U 

3.00U 

0.30U 

O.lOU 

0.20U 

0.50U 

5.33 u 
0.50U 

0.20U 

0.27U 

150.00 u 
170.00U 



Drum# Site 

068254 IRFETS 
068256 RFETS 
068276 IRFETS 
:068277 RFETS 
ID68377 RFETS 
ID68460 RFETS 
068480 RFETS 
ID68486 IRFETS 
ID68514 IRFETS 
ID68538 IRFETS 
ID68600 IRFETS 
ID68601 IRFETS 
ID68702 IRFETS 
[>68724 IRFETS 
ID68756 IRFETS 
ID68885 IRFETS 
068896 IRFETS 
ID68975 IRFETS 
ID68999 IRFETS 
ID69091 IRFETS 
ID69095 IRFETS 
ID69I 13 IRFETS 
ID69250 IRFETS 
069287 IRFETS 
069306 IRFETS 
069312 IRFETS 
069364 IRFETS 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Solidified lnorganics 

Solidified lnorganics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Inorganics 

Solidified Organics 

Uncategorized Metal 

Lead/Cadmium Metal Waste 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

111 800 0.27 u 0.27 u 
111 800 0.40 u 0.40 u 
116 852 0.10 u 0.10 u 
117 480 0.50 u 0.50 u 
117 480 0.20 u 0.20 u 
116 832 0.10 u 0.10 u 
111 800 0.10 u 0.10 u 
112 801 140.00 u 140.00 u 
117 480 0.10 u 0.10 u 
123 339 0.10 u 0.10 u 
116 825 18.00 u 18.00 u 
116 825 7.00 u 7.00 u 
116 833 0.10 u 0.10 u 
116 831 180.00 u 180.00 u 
116 831 0.20 u 0.20 u 
116 831 40.00 u 40.00 u 
116 831 213.00 u 213.00 u 
112 801 540.00 u 540.00 u 
116 821 0.40 u 0.40 u 
116 825 0.50 u 0.50 u 
116 833 0.54 u 0.54 u 
116 831 48.00 u 48.00 u 
116 833 0.10 u 0.10 u 
116 821 138.00 u 138.00 u 
112 801 250.00 u 250.00 u 
111 800 0.40 u 0.40 u 
116 833 0.30 u 0.30 u 

~,-161 

1,2,4-Trl 
methyl 
benzene 

0.53 u 
0.80U 

O.IOU 

0.50U 

0.40U 

0.20U 

0.20U 

140.00 u 
O.IOU 

0.20U 

18.00 u 
7.00U 

O.IOU 

180.00U 

0.40U 

40.00U 

213.00 u 
540.00U 

0.40U 

o.sou 
. 0.54U 

48.00U 

O.IOU 

138.00U 

250.00U 

0.80U 

0.30U 



Drum# Site 

069400 RFETS 
069406 IRFETS 
069413 RFETS 
069418 IRFETS 
069431 RFETS 
069518 RFETS 
ID69602 RFETS 
069759 RFETS 
069855 RFETS 
069877 RFETS 
[D69883 IRFETS 
[D69975 IRFETS 
070063 IRFETS 
1070077 IRFETS 
1D10229 IRFETS 
ID70353 IRFETS 
ID70370 IRFETS 
ID70379 IRFETS 
ID70383 IRFETS 
ID70446 IRFETS 
ID70448 IRFETS 
ID70455 IRFETS 
070543 RFETS 
ID70661 IRFETS 
070669 iRFETS 
ID70675 RFETS 
ID70682 IRFETS 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Filter 

Uncategorized Metal 

Solidified Organics 

Heterogeneous 

1,1,2,2-Tetn 
TruCon IDC chloro 

Code Code ethane 

116 831 37.00 u 
116 831 50.00 u 
116 831 0.60 u 
116 831 73.40 u 
116 831 53.33 u 
116 833 0.20 u 
116 821 1.00 u 
116 833 0.30 u 
116 833 0.20 u 
116 825 0.50 u 
116 825 0.30 u 
116 821 0.70 u 
116 821 0.51 u 
116 831 60.00 u 
116 831 0.20 u 
116 833 0.20 u 
116 821 0.30 u 
116 833 0.10 u 
116 833 0.20 u 
117 480 1.00 u 
116 831 150.00 u 
116 831 0.70 u 
112 801 828.00 u 

0 331 0.60 u 
117 480 0.10 u 
112 801 0.10 u 
116 831 45.00 u 

C2-162 

1,3,5-Trl 
methyl 
benzene 

37.00 u 
50.00 u 

0.60 u 
73.40 u 
53.33 u 

0.20 u 
1.00 u 
0.30 u 
0.20 u 
0.50 u 
0.30 u 
0.70 u 
0.51 u 

60.00 u 
0.20 u 
0.20 u 
0.30 u 
0.10 u 
0.20 u 
1.00 u 

150.00 u 
0.70 u 

828.00 u 
0.60 u 
0.10 u 
0.10 u 

45.00 u 

1,2,4-Trl 
methyl 
benzene 

37.00U 

50.00U 

0.60U 

73.40 u 
106.67 u 

0.20U 

1.00 u 
0.30U 

0.20U 

0.50U 

0.30U 

0.70U 

0.51 u 
60.00U 

0.20U 

0.20U 

0.30U 

O.IOU 

0.20U 

2.00U 

150.00 u 
0.70U 

828.00 u 
1.20 u 
O.IOU 

O.IOU 

45.00U 



Drum# Site 

ID7o696 IRFETS 
ID70734 IRFETS 
1D101so IRFETS 
to1oss6 IRFETS 
1D1oss2 IRFETS 
ID70937 IRFETS 
ID71019 IRFETS 
1D11020 IRFETS 
1D11022 IRFETS 
1D11241 RFETS 
1D1ns1 IRFETS 
071354 IRFETS 
ID71385 IRFETS 
ID71494 IRFETS 
ID71504 IRFETS 
1D11s14 IRFETS 
ID11s21 IRFETS 
ID71638 IRFETS 
1D11so4 IRFETS 
1D11s29 IRFETS 
ID1183s IRFETS 
1D11921 IRFETS 
ID7I932 IRFETS 
071933 RFETS 
071934 RFETS 
071936 RFETS 
071937 RFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Cbromotograpby/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Croup 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Filter 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

1,1,2,2-Tetra 1,3,5-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

116 821 0.60 u 0.60 u 

116 833 0.10 u 0.10 u 

116 832 0.10 u 0.10 u 

116 833 0.10 u 0.10 u 

116 831 14.00 u 14.00 u 

0 331 0.50 u 0.50 u 

112 801 1.30 u 1.30 u 

112 801 911.50 u 911.50 u 

112 801 1200.00 u 1200.0 u 

116 833 0.10 u 0.10 u 

117 480 0.10 u 0.10 u 

117 480 0.10 u 0.10 u 

116 833 0.30 u 0.30 u 

112 801 0.10 u 0.10 u 

112 801 0.20 u 0.20 u 

116 833 0.20 u 0.20 u 

116 825 0.20 u 0.20 u 

117 480 1.00 u 1.00 u 

116 832 0.10 u 0.10 u 

116 852 220.00 u 220.00 u 

116 831 7.60 u 7.60 u 

116 833 0.10 u 0.14 J 

112 801 4367.96 u 4367.9 u 

112 801 0.10 u 0.10 u 

112 801 0.10 u 0.10 u 

116 833 21.67 u 21.67 u 

116 833 33.33 u 33.33 u 

~-163 

1,2,4-Trl 
methyl 
benzene 

0.60U 

0.20U 

0.20U 

O.lOU 

14.00U 

l.OOU 

l.30U 

911.50 u 

2400.0U 

0.20U 

0.20U 

0.20U 

0.30U 

O.lOU 

0.20U 

0.20U 

0.20U 

2.00U 

0.20U 

220.00U 

7.60U 

0.20U 

4367.9U 

0.20U 

0.20U 

21.67 u 

66.67 u 



Drum# Site 

ID71938 RFETS 
ID71940 ~ETS 

ID71941 ~ETS 

1D12010 ~ETS 

072079 ~ETS 

072127 RFETS 
to12128 RFETS 
ID72131 ~ETS 

ID72132 RF'ETS 
ID72133 ~ETS 

ID72136 ~ETS 

ID72139 RFETS 
ID72178 RFETS 
072186 RFETS 
[D72195 RFETS 
1D122ss RFETS 
072267 RFETS 
ID72293 RFETS 
ID72333 ~ETS 

072339 RFETS 
ID72347 RFETS 
ID72375 RFETS 
[072434 RFETS 
ID12436 Rf ETS 
ID72542 RFETS 
D72545 RFETS 
072546 RFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Uncategorized Metal 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

116 833 l.80 u 
112 801 1000.00 u 
ll2 801 1000.00 u 
116 832 0.30 u 
117 480 6.50 u 
ll2 801 0.40 u 
ll2 801 130.00 u 
ll6 833 0.27 u 
ll2 801 48.00 u 
ll2 801 0.20 u 
ll2 801 21.00 u 
ll2 801 l.90 u 
ll6 821 0.30 u 
ll6 821 0.20 u 
ll6 833 0.10 u 
ll6 833 0.30 u 
II I 800 0.10 u 
ll6 833 0.10 u 
II6 831 0.30 u 
ll6 821 0.50 u 
ll6 833 0.10 u 
ll6 831 80.00 u 
ll6 831 210.00 u 
ll7 480 0.30 u 
ll6 832 10.00 u 
111 800 0.10 u 
116 832 15.00 u 

C2-164 

1,3,5-Trl 
methyl 
benzene 

1.80 u 
1000.0 u 
1000.0 u 

0.30 u 
6.50 u 
0.40 u 

130.00 u 
0.27 u 

48.00 u 
0.20 u 

21.00 u 
1.90 u 
0.30 u 
0.20 u 
0.10 u 
0.30 u 
0.10 u 
0.10 u 
0.37 J 

0.50 u 
0.10 u 

80.00 u 
210.00 u 

0.30 u 
10.00 u 
0.10 u 

15.00 u 

1,2,4-Trl 
methyl 
benzene 

1.80 u 
1000.0 u 
1000.0U 

0.60U 

6.50U 

0.40U 

130.00 u 
0.53 u 

96.00U 

0.20U 

21.00U 

l.90U 

0.30U 

0.20U 

O.IOU 

0.30U 

0.10 u 
O.IOU 

0.30U 

0.50U 

O.IOU 

80.00U 

210.00U 

0.60U 

20.00U -
0.20U 

30.00U 



Drum# Site 

:072566 RFETS 
:072598 RFETS 
D72618 RFETS 
D72619 RFETS 
D72623 RFETS 
072631 RFETS 
072632 RFETS 
!072673 RFETS 
072819 RFETS 
1D12822 IRFETS 
072831 IRFETS 
:072887 IRFETS 
!072923 IRFETS 
to12932 IRFETS 
D73054 IRFETS 
1D13014 IRFETS 
ID73II7 IRFETS 
1D13123 IRFETS 
ID73134 IRFETS 
!073136 IRFETS 
!073274 IRFETS 
ID73285 IRFETS 
073293 RFETS 
073295 IRFETS 
073296 IRFETS 
073301 IRFETS 
073605 IRFETS 

Table Cl-4 
WIPPWASTE CHARACTERIZATION DATA 

Gas Cbromotography/Mass Spectrometry Results 
(aU data in ppmv) 

Waste Matrix 
Code Group 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Uncategorized Metal 

Heterogeneous 

Heterogeneous 

Solidified lnorganics 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Solidified Organics 

Lead/Cadmiwn Metal Waste 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

112 801 0.80 u 0.80 u 
116 821 0.60 u 0.60 u 
116 833 0.10 u 0.10 u 
112 801 0.10 u 0.10 u 
112 801 0.50 u 0.50 u 
112 801 0.10 u 0.10 u 
112 801 0.10 u 0.10 u 
116 833 0.20 u 0.20 u 
116 833 0.40 u 0.40 u 
116 831 0.27 u 0.27 u 
117 480 4.00 u 4.00 u 
116 833 0.10 u 0.10 u 
116 833 0.40 u 0.40 u 
116 825 0.30 u 0.30 u 

0 336 113.33 u 113.33 u 
116 833 0.20 u 0.20 u 
117 480 0.40 u 0.40 u 
116 831 126.00 u 126.00 u 
116 831 72.00 u 72.00 u 
111 807 0.10 u 0.10 u 
116 831 50.00 u 50.00 u 
112 801 0.10 u 0.10 u 
112 801 0.10 u 0.10 u 
112 801 0.10 u 0.10 u 
112 801 0.10 u 0.10 u 
112 801 0.20 u 0.20 u 
123 339 0.10 u 0.10 u 

~-165 

1,2,4-Trl 
methyl 
benzene 

0.80U 

0.60U 

O.IOU 

O.IOU 

1.00U 

O.IOU 

O.lOU 

0.20U 

0.40U 

0.53 u 
8.00U 

O.IOU 

0.40U 

0.30U 

226.67U 

0.20U 

0.80U 

126.00 u 
144.00 u 

0.20U 

50.00 u 
O.IOU 

O.lOU 

O.lOU 

O.lOU 

0.20U 

0.20U 



Drum# Site 

D73632 RFETS 
D73667 RFETS 
ID73672 RFETS 
[>73745 IRFETS 
D73828 RFETS 
1>73848 IRFETS 
[>73987 IRFETS 
[>74007 IRFETS 
[>74110 IRFETS 
[>74147 IRFETS 
[>74156 IRFETS 
[>74374 IRFETS 
D74683 IRFETS 
[>74904 IRFETS 
D74913 IRFETS 
[>75039 IRFETS 
D75265 IRFETS 
D75267 IRFETS 
ID75278 RFETS 
ID75399 IRFETS 
ID75564 IRFETS 
ID75868 IRFETS 
[>75888 RFETS 
[>75926 RFETS 
075930 RFETS 
1>75947 RFETS 
1>75976 IRFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Lead/Cadmium Metal Waste 

Uncategorized Metal 

Heterogeneous 

Solidified Organics 

Solidified Organics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

116 825 0.70 u 
112 801 0.10 u 
112 801 0.10 u 
116 832 0.10 u 
116 833 0.10 u 
116 821 0.13 u 
123 339 0.30 u 
117 480 0.30 u 
116 833 0.10 u 
112 801 0.80 u 
112 801 0.60 u 
116 833 0.10 u 
116 821 1.50 u 
116 832 0.10 u 
116 832 0.30 u 
116 832 3.47 

116 833 1.20 u 
116 832 0.20 u 
116 832 0.30 u 
116 833 0.40 u 
116 825 0.13 u 
116 825 0.60 u 
116 833 0.10 u 
116 832 0.40 u 
116 832 100.00 u 
116 832 0.10 u 
116 833 0.13 u 

C2-166 

1,3,S-Trl 
methyl 
bemene 

0.70 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.13 u 
0.30 u 
0.30 u 
0.10 u 
0.80 u 
0.60 u 
0.10 u 
1.50 u 
0.10 u 
0.30 u 

10.55 

1.20 u 
0.20 u 
0.30 u 
0.40 u 
0.13 u 
0.60 u 
0.15 J 

0.40 u 
100.00 u 

0.10 u 
0.13 u 

1,2,4-Trl 
methyl 
bemene 

0.70U 

0.lOU 

O.lOU 

0.20U 

O.lOU 

0.13 u 
0.60U 

0.60U 

O.lOU 

0.80U 

0.60U 

0.20U 

l.50U 

0.20U 

0.30U 

16.31 

l.20U 

0.20U 

0.30U 

0.40U 

0.21 J 

0.60U 

0.491 

0.40U 

200.00U 

O.lOU 

0.27U 



Drum# Site 

ID76044 IRFETS 
ID76o5o RFETS 
D76054 RFETS 
D76098 RFETS 
076135 RFETS 
ID76136 RFETS 
ID7613B IRFETS 
D76142 IRFETS 
076143 RFETS 
076144 IRFETS 
ID76146 IRFETS 
076147 RFETS 
ID761B2 IRFETS 
D761B3 IRFETS 
ID761B5 IRFETS 
ID76187 IRFETS 
ID76189 IRFETS 
ID76192 IRFETS 
ID76194 IRFETS 
ID76195 ltlf°ETS 
!076196 IRFETS 
ID76199 IRFETS 
ID76200 RFETS 
076203 RFETS 
076205 IRFETS 
D76206 RFETS 
076217 RFETS 

Table C2-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified Inorganics 

Solidified Inorganics 

Solidified lnorganics 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Solidified Organics 

Solidified Organics 

Solidified Inorganics 

Solidified lnorganics 

Heterogeneous 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

116 831 0.27 u 

116 832 0.10 u 

116 831 0.30 u 

116 832 0.20 u 

112 801 26.67 u 

1 ll 803 0.40 u 

111 800 0.10 u 

ll 1 800 0.24 u 

111 803 0.30 u 

111 800 0.67 u 

0 292 0.10 u 

111 803 0.10 u 

I II 800 1.02 J 

I II 800 0.13 u 

111 800 0.10 u 

II I 803 0.50 u 

111 803 2.00 u 

111 803 0.10 u 

111 800 0.10 u 

112 801 480.00 u 

112 801 166.67 u 

ll 1 800 0.10 u 

ll2 801 633.33 u 

112 801 223.33 u 

111 800 0.10 u 

II I 803 0.40 u 

116 833 1.00 u 

~-167 

1,3,S-Trl 
methyl 

benzene 

0.27 u 

0.30 J 

0.30 u 

0.20 u 

26.67 u 

0.40 u 

0.10 u 

0.24 J 

0.30 u 

0.67 u 

0.10 u 

0.10 u 

0.70 u 

0.23 J 

0.10 u 

0.50 u 

2.00 u 

0.10 u 

0.10 u 

480.00 u 

166.67 u 

0.10 u 

633.33 u 

223.33 u 

0.10 u 

0.40 u 

1.00 u 

1,2,4-Trl 
methyl 
benzene 

0.27U 

0.80J 

0.30U 

0.40U 

53.33 u 

0.80U 

0.20U 

0.48U 

0.60U 

1.33 u 

0.20U 

O.lOU 

0.70U 

0.44J 

0.20U 

l.OOU 

4.00U 

0.20U 

0.20U 

480.00U 

3J3.33 u 

0.20U 

1266.6 u 

446.67U 

0.20U 

0.80U 

2.00U 



Drum# Site 

076282 RFETS 
D76283 RFETS 
ID76287 RFETS 
D76293 RFETS 
ID76302 RFETS 
ID76303 RFETS 
ID76305 RFETS 
ID76306 RFETS 
076362 RFETS 
076406 RFETS 
ID76437 RFETS 
ID76443 IRFETS 
ID76452 RFETS 
ID76454 IRFETS 
ID76456 IRFETS 
ID7646t IRFETS 
ID76463 IRFETS 
ID76470 IRFETS 
ID76587 IRFETS 
ID76596 IRFETS 
ID76627 IRFETS 
ID76630 RFETS 
ID76635 IRFETS 
ID76652 IRFETS 
ID76677 RFETS 
ID76710 RFETS 
1D16112 RFETS 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Croup 

Solidified Inorganics 

Solidified Organics 

Solidified Inorganics 

Heterogeneous 

Solidified lnorganics 

Solidified Inorganics 

Solidified lnorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Solidified Inorganics 

Heterogeneous 

Heterogeneous 

1,1,2,2-Tetra 
TruCon IDC chloro 

Code Code ethane 

11 ! 800 11.33 u 
112 801 90.00 u 
111 800 5.33 u 
116 833 0.40 u 
111 800 3.00 u 
111 803 0.27 u 
111 800 12.00 u 
116 833 0.80 u 
116 833 6.67 u 
116 831 0.10 u 
116 833 0.20 u 
116 825 0.30 u 
116 825 0.20 u 
116 825 0.10 u 
116 825 0.10 u 
116 825 0.30 u 
116 825 0.30 u 
111 803 0.10 u 
116 825 0.10 u 
116 825 0.10 u 
116 825 0.10 u 
116 825 0.10 u 
116 825 0.20 u 
116 833 0.10 u 
111 800 2.40 u 
116 833 2.00 u 
116 833 0.30 u 

C2-168 

1,3,S-Trl 
methyl 
benzene 

11.33 u 
90.00 u 

5.33 u 
0.40 u 
3.00 u 
0.27 u 

12.00 u 
0.80 u 
6.67 u 
0.10 u 
0.20 u 
0.30 u 
0.20 u 
0.10 u 
0.10 u 
0.30 u 
0.30 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.10 u 
0.20 u 
0.10 u 
2.40 u 
2.00 u 
0.30 u 

1,2,4-Trl 
methyl 
benzene 

22.67 u 
180.00U 

10.67U 

0.40U 

6.00U 

0.53 u 
24.00U 

0.80U 

13.33 u 
0.IOU 

0.20U 

0.33 J 

0.20U 

0.29J 

0.24J 

0.30U 

0.30U 

0.20U 

O.IOU 

O.lOU 

O.lOU 

0.18 J 

0.59J 

0.20U 

2.40U 

2.00U 

0.30U 



Drum# Site 

076715 RFETS 
ID7681 I RFETS 
ID76908 RFETS 
076911 RFETS 
077088 RFETS 
077227 RFETS 
077285 RFETS 
ID77621 IRFETS 
ID8o765 IRFETS 
1Dso112 IRFETS 
ID&0774 IRFETS 
1Dso116 IRFETS 

Table Cl-4 
WIPP WASTE CHARACTERIZATION DATA 

Gas Chromotography/Mass Spectrometry Results 
(all data in ppmv) 

Waste Matrix 
Code Group 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

Heterogeneous 

1,1,2,2-Tetra 1,3,S-Trl 
TruCon IDC chloro methyl 

Code Code ethane benzene 

116 832 0.20 u 0.20 u 

116 832 0.20 u 0.20 u 

116 833 0.10 u 0.10 u 

116 832 0.20 u 0.20 u 

116 833 0.20 u 0.20 u 

116 833 0.40 u 0.40 u 

116 833 0.20 u 0.20 u 

0 336 0.27 u 0.27 u 

116 833 0.20 u 0.20 u 

116 833 1.00 u 1.00 u 

116 833 3.10 u 3.10 u 

116 832 0.10 u 0.10 u 

-.. , 169 

1,2,4-Trl 
methyl 
benzene 

0.20U 

o.2ou· 

O.lOU 

0.40U 

0.40U 

0.80U 

0.20U 

0.53U 

0.20U 

1.00 u 

3.10 u 

O.IOU 



WIPP WASTE CHARACTERIZATION PROGRAM 
Gas Chromatography/Mass Spectrometry Results 

•a• means the reported value is an average of more than one result. 
•e• means the analyte was detected in the blank. 
11e means the analyte exceeded the calibration range 
• J" means the analyte was detected at or above the Method Detection Limit (MDL), 

but below the Program Required Quantitation Limit (PRQL). 
•u• means the analyte was undetected and reported at the MDL 
"D" means the analyte was quantitated from a secondary dilution. 

C2-170 
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TOTALS ANALYSIS VERSUS TOXICITY 
CHARACTERISTIC LEACHING PROCEDURE 

To demonstrate the appropriateness and conservatism of using totals analysis rather than the 
TCLP, consider the following example. Assume that a solid sample contains 100 milligrams per 
kilogram (mg/kg) of lead (Pb). The current TCLP regulatory level for Pb is 5 milligrams per liter 
(mg/L). This is comparable to a concentration of 5 mg/kg as demonstrated by the following 
calculation: 

5 mg Pb X 1 L solution X 
1 L solution 1000 milliliters (ml) solution 

1 ml solution X 1000 g solution _5 mg Pb/kg 
1 gram (g) solution 1 kg solution 

When one compares the predicted results of totals analysis and TCLP analysis on the same 
sample, the following is observed: 

Totals Analysis 

Analyzing a sample by totals analysis yields a result equal to the actual contaminant 
concentration in the sample (assuming that the instrument and the methodology are 100 percent 
accurate). 

Predicted result = 100 mg Pb/kg sample 

TCLP Analysis 

Assuming that 5 grams (g] (0.2 ounces (oz)) of sample is extracted and analyzed, 100 g of 
extraction fluid must be used (TCLP requires that the weight of extraction fluid must be 20 times 
the weight of the solid sample). Assuming that 100 percent of the lead in the sample is 
leachable, and as a result, is extracted into the solution where it will be detected in the analysis, 
the predicted concentration of the TCLP solution will be 5 mg/kg, as demonstrated in the 
following calculation: 
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5 g sample x 100 mg Pb x 1 kg sample 
1 kg sample lOOO g sample = 5 mg Pb/kg solution 

loo 1 ti
. 1 kg solution g so u on x ---=~---

1000 g solution 

These calculations demonstrate that, by conservatively assuming a 100 percent leaching 
efficiency, a concentration of 100 mg/kg obtained by totals analysis is comparable to a 
concentration of 5 mg/kg (or 5 mg/L) using TCLP (See Figure C3-1). As such, by using a 
regulatory level of 100 mg/kg for totals analysis for lead (i.e., 20 times the TCLP level), the U.S. 
Department of Energy (DOE) is taking a conservative approach to the regulation, because a 

mi~m:~t~i;:ii1,i~~i~l~~i:~ltit1ltJg:ii~l1,i~i·]illlllllllll'111{11~1~91:::J,~!i!~::9i~9m~r 
This approach was also addressed by the U.S. Environmental Protection Agency (EPA) in the 
preamble to a proposed rule issued in the Federal Register (FR) on October 24, 1991. In this 
preamble, the EPA stated the following: 

One could compare the numerical value of a potential TCLP standard to a theoretical 
maximum leaching level derived from a total constituent standard. One would have to 
assume that the entire amount of the toxicity characteristic constituent (as represented 
by the total constituent concentration at the level of the standard) would be extracted into 
an aqueous leaching medium. One would then have to account for the 20-fold dilution 
inherent in the TCLP analytical procedure. A theoretical maximum leaching value could, 
thus be calculated by dividing the numerical value of the total constituent treatment 
standard by a factor of 20 (56 FR 55167). 
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RTLS FOR TCLP ANALYSIS VS. RTLS FOR TOTALS ANALYSIS 

Analyte 

Metals and Semi-VOCsb 
Arsenic 
Barium 
Cadmium 
Chromium 
Cresols 
1,4-Dichlorobenzene 
2 ,4-Dinitrotoluene 
llexachlorobenzene 
llexachloroethane 
Lead 
Mercury 
Nitro benzene 
Pentachlorophenol 
Pyridine 
Selenium 
Silver 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
1, 2-Dichloroethane 
1, 1-Dichloroethy lene 
Methyl ethyl ketone 
Pyridine 
Tetrachloroethy lene 
Trichloroethy lene 
Vinyl chloride 

TCLP RTL Value 
(mg/kg) 

5.0 
100.0 
1.0 
5.0 
200.0 
7.5 
0.13 
0.13 
3.0 
5.0 
0.2 
2.0 
100.0 
5.0 
1.0 
5.0 

0.5 
0.5 
100.0 
6.0 
0.5 
0.7 
200.0 
5.0 
0.7 
0.5 
0.2 

Totals RTL Value 
(mg/kg)a 

100 
2000 
20 
100 
4000 
150 
2.6 
2.6 
60 
100 
4 
40 
2000 
100 
20 
100 

10 
10 
2000 
120 
10 
14 
4000 
100 
14 
10 
4 

•The calculations assume 1) the maximum amount of material suggested by the TCLP is used, 2) wastes are 100 percent 
solid (no liquid fraction), 3) the maximum amount of extraction fluid is used, and 4) all analytes are 100 percent soluble in 
the extraction fluid. 
bFor metals and semi-VOCs, RTL value (mg/kg) = (TC level, mg/L) (volume of extraction fluid, 2L)/(weight of sample, 
0.100 kg) 
<For VOCs, RTL value (mg/kg) = (TC level, mg/L) (volume of extraction fluid, 0.5 L)/(weight of sample, 0.025 kg) 
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TCLP 
I 

Extraction 

I 
Analysis~ 

I 
Result = 5 mg/kg 

x 20 (Extraction 
dilution factor) 

Solid sample of ill waste 
(I 00 mg/kg of lead) 

TOTALS 

Analysis 

100 mg/kg Result = 100 mg/kg 

FIGURE C3-1 
Comparison of TCLP and Totals Analyses for 100· mg/kg Lead Sample 
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WASTE CHARACTERIZATION SAMPLING METHODS 

Headspace-Gas Sampling 

Method Requirements 

2 

3 

4 

All sampling must be accomplished within a radiation containment area (e.g., glovebox or 5 

hot/warm cell).. The configuration of the containment area and remote-handling equipment at 6 

each sampling facility are expected to differ. A description of the containment area and remote- 7 

handling equipment must be provided in the site quality assurance project plan (QAPjP). 8 

Headspace-gas samples WllJ.:':p~::@D.i~:[;f§.f,fer the Eleterminatien et the analytes listed in Table 9 

C~:l of Appendix C&§ .. Riij6ffi:\siYdedh'e.se listeEl in Table C6 1 et AppenElix C6. 10 

Manifold 11 

This headspace gas sampling protocol employs a multiport manifold capable of collecting 12 

multiple simultaneous headspace samples for analysis and quality control (QC) purposes. The 13 

sampling equipment must be leak checked and cleaned prior to first use and as needed 14 

thereafter. The manifold and sample canisters must be evacuated to 0.0039 inches (in.) (0.10 15 

millimeters [mm]) mercury (Hg) prior to sample collection. Cleaned and evacuated sample 16 

canisters must be attached to the evacuated manifold before the manifold inlet valve is opened. 17 

The manifold inlet valve must be attached to a changeable filter connected to different sampling 18 

head(s), depending on the layer of confinement to be sampled. The sampling head(s) must be 19 

capable of punching through the metal lid of the drum or penetrating a carbon-composite filter 20 

and puncturing polyethylene (poly) bags. 21 

The manifold must also be equipped with a purge assembly that allows equipment blanks, field 22 

reference standard, and field duplicates to be collected through the entire manifold, from the 23 

needle tip through all of the same manifold components that the drum headspace gas passes 24 

through. Field blanks shall be samples of room air collected in the sampling area in the 25 

immediate vicinity of the layer of confinement to be sampled. Field blanks are collected directly 26 

into the canister, without the use of the manifold. 27 

The manifold, the associated sampling heads, and the headspace-gas sample volume 28 

requirements must be designed to ensure that a representative sample is collected. The 29 

manifold internal volume must be calculated and documented in the field logbook. The total 30 

volume of headspace gases collected during each sampling operation can be determined by . 31 

adding the combined volume of the canisters attached to the manifold to the internal volume of 32 

the manifold. When an estimate of the available headspace gas volume can be made, less than 33 

10 percent of that volume should be withdrawn. 34 

As illustrated in Figure C4-1, the sampling manifold must consist of a sample side and a 35 

standard side. The dotted line indicates how the sample side shall be connected to the standard 36 
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1 side for cleaning and collecting equipment blanks and field reference standards. The sample 
2 side must consist of the following major components: 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
40 

41 

42 
43 

44 

45 

46 

47 

• An applicable sampling head that forms a leak-tight connection with the 
headspace sampling manifold. 

• A flexible hose that allows movement of the sampling head from the purge 
assembly (standard side) to the waste container. 

• A pressure sensor(s) that must be pneumatically connected to the manifold. This 
manifold pressure sensor(s) must be able to measure absolute pressure in the 
range from 0.002 in. (0.05 mm) Hg to 39.3 in. (1,000 mm) Hg. Resolution must 
be ±0.0002 in. (0.005 mm) Hg at 0.0020 in. (0.05 mm) of Hg. The manifold 
pressure sensor(s) must have an operating range from approximately 59°F (15°C) 
to 104°F (40°C). 

Ports for attaching sample canisters. A sufficient number of ports must be 
available to allow simultaneous collection of headspace-gas samples and 
duplicates for volatile organic compounds (VOC) analyses. Ports not occupied 
with sample canisters during cleaning or headspace-gas sampling activities 
require a plug to prevent ambient air from entering the system. In place of using 
plugs, sites may choose to install valves that can be closed to prevent intrusion 
of ambient air into the manifold. Ports must have VCR® fittings for connection to 
the sample canister(s) to prevent degradation of the fittings on the canisters and 
manifold. 

• Sample canisters, as illustrated in Figure C4-2, that are leak-free, welded 
stainless steel pressure vessels, with a chromium-nickel oxide (Cr-NiO) 
SUMMA®- passivated interior surface, bellows valve, and a pressure/vacuum 
gauge. All sample canisters must have VCR® fittings for connection to sampling 
and analytical equipment. The pressure/vacuum gauge must be mounted on 
each canister. It must be helium-leak tested to 1.5x10-7 standard cubic 
centimeters per second (cc/sec), have all stainless steel construction, and be 
capable of tolerating temperatures to 125°C. The gauge range must be able to 
indicate from 30 pounds per square inch gravity (psig) pressure to a vacuum of 
30 in. (762 mm) Hg. 

• A dry vacuum pump with the ability to reduce the pressure in the manifold to 0.05 
mm Hg. A vacuum pump that requires oil may be used, but precautions must be 
taken to prevent diffusion of oil vapors back to the manifold. Precautions may 
include the use of a molecular sieve and a cryogenic trap in series between the 
headspace sampling ports and the pump. 

A minimum distance between the tip of the needle and the valve that isolates the 
pump from the manifold in order to minimize the dead volume in the manifold. 
The outer diameter of the system's tubing must be 1 /8 in. (3.1750 mm). 
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• An organic vapor analyzer (OVA) that is capable of detecting all analytes listed 1 

in Table ~of Appendix CS$. The OVA must be capable of measuring total 2 

VOC concentrations as low as 0.1 parts per million (ppm). Detection of 3 

1, 1,2-trichloro-1,2,2-trifluoroethane may not be possible if a photoionization 4 

detector is used. The OVA measurement must be confirmed by the collection of 5 

equipment blanks at the frequency specified in Section C4-1 to check for manifold 6 

cleanliness. 1 

The standard side must consist of the following major elements: 8 

• A cylinder of compressed zero air, helium, or nitrogen to clean the manifold 9 

between samples and to provide gas for the collection of equipment blanks. 10 

These high-purity gases must be certified by the manufacturer to contain less 11 

than one ppm total VOCs. The gases must be metered into the standard side of 12 

the manifold by two-stage stainless steel regulators. Alternatively, a zero air 13 

generator may be used provided a sample of the zero air is collected and 14 

demonstrated to contain less than one ppm total VOCs. Zero air from a generator 15 

must be humidified. 16 

• Cylinders of field-reference standard gases to provide gases for evaluating the 11 

accuracy of the headspace-gas sampling process. Each cylinder of field- 18 

reference gas must have a flow-regulating device. The field-reference standard 19 

gases must be certified by the manufacturer to contain known analytes at known 20 

concentrations. 21 

A humidifier filled with American Society for Testing and Materials (ASTM) Type 22 

II water, connected, and opened to the standard side of the manifold between the 23 

compressed gas cylinders and the purge assembly. Dry gases flowing to the 24 

purge assembly will pick up moisture from the humidifier. Moisture is added to 25 

the dry gases to condition the equipment blanks and field-reference standards 26 

and to assist with system cleaning between headspace-gas sample collection. 21 

NOTE: Caution should be exercised to isolate the humidifier during the 28 

evacuation of the system to prevent flooding the manifold. In lieu of the 29 

humidifier, the compressed gas cylinders (e.g., zero air and field-reference 30 

standard gas) may contain water vapor in the concentration range of 1,000 to 31 

10,000 parts per million by volume (ppmv). 32 

• A purge assembly that allows the sampling head (sample side) to be connected 33 

to the standard side of the manifold. The ability to make this connection is 34 

required to transfer gases from the compressed gas cylinders to the canisters. 35 

This connection is also required for system cleaning. 36 

• A flow-indicating device that is connected downstream of the purge assembly to 37 

monitor the flow rate of gases through the purge assembly. The flow rate through 38 

the purge assembly must be monitored to assure that excess flow exists during 39 

cleaning activities and during equipment blank and field-reference standard 40 
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1 collection. Maintaining excess flow will prevent ambient air from contaminating 
2 the equipment blanks and field-reference standards and allow samples of gas 
3 from the compressed gas cylinders to be collected near ambient pressure. 
4 

s In addition to a manifold consisting of a sample side and a standard side, the area in which the 
6 manifold is operated must contain sensors for measuring ambient pressure and ambient 
7 temperature, as follows: 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

• The ambient-pressure sensor must have a sufficient measurement range for the 
ambient barometric pressures expected at the sampling location. It must be kept 
in the sampling area during sampling operations. Its resolution must be 1.0 mm 
Hg or less, and calibration must be based on National Institute of Standards and 
Technology (NIST), or equivalent, standards. 

• The temperature sensor must have a sufficient measurement range for the 
ambient temperatures expected at the sampling location. The temperature sensor 
calibration must be traceable to NIST, or equivalent, standards. 

19 Direct Canister 
20 

21 This headspace gas sampling protocol employs a canister-sampling system to collect 
22 headspace-gas samples for analysis and QC purposes without the use of the manifold described 
23 above. Rather than attaching sampling heads to a manifold, in this method the sampling heads 
24 are attached directly to an evacuated sample canister as shown in Figure C4-3. 
25 

26 Canisters must be evacuated to 0.0039 in (0.10 mm) Hg prior to use and attached to a 
21 changeable filter connected to the appropriate sampling head, depending on the layer of 
28 confinement to be sampled. The sampling head(s) must be capable of punching through the 
29 metal lid of the drums and the rigid 90-mil liner or penetrating a carbon-composite filter to obtain 
30 the drum headspace samples and puncturing poly bags. Field duplicates must be collected at 
31 the same time, in the same manner, and using the same type of sampling apparatus as used 
32 for headspace-gas sample collection. Field blanks must be samples of room air collected in the 
33 immediate vicinity of the waste-drum sampling area prior to removal of the drum lid. Equipment 
34 blanks and field-reference standards must be collected using a purge assembly equivalent to the 
35 standard side of the manifold described above. These samples must be collected from the 
36 needle tip through the same components (e.g., needle and filter) that the headspace-gas 
37 samples pass through. 
38 

39 The sample canisters, associated sampling heads, and the headspace-sample volume 
40 requirements ensure that a representative sample is collected. When an estimate of the 
41 available headspace-gas volume can be made, less than 10 percent of that volume should be 
42 withdrawn. A determination of the sampling head internal volume must be made and 
43 documented. The total volume of headspace gases collected during each headspace gas 
44 sampling operation can be determined by adding the volume of the sample canister(s) attached 
45 to the sampling head to the internal volume of the sampling head. Every effort must be made 
46 to minimize the internal volume of sampling heads. 
47 
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Each sample canister used with the direct canister method must have a pressure/vacuum gauge 
able to indicate from 30 psig pressure to a vacuum of 30 in. (762 mm) Hg. Canister gauges are 2 

intended to be gross leak-detection devices not vacuum-certification devices. If a canister 3 

pressure/vacuum gauge indicates an unexpected pressure change, determine if the change is 4 

a result of ambient temperature and pressure differences or a canister leak. Prior to sampling, 5 

canisters must be evacuated to 0.0039 in. (0.10 mm) Hg. This gauge must be helium leak- 6 

tested to 1.5 x 10-7 standard cc/sec, have all stainless steel construction, and be capable of 7 

tolerating temperatures to 125°C. 8 

The SUMMA® sample canisters must be used when sampling each layer of confinement in the 9 

drum. Three different sampling heads for attachment to the sample canister are described 10 

below. These heads must form a leak-tight connection with the canister and allow sampling 11 

through the drum-lid carbon-composite filter, through the drum lid itself and through the poly 12 

bags, both the 55-gallon (gal) (208-liter [L]) and the innermost layer. Figure C4-3 illustrates the 13 

direct canister-sampling equipment with the poly bag sampling head attached. 14 

Sampling Heads 15 

A sample of the headspace gas directly under the drum lid must be collected from within the 16 

drum. Two methods, sampling through the carbon filter and sampling through the drum lid, have 11 

been developed for collecting a representative sample. 18 

Sampling Through the Carbon Filter 19 

To sample the drum-headspace gas through the drum's carbon-composite filter, a side-port 20 

needle (i.e., a hollow needle sealed at the tip with a small opening on its side close to the tip) 21 

must be pressed through the filter and into the headspace beneath the drum lid. This permits 22 

the gas to be drawn into the manifold or directly into the canister(s). This procedure is described 23 

in detail in the Methods Manual and is specific to a type of carbon-composite filter that permits 24 

insertion of the needle. To assure that the sample collected is representative, all of the general 25 

method requirements, sampling apparatus requirements, and QC requirements described in this 26 

section must be met in addition to the following requirements that are pertinent to drum 27 

headspace-gas sampling through the carbon filter: 28 

The lid of the drum's 90-mil poly liner must contain a hole for venting to the drum. 29 

If headspace-gas samples are collected prior to venting the 90-mil liner, a 30 

nonconformance report must be prepared, submitted, and resolved. 31 

For sample collection, the drum's carbon-composite filter must be sealed as 32 

specified in the Methods Manual, or equivalent, to prevent outside air from 33 

entering the drum and diluting and/or contaminating the sample. 34 

The sampling head for collecting drum headspace by penetrating the carbon-composite filter 35 

must consist of a side-port needle, a filter to prevent particles from contaminating the gas 36 

sample, and an adapter to connect the two. To prevent cross contamination, the sampling head 37 

must be cleaned or replaced after sample collection, after field-reference standard collection, and 38 

after field-blank collection. The following requirements must also be met: 39 
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• The housing of the carbon-composite filter must allow insertion of the sampling 
needle through the filter element into the drum headspace. 

• The side-port needle must be used to reduce the potential for plugging. 

• The purge assembly must be modified for compatibility with the side-port needle. 

8 Sampling Through the Drum Lid 
9 

10 Sampling through the drum lid must be performed when the drum's carbon-composite filter does 
11 not permit insertion of the side-port needle. To sample the drum-headspace gas through the 
12 drum lid, the lid must be breached using a sparkless punch. The punch must form an airtight 
13 seal between the drum lid and the manifold or direct canister. To assure that the sample 
14 collected is representative, all of the general method requirements, sampling apparatus 
15 requirements, and QC requirements must be met in addition to the following requirements: 
16 

11 • The seal between the drum lid and sampling head must be designed to minimize 
18 intrusion of ambient air. 
19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

• All components of the drum-punch sampling system that come into contact with 
sample gases must be purged with humidified zero air, nitrogen, or helium prior 
to sample collection. 

Equipment blanks and field reference standards must be collected through all the 
components of the punch that contact the headspace-gas sample. 

• Pressure must be applied to the sparkless punch until the drum lid has been 
breached. Then the punch must be backed out to expose the headspace gas. 

• Provisions must be made to relieve potential drum pressure increases during 
drum-punch operations: pressure increases may occur during sealing of the drum 
punch to the drum lid. 

The lid of the drum's 90-mil poly liner must contain a hole for venting to the drum. 
If headspace-gas samples are collected prior to venting the 90-mil liner, a 
nonconformance report must be prepared, submitted, and resolved. 

• During sampling, the drum's carbon-composite filter, if present, must be sealed 
to prevent outside air from entering the drum. 

41 Sampling through the drum lid must be accomplished using the drum punch described in the 
42 Methods Manual (Procedure 110.4), or an equivalent. The same type of sampling head as used 
43 for the 55-gal (208-L) poly bag sampling must be pneumatically connected to the drum punch 
44 to provide a seal between the drum lid and the manifold or direct canister. The following 
45 requirements must also be met: 
46 
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A flow-indicating device to verify excess flow of QC gases {fP.(i§j$.j@ljjipg(g@) must 1 

be pneumatically connected downstream of the drum punch and operated in the 2 

same manner as the flow-indicating device described in the "Manifold" section. 3 

Equipment must be used adequately to secure the drum-punch sampling system 4 

to the drum lid. 5 

Provisions must be made to prevent the punch from rotating as it is pressed 6 

through the drum lid. 7 

Sampling Through 55-gal (208-L) Bag 8 

In addition to collecting headspace gas samples directly under the drum lid, drums requiring 9 

visual examination must have their lids removed, and the headspace gas within the innermost 10 

55-gal (208-L) poly bag must be sampled if there is at least 1 L of headspace available. The 11 

sample must be collected from the 55-gal (208-L) poly bag regardless of the condition of the bag 12 

(e.g., breached or tom). The headspace gas must be drawn into the manifold or direct canister 13 

through a needle that punctures the bag to access the bag's headspace. 14 

Holding the needle in the headspace, the operator must open the inlet valve of the manifold or 19 

direct canister to allow headspace gas to expand into the evacuated canister(s). Care should 20 

be taken to prevent placing the tip of the clean needle in an area where solid material or 21 

particulate matter might fill or clog the needle. Once the canister(s) has filled, the operator must 22 

close the inlet valve and prepare the canister(s) for shipment. 23 

Sampling Through Innermost Layer 24 

For drums requiring visual examination that have innermost layers of confinement (e.g., bags 25 

inside the drum's 55-gal [208-L] poly bag), all of the innermost layers of confinement (i.e., the 26 

poly bag layer closest to the waste) that meet the following minimum criteria must be sampled: 27 

• The innermost layer of confinement must have a minimum of 0.3 gal. (1 L) of 2a 
headspace gas from which a representative 100-ml sample must be withdrawn. 29 

A 250-ml sample may be collected if there is enough available headspace gas 30 

(0.7 gal [2.5 L] minimum). When field duplicates are collected, twice the available 31 

headspace gas must be present. 32 

• Headspace gas contained within rigid innermost layers of confinement (e.g., glass, 33 

metal, and rigid plastic containers) will not be sampled, but the external poly bag 34 

closest to the rigid container must be sampled if a minimum of 1 L of headspace 35 

is available in the poly bag. 36 
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The sampling operator must determine and document in writing, in accordance with site standard 
operating procedures (SOP), which innermost layers of confinement contain sufficient headspace 
gas for sampling. This documentation must include the innermost layer of confinement 
identification number and estimated available headspace volume (less than 1 L, greater than 1 L, 
or greater than 2.5 L). Site SOPs must address how information is to be documented when the 
estimated available headspace volume is less than 1 L. 

To accomplish innermost layer of confinement sampling, the operator must first determine 
whether to use a 100-ml or a 250-ml sample canister. If the innermost layer of confinement 
to be sampled contains at least 0.3 gal. (1 L) but not more than 0.7 gal. (2.5 L) of available 
headspace gas, a 100-ml sample canister must be used. If the innermost layer of confinement 
to be sampled contains greater than 2.5 L of available headspace, then a 250-ml sample 
canister may be used. In all cases, the maximum allowable sample volume should be collected. 
Once the appropriate sample canister size has been determined, the operator can sample in the 

;;;~rit~~ii:~i~:::fici@~~i~iEia1 <2oa-L) poly bag. w.@1!1J:e1~J::p11~og,,::::Hmem::::ti9'9~os 

18 C4-1 b Quality Control 
19 

20 Field QC samples must be collected on a per sampling batch basis. A sampling batch is a suite 
21 of samples collected consecutively using the same sampling equipment within a specific time 
22 period. A sampling batch can be up to 20 samples (excluding QC samples), all of which must 
23 be collected within 14 days of the first sample in the batch. Table C4-2 provides a summary of 
24 field QC sample collection requirements. Table C4-3 provides a summary of QC sample 
2s acceptance criteria. 
26 

21 The site project ()µ~l.i.Mi: ~Uti#i@~fl(QA) officer shall have the responsibility to monitor and 
28 document field QC sample results and fill out a nonconformance report if acceptance criteria are 
29 not met. The site project manager shall have the responsibility to ensure appropriate corrective 
30 action is taken if acceptance criteria are not met. 
31 

32 Field Blanks 
33 

34 Field blanks must be collected to evaluate background levels of program-required analytes. 
35 Field blanks must be collected prior to sample collection, and at a frequency of one per sampling 
36 batch. The site project manager shall use the field blank data to assess impacts of ambient 
37 contamination, if any, on the sample results. If the concentration of any VOC in a field blank 
38 exceeds three times the method detection limits (MDL) for that VOC in Table C9-4if! of 
39 Appendix C~. nonconformance must be initiated and resolved. .w .. w .. 

40 

41 Equipment Blanks 
42 

43 Equipment blanks must be collected to assess cleanliness prior to first use of all sampling 
44 equipment. After the initial cleanliness check, equipment blanks collected through the manifold 
45 must be collected at a frequency of one per sampling batch for VOC analysis. If the direct 
46 canister method is used, field blanks may be used in lieu of equipment blanks. The site project 
47 manager shall use the equipment blank data to assess impacts of potentially contaminated 
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sampling equipment on the sample results. Equipment blank results shall be acceptable if the 1 

concentration of each voe analyte is less than three times the MDL listed in Table c~g in 2 
Appendix ~· ········ 3 

Field Reference Standards 4 

Field reference standards shall be used to assess the accuracy with which the sampling 5 

equipment collects VOC samples into SUMMA® canisters prior to first use of the sampling s 
equipment. Field reference standards must contain a minimum of six of the analytes listed in 1 

Table C9-4$.t~ in Appendix Ci$ at concentrations within a range of 0 to 100 ppmv. Field a 
reference sfiindards must have a known valid relationship to a nationally recognized standard 9 

(e.g., NIST). If commercial gases are used, a Certificate of Analysis from the manufacturer 10 

documenting traceability is required. Commercial stock gases must not be used beyond their 11 

manufacturer-specified shelf life. After the initial accuracy check, field reference standards 12 

collected through the manifold must be collected at a frequency of one per sampling batch and 13 

submitted blind to the analytical laboratory. For the direct canister method, field reference 14 

standard collection may be discontinued if the field reference standard results demonstrate the 15 

quality assurance objectives (QAO) for accuracy specified in Appendix Ce§. Field reference 1s 
standard results shall be acceptable if the accuracy is 70 to 130 percent recovery (R). 11 

Field Duplicates 18 

Field duplicate samples must be collected simultaneously and in accordance with Table C4-1 19 

and submitted blind to the analytical laboratory to assess the precision with which the sampling 20 

procedure can collect samples into SUMMA® canisters. Field duplicate results shall be 21 

acceptable if the relative percent difference (RPO) is less than or equal to 25. 22 

23 

~~e~~;i&~•,wa1~~: 
=~r!E!~l!iwt«im- ~: 
pu,viged in ttH~ tmg~iji!!i:::m@nt.JtM~ 9~~ning.r~§4i~m~il::::@ti.Hiiiint~::::§@fil~······································ 30 

31 
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1 C4-2 Sampling of Homogenous Solids and Soil/Gravel 
2 

3 C4-2a Method Requirements 
4 

5 The methods used to collect samples of tt@fi$!iil.rlfi@TRU waste classified as homogenous solids 
6 and soil/gravel from waste containers niusfbe .. such that the samples are representative of the 
7 waste from which they were taken. To minimize the quantity of investigation-derived waste, 
8 laboratories conducting the analytical work may require no more sample than is required for the 
9 analysis, based on the analytical methods. Therefore, sampling must be conducted to collect 

10 samples in accordance with the QAO specifications as described below. 
11 

12 Core Collection 
13 

14 Coring tools must be used to collect cores of homogenous solids and soil/gravel from waste 
15 containers, when possible, in a manner that minimizes disturbance to the core. A rotational 
1s coring tool, (i.e., a tool that is rotated longitudinally), similar to a drill bit, to cut, lift the waste 
11 cuttings, and collect a core from the bore hole, must be used to collect sample cores from 
18 containers of the waste. For homogenous solids and soil/gravel that are relatively soft, 
19 nonrotational coring tools may be used in lieu of a rotational coring tool. 
20 

21 To provide a basis for describing the requirements for core collection, diagrams of a rotational 
22 coring tool (i.e., a light weight auger) and a nonrotational coring tool (i.e., a thin-walled sampler) 
23 are provided in Figures C4-4 and C4-5, respectively. Each has been tested for its ability to 
24 collect a vertical core of simulated solidified waste contained in 55-gal (208-L) drums and 1-gal 
25 (3.8-L) poly bottles (EG&G 1994). The nonrotational coring tool has demonstrated core 
26 recoveries greater than 88 percent for soft simulated wastes. The rotational coring tool has 
21 demonstrated core recoveries greater than 75 percent for soft simulated wastes and greater than 
28 94 percent for hard simulated wastes. 
29 

30 The following requirements apply to the use of coring tools: 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

Each coring tool must contain a removable tube (liner) that is constructed of fairly 
rigid material unlikely to affect the composition and/or concentrations of target 
analytes in the sample core (e.g., Teflon®). Site QAPjPs must document that 
analytes of concern are not likely to be present in liner material. Liner outer 
diameter is recommended to be no more than 2 in. and no less than 1 in. Liner 
wall thickness is recommended to be no greater than 1/16 in. Before use, the 
liner must be cleaned in accordance the requirements in Section C4-2b. The liner 
must fit flush with the inner wall of the coring tool and must be of sufficient length 
to hold a core that is representative of the waste along the entire depth of the 
waste. The liner material must have sufficient transparency to allow visual 
examination of the core after sampling. If sub-sampling is not conducted 
immediately after core collection and liner extrusion, then end caps constructed 
of material unlikely to affect the composition and/or concentrations of target 
analytes in the core (e.g., Teflon®) must be placed over the ends of the liner. 
End caps must fit tightly to the ends of the liner. 
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• A spring retainer, similar to that illustrated in Figures C4-4 and C4-5, must be 1 

used with each coring tool when the physical properties of the waste are such that 2 

the waste may fall out of the coring tool's liner during sampling activities. The 3 

spring retainer must be constructed of relatively inert material (e.g., stainless steel 4 

or Teflon®) and its inner diameter must 9&-not be less than the inner diameter of 5 

the liner. Before use, spring retainers must be cleaned in accordance with the 6 

requirements in Section C4-2b. 7 

• Coring tools must have an air-lock mechanism that opens to allow air inside the 8 

liners to escape as the tool is pressed into the waste (e.g., ball check valve). This 9 

air lock mechanism must also close when the core is removed from the waste 10 

container. 11 

After disassembling the coring tool, a device (extruder) to forcefully extrude the 12 

liner from the coring tool must be used if the liner does not slide freely. All 13 

surfaces of the extruder that may come into contact with the core must be 14 

cleaned in accordance with the requirements in Section C4-2(b) prior to use. 15 

Coring tools must be of sufficient length to hold the liner and must be constructed 16 

to allow placement of the liner leading edge as close as possible to the coring 11 

tools leading edge. 18 

All surfaces of the coring tool that have the potential to contact the sample core 19 

must be cleaned in accordance with the requirements in Section C4-2(b) prior to 20 

use. 21 

The leading edge of the coring tools must be sharpened and tapered to a 22 

diameter equivalent to, or slightly smaller than, the inner diameter of the liner. 23 

Based on tests conducted with the coring tools described in the Methods Manual, 24 

a diameter slightly smaller (e.g., 1/10 of an in.) has demonstrated a reduction in 25 

the drag of the homogenous solids and soil/gravel against the internal surfaces 26 

of the liner, thereby enhancing sample recovery. 21 

• Rotational coring tools must have a mechanism to prevent the liner inside the 28 

coring tool from rotating with the coring tool during coring activities, thereby 29 

minimizing physical disturbance to the core. 30 

Rotational coring must be conducted in a manner that minimizes transfer of 31 

frictional heat to the core, thereby minimizing potential loss of voes. 32 

Nonrotational coring tools must be designed such that the tool's kerf width is 33 

minimized. Kerf width is defined as one-half of the difference between the outer 34 

diameter of the tool and the inner diameter of the tool's inlet. 35 
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1 Sample Collection 
2 

3 Sampling must be conducted in accordance with the following requirements: 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 C4-2b 
42 

• Sampling must be conducted as soon as possible after core collection. If a 
substantial delay (i.e., more than 60 minutes) is expected between core collection 
and sampling, the core must remain in the liner and the liner must be capped at 
each end. If the liner is not extruded and capped, then two alternatives are 
permissible: 1) the liner must be left in the coring tool and the coring tool must 
be capped at each end, and 2) the coring tool must remain in the waste container 
with the air lock mechanism attached. 

• Samples of homogenous solids and soil/gravel for VOC analyses must be 
collected prior to extruding the core from the liner. The sampling location must 
be randomly selected along the long axis of the liner and access to the waste 
must be gained by making a perpendicular cut through the liner and the core. 
A sampling device such as the metal coring cylinder described in ASTM 
Designation: 4547-91 (ASTM 1991a), or modified disposable syringe described 
in Procedure 120.1 of the Methods Manual, or equivalent, must be immediately 
used to collect tR&~U:J:gj[:@m sample once the core has been exposed to air. 
Immediately after samp.ie ·collection, the sample must be extruded into a 
40-mL M91~t!m lf.iin!i!:iiii,p~l,ili!iiii(VOA) vial, the top rim of the vial visually 
inspected and wiped clean of any waste residue, and the vial cap secured. 
§~rnpt,~::in~nfi~@a:::t.!9.!~r!ilili:ii!i:i::9~ii,t,::::19:::wilii::111;: Additional guidance 
for this type of sampling can be found in Soil Sampling and Analysis for Volatile 
Organic Compounds (EPA, 1991 ). 

• Samples of the homogenous solids and soil/gravel for !@ffi[ii\YP~l@i:!pfg@tjlq 
pgfrjppgqq·(SVOC), PCB, and metals analyses must be colleded. These ·sam.ples 
may be collected from the same location and in the same manner as the 
sample(s) collected for voe analysis, or they may be collected by splitting or 
compositing a representative subsection of the core. m@=::::rliti!!n~llvi 
sqp~¢Y9nf~ ¢no~1en §I f@f:idoffllY: ~t~~ms:i~i~99:@~!sn::!!9na.::1Ji]:iF9ii:·· Guidance 
for splitting and compositing solid materials can be found in "Standard Practice 
for Reducing Field Samples of Aggregate to Testing Size" (ASTM, 1987). All 
surfaces of the sampling tools that have the potential to come into contact with 
the sample must be constructed of materials unlikely to affect the composition or 
concentrations of target analytes in the waste (e.g., Teflon®). §lffii!i},il@!i:i,gg 
Ji.~m:11.in9 ~;µmarn~H~~ ~~~ ?~ljp~g ~oi::i!Pt~::::gf ii:f~ ··· · ··· ·········· ·u ......... •••••••••••••••• 

Quality Control 

43 QC requirements for sampling of homogenous solids and soil/gravel include collection of 
44 collocated cores to determine precision; equipment blanks to verify cleanliness of the coring tools 
45 and sampling equipment; and analysis of reagent blanks to ensure reagents, such as deionized 
46 or high pressure liquid chromatography (HPLC) water, are of sufficient quality. Coring and 
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sampling of homogenous solids and soil/gravel must comply, at minimum, with the following QC 1 

requirements. 2 

Co-located Cores 3 

In accordance with the requirement to collect field duplicates required by Jiti¥Jr9nm~I 4 

~~~~-~·!~ 
as feasible to one another, handled in the same manner, visually inspected through the 9 

transparent liner, and sampled in the same manner at the same randomly selected sample 1 o 
location. If the visual examination detects inconsistencies IU¢O'':il@#.ii!it.¥~Y.~H:J!f:ig~fii=~yp~; 11 

in the waste at the sample location, another sampling locati.on"friay"be""randomly seledeC:( or the 12 

cores may be invalidated and co-located cores may again be collected. Co-located cores must 13 

be collected at a frequency of one per sampling batch or one per week during sampling 14 

operations, whichever is more frequent. A sampling batch is a suite of homogenous solids and 15 

soil/gravel samples collected consecutively using the same sampling equipment within a specific 15 

time period. A sampling batch can be up to 20 samples (excluding field QC samples), all of 17 

which must be collected within 14 days of the first sample in the batch. Samples collected from 18 

co-located cores must be submitted blind to the analytical laboratory. 19 

Equipment Blanks 20 

In accordance with SW-846, equipment blanks must be collected from fully assembled coring 21 

tools prior to first use at a frequency of one per equipment cleaning batch. An equipment 22 

cleaning batch is the number of sampling equipment items cleaned together at one time using 23 

the same cleaning method. The equipment blank must be collected from the fully assembled 24 

coring tool, in the area where the coring tools are cleaned, prior to covering with protective 25 

wrapping and storage. The equipment blank must be collected by pouring clean water (e.g., 26 

deionized water, HPLC water) down the inside of the liners of the assembled coring tool. The 27 

water must be collected in a clean sample container placed at the leading edge of the coring tool 28 

and analyzed for the analytes listed in Tables Ce-58~. C~i§, and C~i of Appendix C9$. 29 

The results of the equipment blank will be considered acceptable if the an.alysis indicates rio 30 

analyte at a concentration greater than three times the MDLs listed in Tables C~ and 31 

Ce-78--6 or in the Program Required Detection Limits (PRDL) in Table C9-8$t.$ of Appendb( ·cea. 32 

If analytes are detected at concentrations greater than three times the MDLs;ihen the associated 33 

equipment cleaning batch of coring tools must be cleaned again and another equipment blank 34 

collected. 35 

Equipment blanks must be collected from liners that are cleaned separately from the coring tools. 36 

These equipment blanks must be collected at a frequency of one per equipment cleaning batch. 37 

The equipment blanks must be collected by randomly selecting a liner from the equipment 38 

cleaning batch, pouring clean water (e.g., deionized water or HPLC water) across its internal 39 

surface, collecting the water in a clean sample container, and analyzing the water for the 40 

analytes listed in Tables Ce-a$@;~ Ce-7$4$, and the PRDLs in C~ of Appendix Ce$. The 41 

results of the equipment blank analysis wiil be considered acceptable if the results indicate no 42 
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1 analyte at a concentration greater than three times the MDLs listed in Tables ~. ~. 
2 or C9-8fH'$ of Appendix CeS. If analytes are detected at concentrations greater than three times 
3 the MDLs (or PRDLs for metals), then the associated equipment cleaning batch of liners must 
4 be cleaned again and another equipment blank collected. 
5 

6 Sampling equipment (e.g., bowls, spoons, chisel, VOC sub-sampler) must also be cleaned. 
1 Equipment blanks must be collected for the sampling equipment at a frequency of one per 
a equipment cleaning batch. After the sampling equipment has been cleaned, one item from the 
9 equipment cleaning batch is randomly selected, water (e.g., deionized water, HPLC water) is 

10 passed over its surface, collected in clean container, and analyzed for the analytes listed in 
11 Tables ~. ~. and ~ti of Appendix c91. The results of the equipinent blank will 
12 be considered. acceptabie if the res"lifa; indicate no analyte present at a concentration greater 
13 than three times the MDLs listed in Tables C~ and~ and in the PRDLs in Ce-8$f9 
14 of Appendix Ca$. If analytes are detected at conce'ntrations g.re.ater than three times the MDL~ 
15 (or PRDLs for metals), then the associated equipment cleaning batch of sampling equipment 
16 must be cleaned again and another equipment blank collected. 
17 

1a The results of equipment blanks must be traceable to the items in the equipment cleaning batch 
19 that the equipment blank represents. It is recommended that the equipment blank results forthe 
20 coring tools, liners, and sampling equipment be reviewed prior to use. A sufficient quantity of 
21 these items should be maintained in storage to prevent disruption of sampling operations. 
22 

23 A site may choose to discard liners and sampling tools after one use. In this instance, cleaning 
24 and equipment blank collection is not required. 
25 

26 Coring Tool and Sampling Equipment Cleaning 
27 

28 Coring tools and sampling equipment must be cleaned in accordance with the following 
29 requirements: 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

All surfaces of coring tools and sampling equipment that will come into contact 
with the core and the samples must be clean prior to use. All items of sampling 
equipment must be cleaned in the same manner. Immediately following cleaning, 
coring tools and sampling equipment must be assembled and sealed inside clean 
protective wrapping. 

Each coring tool must have a unique identification number. Each number must 
be referenced to the waste container on which it was used. This information must 
be recorded in the field records. One coring tool from the equipment cleaning 
batch must be tested for cleanliness in accordance with the requirements 
specified above. The identification number of the coring tool from which the 
equipment blank was collected must be recorded in the field records. The results 
of the equipment blank analysis for the equipment cleaning batch in which each 
coring tool was cleaned must be submitted to the sampling facility with the 
identification numbers of all coring tools in the equipment cleaning batch. 
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• Sample containers must be cleaned in accordance with the Specifications and 1 

Guidance for Obtaining Contaminant-Free Sample Containers (EPA, 1992). 2 
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11 1.:iC.£j4-.3r------f!N!;!EO!fln!!E"!el[!!e:§:St~n~UC§!:!t~i\~'eb,~4,~SS!!!a~y 
12 

13 C4 3a Methoels Reguirements 
14 

15 Any raeliological assay (RA) method may be useel as long as the documenteel performance 
16 characteristics of the methoel meet the program QAOs. Only systems being useel for 
17 discriminating TRU from low level waste (bblAI) must meet the QAO for minimum detectable 
18 concentration (MDC). 'Nhen waste concentrations significantly eMceeel the bbW/TRU cutoff, 
19 operator controlleel parameters (e.g., counting time) may be moelifieel within preestablisheel limits 
20 as long as QAOs for precision continue to be met. 
21 

22 This section describes certain general provisions which will be applicable to all types of 
23 radioactivity measurements performed under the Program. Performance of software controlling 
24 the measurement process and analyzing data shall be elemonstrateel anel documented in 
25 accorelance l/lithASME NQA 1, Element 11, Supplement 11 S 2 (ASME, 1QQ4). Performance may 
26 be demonstrated by the use of test problems and/or in the contex;t of testing the performance 
27 of the measurement system with QC samples. So#v.•are testing must cover the full range of 
28 e:>epected applications of the system. 
29 

30 Nondestructive Analysis Methods 
31 

32 A variety of nonelestructive analysis (NDA) technologies may be effective in meeting the 
33 requirements of the Program. Table C4 3 identifies a number ofsuch instrument systems which 
34 are in use at various DOE and/or contractor testing facilities. The list is neither complete nor 
35 limiting and is meant to illustrate the breadth of choice available. QAOs for the preject may be 
36 met with the listed systems or by modifications. functionally equivalent alternatives, multiple 
37 combinations, or hybrids of the systems. The following eliscussion is intended to proviele 
38 clarification of the table entries. 
39 

40 \Nhenever applicable, the assay procedures cited in ASTM (1Q8Qa), ASTM (1Q8Qb), ASTM 
41 (1QQ1b), ASTM (1QQ2), and Nuclear Regulatory Commission (NRG) standarel practices and 
42 guidelines (NRG, 1984) are recommended for use at all testing facilities. These proceelures 
43 require the use of proper calibration standards, proper equipment anet equipment setup, 
44 a11oielance of practices (such as misalignment of the waste package) kno·Nn to result in 
45 inaccurate assays, attention to proper record keeping anel equipment maintenance, anet safe 
46 operation of the equipment. 
47 
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NDA SOPs m1:1st instr1:1st operatoFS to perform all nesessary baskgF01:1nEI anEI performanse 1 

shes ks prioF to performing any assays of waste sontaineFS. These performanse shesk Elata m1:1st 2 

be sheskeEI against pFeeleteFmineEI asseptanse sriteria. If any sriteFion is not met, Femeelial 3 

astion m1:1st be taken. f5ash site m1:1st insl1:1Ele OF FefeFense in SOPs its methoel foF Eletermining 4 

anEI FesoFEling the asseptanse sriteria. The Femeelial astion may insl1:1Ele a Fepetition of the 5 

baskgF01:1nEI anEl/oF stanElaFEls meas1:1Fements. The Elisposition anEI 1:1se of any TRU waste assays 6 

perfoFmeEI d1:1Fing a peFiod ending with a s1:1spest perfoFmanse shesk OF d1:1Fing any res1:1lting 7 

investigation OF remedial astion m1:1st be dos1:1mented and j1:1stified. 8 

SOPs foF NDA systems m1:1st sontain all nesessary instr1:1stions foF the operation of somp1:1teFized 9 

data asq1:1isition systems. S1:1sh soft~uaFe instr1:1stions shall insl1:1Ele e>Eplanations of i=eq1:1ired inp1:1t, 10 

options, and pFohibitions foF operatoFS when e>EeFsising any interastive portions of the software. 11 

RegaFElless of so1:1Fse, the prnseEl1:1Fes aFe s1:1bjest to the following pFovisions: 12 

C4 Jb 

The prosed1:1res m1:1st be sodified in the fasility as SOPs • ...,hish have been wFitten, 13 

apprnved, and sontrolled 1:1nder the provisions of the site QAPjP or a QA pFogram 14 

with eq1=1ivalent prnvisions foF pFosed1:1ral sontrol. 15 

The proseEl1:1Fes m1:1st have been internally Elemonstrateel in the fasility and have 16 

dos1:1mented performanse charasteFistiss whish meet the QAOs of this program. 11 

Q1:1ality Contrnl 18 

RA is a qllantitative measblrement of key radioactivity parameteFS of the sontents of a waste 19 

container. NDA systems mllst be checked throl:lgh the llSe of salibration shesk and backgmund 20 

waste containers as well as replicate determinations. As diss1:1ssed in this section, routine 21 

performance checks shall be performed on all RA systems assording to approved SOPs. All RA 22 

systems shall be operated in statistical control as determined by the control limits established 23 

by these site SOPs. 24 

Each participating site must perform, and report in its semiann1:1al management reports to CAO, 25 

all reqblired instrllment performance parameters for eash instr1:1ment blsed to perfoFm 26 

measblrements intended for use in the Program. MDCs for systems 1:1sed to distingllish between 21 

LLW and TRU waste mllst meet the Q,A,Q specified in Appendi>E Ce. 28 

If any QC measurement fails to meet sriteria in Appendix Ce, the analy.tisal meas1:1Fement may 29 

not be sontinlled prior to taking appropriate correstive action. This sestion 01:1tlines the minim1:1m 30 

QA/QC operations nesessary to satisfy analytical reqllirements. 31 

Measl:lrement System Checks 32 

This section disc1:1sses additional QC testing for radioastivity meas1:1Fement systems. It insllldes 33 

salibration and routine performance testing requirements used to ens1:1Fe that meas1:1Fement 34 

systems are in sontrol and meet the performanse spesifisations established for that 35 

meas1:1rement system to demonstrate compliance with the QAOs in Appendi>E Ce. 36 
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1 lnstR:lment Calibration 
2 

3 lnstR:Jments m1:1st be salibratea freq1:1ently eno1:1gh to ass1:1re that QAOs will be met. Spesifis 
4 gl:lidelines for instR:1ment calibration are implemented in the QAPP. 
5 

6 lnstR:lment Performance Chesks 
7 

8 Althol:lgh the efficiency fastors •1ary fer e¥el)' sample geometry, radiation col:lnting systems are 
9 in a sense "blind" to the conditions 01:1tside the detester which predl:lce the radiation being 

10 meas1:1red. 8eca1:1se of this it is l:ls1:1ally possible to ¥eFify the preper fl:lnstion of the instR:1ments 
11 with R:1gged, long li¥ed sol:lrses. Since the data obtained from these "chesk" sol:lrces is not 
12 direstly 1:1sed to calc1:1late analytical data, they do not ha¥e to be NIST traceable, bl:lt only need 
13 to be adeq1:1ately characteFi2ed fer the preposed l:lsage. The pFincipal req1:1irements for s1:1ch 
14 sol:lrces are that they be long li¥ed, simple to reposition with respest to the detostor(s), of 
15 sl:lfficiently high asti11ity to obtain adeql:late col:lnting statistics in short sol:lnt times, and relati¥oly 
16 insensiti11e to handling. 
17 

18 Each of these conditions contFib1:1tos to a sit1:1ation where the sol:lrses can be easily and q1:1ickly 
19 col:lnted. If long li¥ed and R:lgged, the sol:lrses' data shol:lld ¥al)' slowly with time in an easily 
20 predictable manner. For each instr1:1ment system l:ISed in radioasti¥ity analyses, rel:ltine 
21 performance checks of efficiency, backgro1:1nd, and energy resoll:ltion (fer spestremetry systems) 
22 shall be perfermed. Data shall be logged, plotted on control charts, and compared to preset 
23 control limits. These data shall be deli¥ered with the analytisal data, co¥eFing the time peFiod 
24 o¥er which the analyses were ast1:1ally perfermed. Performance checks fer nonspestrometric 
25 instrl:lments shall incll:lde 
26 

27 

28 

29 

• Efficiency checks 
• Backgrol:lnd checks. 

30 Performance checks for spectrometric instrnmonts ml:lst also incll:ldo 
31 

32 

33 

34 

• Energy calibration checks 
• Energy resoll:ltion chocks. 

35 Except fer system backgrel:lnds, instrument performance chocks shall be perfermed and 
36 docl:lmonted at least t\\lice each shift. These chocks shall be perfermed pFior to any actl:lal waste 
37 measl:lrements on each 'Nork shift and after completion of all waste measl:lrements fer the shift. 
38 When shift operations are contigl:lol:ls or 011orlapping, the perfermanse checks fer tho end of the 
39 shift com13leting work can be the same 13orfermance checks as these dene at the beginning ef 
40 the shift starting work. This 13rocedl:lro ¥orifies acceptable porfermance ef tho measl:lrement 
41 system. 
42 

43 Tho reql:lired freql:lencies fer backgrol:lnd meas1:1rements will be a fl:lnstien ef the ¥ariability of the 
44 backgro1:1nd signal and the analytical l:ISe ef the backgrol:lnd data. 8ackgrol:lnds acqyired ei.•er 
45 Ieng ce1:1nt times, with law ¥aFiability, and net l:lsed direstly in tl=le processing ef analytisal data 
46 need not be cal:lnted daily. Backgrel:lnds l:lsed direstly in tl=le analytical data calc1:1latiens ml:lst 
47 be ce1:1ntod on a freql:lency consistent with the petential ¥aFiatien ef tl=le backgrol:lnd signal and , , , 
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the performanse of the analytisal measuFements with whish the laaskgrounas aFe assosiatea. 1 

Site SOPs shall inaisate the fFequensy of laaskgrouna measuFements fer eash measuFement 2 

system uses in the Program. 3 

Replisate Counts 4 

lnaepenaent Feplisate measuFements, at least auplisates, must lae perfermea on 1 O persent of 5 

the waste sontainers. 6 

lntersomparison Proarams 7 

Most QC measuFements take plase in a slosea system within a lalaoratory or measuFement 8 

organi;zation. lntersomparison programs proviae a meshanism fer somparing lalaoratory 9 

performanse with that of other organi;zations perferming measuFements fer the same analytes 1 o 
unaer somparalale sonaitions. Partisipating RA testing fasilities may possess near iaentisal 11 

systems or may have signifisant aiffeFenses, insluaing operation unaer ai#ering salilaration 12 

regimes or utili;zation of systems with entiFely ai#eFent measuFement prinsiples. 13 

Sites using NDA methoas shall partisipate in any measurement somparison program(s) 14 

sponsoFea or enaorsea lay the DOE/CAO o#isial team leaser. Sush programs may lae conaustea 15 

as part of the PDP, through the NDNnonaestrustive e*amination (NDE) lnterfase VVorking Group 15 

(IWG), ana/or through other thire parties. 11 

NDA Operator Training 18 

Present day NDA units are highly automates, somputer laased systems. The instruments are 19 

somputer sontrollea using interastive software. Only trainee personnel shall lae allmt.1ea to 20 

operate the assay equipment. Standarei;zea training requiFements fer RA operators must lae 21 

laased upon e*isting inaustry standard training FequiFements of ASME NQA 1, Element 2, 'Nith 22 

the e*seption of Supplement 2S 2 (ASME, 1 QQ4 ). Requalification of operators must lae laased 23 

upon evidense of sontinued satisfastory performanse and must lae aone at least every two years. 24 

Unsatisfastory performanse shall result in aisqualifisation of the operator. Retraining and 25 

demonstration of satisfastory performanse are requires laefeFe an operator is again allowed to 26 

operate an RA system. 21 

C4-3 Radiography 28 

C4-3a Methods Requirements 29 

Radiography has been developed by DOE specifically to aid in the examination and identification 30 

of containerized waste. There is no equivalent or associated method found in EPA sampling and 31 

analysis guidance documents. All activities required to achieve the radiography objectives must 32 

be described in site QAPjPs and SOPs. 33 

A radiography system normally consists of an X-ray-producing device; an imaging system; an 34 

enclosure for radiation protection; a waste container handling system; an audio/video recording 35 

system; and an operator control and data acquisition station. Although these six components 36 
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are required, it is expected there will be some variation within a given component between sites. 
2 The X-ray-producing device must have controls which allow the operator to vary the voltage, 
3 thereby controlling image quality. It should be possible to vary the voltage, typically between 150 
4 to 400 kl!9:¥P!m':(kV}, to provide an optimum degree of penetration through the waste. For 
5 example:· hlgh~denslty material should be examined with the X-ray device set on the maximum 
6 voltage. This ensures maximum penetration through the waste container. Low-density material 
7 should be examined at lower voltage settings to improve contrast and image definition. The 
8 imaging system typically utilizes a fluorescent screen and a low-light television camera. 
9 

10 To perform radiography, the waste container is scanned while the operator views the television 
11 screen. An audio/videotape is made of the waste container scan and is maintained as a 
12 permanent record. A radiography data form is also used to document the matrix parameter 
13 category and estimated waste material parameter weights of the waste. The estimated waste 
14 material parameter weights should be determined by compiling an inventory of waste items, 
15 residual materials, and packaging materials. The items on this inventory should be sorted by 
16 waste material parameter and combined with a standard weight look-up table to provide an 
17 estimate of waste material parameter weights. 
18 

19 C4-3b Quality Control 
20 

21 The radiography system involves qualitative and semiquantitative evaluations of visual displays. 
22 Operator training and experience are the most important considerations for assuring quality 
23 controls in regard to the operation of the radiography system and for interpretation and 
24 disposition of radiography results. Only trained personnel must be allowed to operate 
25 radiography equipment. 
26 

27 Standardized training reei1:1irements for radiography operators m1:1st be based 1:1pon existing 
28 industry standard training reeiuirements and m1:1st somply with the training and ei1:1alifisation 
29 reeiuirements of NQA 1, Element 2, exsept for S1:1pplement 2S 2 {ASME, 1 QQ4). S1:1pplement 2S 
30 2 is assosiated with radiography 1:1sed in verifying safety related parameters, s1:1sh as welding, 
31 where ei1:1antitative somparisons san be 1:1tilized. As s1:1sh, it is not applisable to waste 
32 management operations and not sonsidered nesessary or appropriate for training radiography 
33 operators involved in Program astivities. 
34 

35 Eash site m1:1st develop a program that provides radiography operators with training based on 
36 matrix parameter sategories. Radiography operators m1:1st be instF1:1sted in the spesifis waste 
37 generating prastises, typisal paskaging sonfig1:1ration, and assosiated 'Nasta material parameters 
38 expested to be fo1:1nd in eash matrix parameter sategory at that site. Req1:1alifisation of operators 
39 must be based 1:1pon evidense of sontin1:1ed satisfastory perforrnanse (primarily a1:1dio/videotape 
40 reviews) and m1:1st be done at least every two years. Unsatisfastory perforrnanse m1:1st res1:1lt in 
41 disei1:1alifisation. Retraining and demonstration of satisfastory perforrnanse are reei1:1ired before 
42 an operator is again allowed to operate the radiography system. 
43 

44 

45 

46 

47 
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iE!it 
A training drum with various container sizes must be periodically scanned by each operator. The 
videotape must then be reviewed by a supervisor to ensure that operators' interpretations remain 
consistent and accurate. Imaging system characteristics must be verified on a routine basis. 

Independent replicate scans and replicate observations of the video output of the radiography 
process must be performed under uniform conditions and procedures. Independent replicate 
scans must be performed on one waste container per testing batch. Independent observations 
of one scan (not the replicate scan) must be made once per testing batch. A testing batch is a 
suite of waste containers undergoing radiography using the same testing equipment. A testing 
batch can be up to 20 waste containers without regard to waste matrix. 

37 Oversight functions include periodic audio/video tape reviews of accepted waste containers and 
38 must be performed by qualified radiography personnel other than the operator who dispositioned 
39 the waste container. The results of this verification must be available to the radiography 
40 operator. The site project QA officer shall be responsible for monitoring the quality of the 
41 radiography data and calling for corrective action, when necessary. 
42 

43 Visual Examination 
44 

45 As an additional QC check, the radiography results must be verified directly by visual 
46 examination of the waste container contents. Visual examination must be performed on a 
47 statistically determined portion of waste containers to verify the results of radiography. This 
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verification must include the matrix parameter category and waste material parameter weights. 1 

The verification must be performed through a comparison of radiography and visual examination 2 

results. The results of the visual examination must be transmitted to the radiography facility. 3 

The visual examination must consist of a semi-quantitative and/or qualitative evaluation of the 4 

waste container contents, and must be recorded on audio/videotape. The visual examination 5 

program has been developed by the DOE to provide an acceptable level of confidence in 6 

radiography. There is no equivalent method found in EPA sampling and analysis guidance 1 

documents. A detailed procedure that meets the requirements of this method can be found in 8 

the Methods Manual. s 

A ti:aining progi:am 1:1sing sim1:1lated andJer real waste m1:1st ee de¥eleped eased en waste ferm 10 

anEI waste management eperatiens. This ti:aining pregi:aFR m1:1st ee 1:1seEI te assess epei:ater 11 

perfermance eefero act1:1al waste chai:acteri~atien ey ¥isual examinatien. QAPWs anEI s1:1pperting 12 

SOPs shall specify the ti:aining requireFRents anEI all ether acti¥ities requireEI te achieve the visual 13 

exaFRinatien elajectives. 14 

Formal Training 

• 
• 
• 
• 

Proje~ B~9iiiit~ffien~s ...................... · 
..··Stf!te•••flog mt~t~·•B~gµ1$Jiqns 
Applicati()h i~qfiniques · · · · ·· 
Site-SP!~i~9 !n~truction 

on-the..Job training 

• 1dentifiqatidh•••Pf •J:>acr<a9in9 ponfiguratk>tjs 
.. . l?~~~ifj~qfj 9~MY~~~l!!~tj~t par~~t~r~ 

• •• ... · ......... · · · VV~iiht~l19:M9!!m~ pffJ~pcm 
• · ·· .. / ·· · · . JdenP.ff.$Uli>ri pf, Rt?f'ltb.~ J~~f'Tls 

• 

15 

16 

17 

18 

19 

20 

21 

22 

23 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

Each visual examination facility must designate a visual examination expert. The visual 36 

examination expert must be familiar with the waste generating processes that have taken place 37 

at that site and also be familiar with all of the types of waste being characterized at that site. 38 
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1 The visual examination expert shall be responsible for the overall direction and implementation 
2 of the visual examination at that facility. Site QAPjPs must specify the selection, qualification, 
3 and training requirements of the visual examination expert. 
4 

5 Figure C4-6 illustrates the overall programmatic approach to the visual examination of waste. 
6 If the waste is homogeneous, the expert may decide that a limited visual examination involving 
1 a confirmation of the radiography data is appropriate. If the waste is heterogeneous, the expert 
8 may decide a full visual examination by opening bags and segregating waste is warranted. 
9 Various degrees of segregation are possible based on the expert's judgment and availability of 

10 acceptable knowledge data. Site QAPjPs must specify decision-making criteria for the visual 
11 examination expert. In all cases, SOPs must be developed to support the visual examination 
12 process, and the basis for the expert's decisions must be documented. 
13 

14 A description of the waste container contents must be recorded on a data form as implemented 
15 in the site QAPjP. The description can be brief, but it must clearly identify the appropriate waste 
16 matrix parameters and provide enough information to estimate weights of waste material 
11 parameters. In cases where bags are not opened, a brief written description of the contents of 
18 the bags must contain an estimate of the amount of each waste type in the bags. The written 
19 records of visual examination must be supplemented with the audio/video recording. 
20 

21 P-4~ . ~~rt:IP.l~':C~~~~~f.'::()'~-:f~!jjjjpl~ 
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TABLE C4-1 

GAS SAMPLE CONTAINERS AND HOLDING TIMES 

Minimum 
Drum 

Head space Field 
Sample Holding Holding Shipping 

Parameter Container Volume a Temperatures Timeb Allowance 

voes SUMMA® 250 ml 0-40 °C 4 days 2 days 
Canister 

Laboratory 
Holding 
Timec 

28 days 

12 a Alternatively, if available headspace is limited, a single 100 ml sample may be collected for 
13 determination of voes. 
14 b From the time of headspace sample collection to shipment. 
1 s c Programmatic-based maximum holding time. Holding time begins at VTSR. 
16 
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SUMMARY OF DRUM FIELD QC HEADSPACE SAMPLE FREQUENCIES 

I QC Samples I Manifold I Direct Canister I 
Field blanks8 1 per sampling batchd 1 per sampling batchd 

Equipment blanksb 1 per sampling batchd oncee 

Field reference standardsc 1 per sampling batchd oncee 

Field duplicates 1 per sampling batchd 1 per sampling batchd 

aAnalysis of field blanks for VOCs (Table CB-2 of Appendix CB), only, is required. 

bone equipment blank sample must be collected, analyzed for voes (Table CB-2), and 
demonstrated clean prior to first use of the headspace gas sampling equipment with each of 
the sampling heads, then at the specified frequency, for voes only thereafter. Daily, prior to 
work, the sampling manifold, if in use, must be verified clean using an OVA. 

cone field reference standard must be collected, analyzed, and demonstrated to meet the 
QAOs specified in Appendix CB prior to first use, then at the specified frequency thereafter. 

dA sampling batch is a suite of samples collected consecutively using the same sampling 
equipment within a specific time period. A sampling batch can be up to 20 samples 
(excluding field QC samples), all of which must be collected within 14 days of the first sample 
in the batch. 

eone equipment blank and field reference standard must be collected after equipment 
purchase, cleaning, and assembly. 
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TABLE C4-3 

SUMMARY OF SAMPLING QUALITY CONTROL 
SAMPLE ACCEPTANCE CRITERIA 

Acceptance 
QC Sample Criteria 

Field blanks VOC amounts < 3 x MDLs in 
Table CS-2 of Appendix CS 

Equipment blanks VOC amounts < 3 x MDLs in 
Table CB-2 of Appendix CB 

Field reference 70 - 130 %R 
standards 

Field duplicates RPO :s: 25 

MDL = Method detection limit 
%R = Percent recovery 
RPO = Relative percent difference 
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Corrective 
Action 

Non conformance· if any VOC 
amount > 3 x MDLs in 
Table CB-2 of Appendix CB 

Nonconformance if any 
analyte amount > 3 x MDLs in 
Table CB-2 of Appendix CB 

Nonconformance if %R < 70 
or> 130 

Nonconformance if RPO > 25 
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SAMPLE HANDLING REQUIREMENTS FOR HOMOGENEOUS 
SOLIDS AND SOIUGRA VEL 

Parameter Minimum Quantity Preservative Container Holding Times 
Required 

voes 15 grams Cool to 4°C Glass Vialb 14 Days Prep/ 40 
Days Analyzec 

SVOCs 50 grams Cool to 4°C Glass Jar<l 14 Days Prep/ 40 
Days Analyzec 

Polychlorinated 50 grams Cool to 4°C Glass Jar<l 14 Days Prep/ 40 
Biphenyls (PCBs) Days Analyzec 

Metals 10 grams Cool to 4°C Plastic Jar 180 Daysg 

2 

3 

4 

5 

6 

7 

8 

9 

8 Holding time begins at sample collection (holding times are consistent with SW-846 requirements). 10 

b40 ml VOA vial, must have septum cap. 11 

c40-day holding time allowable only for methanol extract - 14-day holding time for non-extracted voes. 12 

d250 ml amber jar, must have Teflon® lined cap. 13 

eAnalysis for PCBs is required only for waste streams in matrix parameter category 53220 (organics 14 

sludges). 15 
1250 ml polyethylene or polypropylene. 16 
9Holding time for mercury analysis is 28 days. 11 
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Stainless Steel Dial 
PressureNacuum Gauge (side view) 

FIGURE C4-2 

SUMMA® Canister Components Configuration 

(Not to Scale) 
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Needle 

\ 

FIGURE C4-3 

Schematic Diagram of Direct Canister with the Poly Bag Sampling Head 
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5 Spring Retainer (optional) 

6 Ccn a.n91 llp 

7 Augel' and Pin 
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APPLICABILITY OF REAL-TIME RADIOGRAPHY (RTR) a 

Summary Category 

I Group Waste Category Applicable RTR Codesb Waste Description 

Homogeneous Solids Cation and Anion A,B,E,G . Anion and cation exchange resins 
S3000 Exchange Resin washed with hot HN03 and water then 

mixed with water and portland cement 
to form solid mass. Resins are a 
polystyrene and divinylbenzene 
copolymer. 

Homogeneous; Solids Inorganic Waste A,B, E,G, H . Solidified aqueous waste generated by 
S3000 Water Treatment vacuum filtration of precipitated solids 

Sludge from pretreated aqueous slurry. Filter 
medium is diatomaceous earth. Wet 
sludge is solidified with portland 
cement. 

. Wet sludge from chemical treatment 
and mixed with absorbents (i.e., 
portland cement and Oil-Dri9 to absorb 
free liquid). 

. Sludges removed from tanks that 
collected liquid effluent from floor 
drains; sludge consists of dirt, sand, 
gravel, floor sweepings, and similar 
materials; sludges mixed with portland 
cement. 

. Sludges removed from tanks that 
collected liquid effluent from the 
laundry; sludge consists of lint, spent 
detergent, and dirt mixed with portland 
cement. 

. Cemented inorganic process solids; 
waste is filter sludge, grit, and firebrick 
fines, solidified in portland cement. 

. Cemented or solidified process solids 
(i.e., grit, firebrick fines, filter sludges, 
and resins). 

Homogeneous Solids Organic Liquid A,B,E,G . Waste organic liquid (oil and/or 
S3000 and Sludge solvents) mixed with gypsum cement 

(Envirostone9); oils are machining oil 
and lathe coolant. 

. Waste organic liquid (oil and/or 
solvents) mixed with gypsum cement 
(Envirostone9); oils are machining oil 
and lathe coolant. 

Refer to footnotes at end of table. 
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Summary Category 
Group 

Homogeneous Solids 
S3000 

Homogeneous Solids 
S3000 

Solids/Gravel 
S4000 

Debris Waste 
S5000 

Debris Waste 
S5000 

--
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APPENDIX CS (CONTINUED) 
APPLICABILITY OF RTR· 

Waste Category Applicable RTR Codesb Waste Description 

Pyrochemical A,B,E,G . Spent chloride salt (combinations of 
Salt cesium, calcium, magnesium, 

potassium, and NaCl) from 
pyrochemical operations. 

A, B, E, F . Fused halide salt mixtures of NaCl, KCI, 
and/or CaCl2; some salts also contain 
MgCl2, CaF2. Cao. 

Solidified Liquid A, B,E,G . Aqueous laboratory wastes that are not 
compatible with primary aqueous 
treatment system; waste contains 
organic acids. Wastes are pH adjusted 
and solidified by mixing with portland 
and magnesia cement. 

A,B,E,G,H . Waste consists of solidified organics 
that contain plutonium complexing 
chemicals (i.e., alcohols, organic acids, 
and chelating agents (EDTA). Liquids 
mixed with portland cement and 
magnesia cement. 

Soils/Gravel A,B,C,E,G . Soil and gravel waste that comprises 
more than 50% of the waste volume. 

Benelex• and A,B, E,G . Organic solid waste that is 
Plexiglas "' noncombustible. Benelex9 /Plexiglas "' 

neutron shielding, black top, concrete, 
dirt, and sand. 

. Benelex• and Plexiglas "' glovebox 
windows. Benelex• (dense laminated, 
lignocellulose hardboard made from 
wood chips and particles). Bene lex• 
usually coated with fire retardant paint 
sometimes had lead sheeting attached 
to it. Also, leaded glass may be 
present. 

Combustibles A,B,C,D . Solid combustible waste, including 
paper, rags, cloth, coveralls, plastic, 
rubber, wood, and other similar 
material. 

Refer to footnotes at end of table. 
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Summary Category 
Group 

Debris Waste 
S5000 

Debris Waste 
S5000 

Debris Waste 
S5000 

Debris Waste 
S5000 
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APPENDIX CS (CONTINUED) 
APPLICABILITY OF RTR· 

Waste Category Applicable RTR Codesb Waste Description 

Combustibles A,B,C,E,F . Combustible solids (dry, damp, or 
moist), including paper, rags, plastic, 
surgeon's gloves, coveralls and booties, 
cardboard, wood, plywood sheeting, 
filter frames, ladders, bottles, laundry 
lint, Kimwipes•, canvas, sample vials, 
respirator face masks, etc.; some waste 
coated with paint and some contain 
trace levels of HN03• 

Combustibles A,B,C,E,F . Combustible and noncombustible 
and solids, i.e., dissolved lab samples, 
Noncombustibles absorbed in Oil-Ori•, uranium pellets, 

plutonium sources, glassware, gloves, 
Kimwipes•, and used equipment. 

. Piping, flanges, valves, tools, 
glasswares, filters, polyethylene bottles, 
glovebox gloves, paper, and plastics. 

Filters A,B,C,D . Frames of filters made of wood or 
metal and medium is fiberglass or 

OR Nomex•-type material. Fulflo• filter 
A, B, E,G cartridges consist of polypropylene 

plastic. Some filter wastes are 
processed by the addition of portland 
cement. 

A,B,C,D . Absolute filters, high-efficiency 
particulate air (HEPA) filters, chemical 
warfare service (CWS) filters, fiberglass 
and asbestos filter media, asbestos 
pipe insulation, and asbestos gloves 
and fire blankets. Filter frames are 
wood, particle board, or aluminum; filter 
media either fiberglass or asbestos. 

Firebrick and A,B, E,G . Firebrick, clay absorbent (Oil-On..,, and 
Ceramic insulation. 
Crucibles . Leco crucible waste: silicate-based 

ceramic crucibles and caps. Some 
contain an accelerator (Fe, Sn, Cu, Tl, 
stainless steel). 

. Firebrick wastes consisting of whole or 
broken pieces of construction bricks, 
cinderblocks, and incinerator firebrick. 
Firebrick (high-aluminum/high-strength) 
composition: Alp3, Cao, Fe20 3, MgO, 
Si03, Ti02, and alkalies. 

Refer to footnotes at end of table. 
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APPENDIX CS (CONTINUED) 
APPLICABILITY OF RTR· 

Summary Category 
Group Waste Category Applicable RTR Codesb Waste Description 

Debris Waste Glass A, B,C,E, F . Glass and ceramic waste including 
55000 leached Raschig rings, ceramic 

crucibles, glovebox windows, lab 
glassware, process equipment, and 
empty containers. 

Debris Waste Glass A,B,C,E, F . Unleached glass neutron-absorbing 
55000 (Oil Residue) Raschig rings. 

Debris Waste Graphite A,B,C,E,F . Broken graphite molds and graphite 
55000 furnace equipment or graphite chunks 

and pieces from mold cleaning and 
declassification. Also discarded lab 
equipment. 

Debris Waste Leaded Rubber A, B,C,E, F . Leaded gloves and aprons comprised 
55000 of layers of Hypalon4P rubber and PbO-

impregnated neoprene. Limited 
amounts of unleaded gloves, lead 
bricks, and l:;ad sheeting may be 
included. 

Debris Waste Metal A,B,C,E,F . Nonpyrophoric waste metals (iron, 
55000 copper, aluminum, stainless steel, 

tungsten, lead, and tantalum). 

. Beryllium chips . 

. Billets of Zn-Mg alloy . 

. Noncompressible and noncombustible 
items (i.e., filters, metal equipment, 
furnace brick, metal crucibles, and 
funnels). Metals are tantalum, 
tungsten, platinum, and lead. 

. Metals from small hand tools, valves, 
trays, clamps, pipes, gloveboxes, 
furnaces, tanks, respirator filters, 
control panels, etc. 

'Remote-handled (RH) transuranic (TRU)waste characterization data requirements will provide the same types of information 
to the extent that this is consistent with RH TRU waste forms. 
bReal-Time Radiography (RTR) codes: 

A Verification of compliance with packaging requirements. 

B Verification of physical waste form identification. 

C Verification of Waste Matrix Code. 

Refer to footnotes at end of table. 
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D Verification of absence of noncom pliant items, including free liquids and compressed gases throughout the volume of 
the container. 

E Verification of absence of free liquids around the perimeter of the container (between drum/liner, liner/poly bag, and 
poly bag/waste). 

F Verification of absence of noncompliant items, including free liquids and compressed gases throughout the volume of 
the container, conditional on the physical geometry of the waste and the resulting package density (variable void 
volume). 

G Density of the waste ffl!fy negate RTR examination of the entire container. 

H Process knowledge is well defined and precludes introduction of extraneous materials, such as pressure vessels. 

NOTE: The use of trade names or brand names in this table does not constitute endorsement by the DOE or its contractors. 
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STATISTICAL METHODS USED IN SAMPLING AND ANALYSIS 

C6-1 Approach for Statistically Selecting Waste Containers for Visual Inspection 

As a Quality Control (QC) check on radiography, a statistically selected portion of the certified 
waste containers must be opened and visually examined. The data from visual examination 
must be used to verify the matrix parameter category and waste material parameter weights as 
determined by radiography. 

The data obtained from the visual examination must also be used to determine, with acceptable 
confidence, the percentage of miscertified waste containers. Miscertified containers are those 
that radiography indicates meet the WIPP Waste Acceptance Criteria (WAC) and Transuranic 
Package Transporter-II (TRUPACT-11) Authorized Methods for Payload Control (TRAMPAC) 
criteria, but visual examination indicates do not meet these criteria. 

Experience at the Idaho National Engineering Laboratory (I NEL) indicates that two-percent of the 
radiography-certified waste containers have been miscertified when compared to the results of 
visual examination (EG&G 1994 ). Participating sites must use this historical miscertification rate 
and incorporate future miscertification rate to calculate the number of waste containers that must 
be visually examined. This miscertification rate must be determined each year based on results 
of certification activities over a minimum of 12 months. Table C6-1 provides the number of waste 
containers that must be visually examined for several miscertification rates and waste container 
population sizes. 

Table C6-1 has been developed with the use of an EG&G Idaho, Inc. engineering design file 
(EG&G 1994). The number of waste containers requiring visual examination will ensure the 
program is BO-percent confident that if the true miscertification rate is the same as the percent 
column heading of Table C6-1, and if the indicated number of waste containers is examined, the 
Upper Confidence Level of 90 percent (UCL90> of the miscertification percentage will be less than 
14 percent (i.e., there is only a 10-percent chance that the miscertification rate is greater than 
14 percent). If the number of containers listed in Table C6-1 are visually examined, it is simply 
guaranteed that the UCLgo of the miscertification percentage will be less than 14 percent; 
14 percent is a worst case. In actuality, when UCLgos have been calculated from sample data, 
most of them will be much smaller than 14 percent. 

For the hypergeometric approach to determining the number of containers to be visually 
examined, the acceptable level of uncertainty is the estimate of the proportion miscertified (along 
with the information on the previous percentage miscertified) determines the number of 
containers that must be examined. The rationale and details of this methodology are discussed 
below. 

C6-1 
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In a population of size N, there are M miscertified containers, so the true proportion of the 
miscertified containers in the population is M/N = Ptrue· Since Pirue (or M) is not known, we wish 
to estimate it by randomly sampling some of the containers. If in a sample of n containers, x are 
found to be miscertified, the sample estimate (f') of the true population proportion Pirue is 

A x p=
n (C6-1) 

This value is only an estimate, and as such has some uncertainty associated with it. This 
uncertainty is quantified by calculating the upper one-sided (1-a) percent confidence limit for p, 
defined as PucL· This confidence limit gives the largest value the true proportion could take on 
and still have a "reasonable" chance (e.g., an a = 0.10 probability) of producing x miscertified 
containers in a sample of n out of N. This upper confidence limit is calculated as 

MucL 
PucL = N (C6-2) 

where MucL is the largest value of M such that the probability of observing x or fewer miscertified 
containers in a sample of size n is less than or equal to a. That is, it is the largest value of M 
such that the following inequality is true: 

( MxN-M) E k n-k ~a 
k-0 ( ~) 

(C6-3) 

where each term in parentheses has the usual combinatorial interpretation. For example: 

(C6-4) 

Each term in the sum in Equation C6-3 is the hypogeometric probability of observing k 
miscertified containers in a sample size n from a population of size N in which there are M 
miscertified containers (and hence the population proportion of miscertified containers is p =M/N). 
The value MucL is obtained by substituting different values for M into Equation C6-3 until the 
largest value satisfying the inequality is found. 

C6-2 
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Note that in Equation C6-3, the upper confidence limit is dependent on x, the number of 
miscertifications observed in the sample, as well as on n, the sample size. So, to obtain the 
required sample size, the values of x that are likely to be seen also need to be considered. 
Sample size is thus determined by setting a desired upper confidence limit value and then 
manipulating x and n in Equation C6-3. 

C6-2 Approach for Statistically Selecting Waste Containers for Totals Analysis 

This statistical approach relies on acceptable knowledge to segregate waste containers of 
homogeneous solids and soil/gravel into relatively homogeneous waste streams so it is 
reasonable to classify as hazardous or nonhazardous the entire waste stream rather than 
individual waste containers. Individual waste containers serve as convenient units for 
characterizing the combined mass of waste from the waste stream of interest. Once segregated 
by waste stream, random selection and sampling of the waste containers followed by analysis 
of the waste samples must be performed to ensure that the resulting mean contaminant 
concentration provides an unbiased representation of the true mean contaminant concentration 
for each waste stream. The site project manager shall verify that the samples collected from 
within a waste stream were selected randomly. 

The sampling and analysis strategy is illustrated in Figure C6-1. Preliminary estimates of the 
mean concentration and variance of each Resource Conservation and Recovery Act (RCRA) 
regulated contaminant in the waste will be used to determine the number of waste containers 
to select for sampling and analysis. The preliminary estimates will be made by obtaining a 
preliminary sample from the waste stream or from previous sampling from the waste stream. 
The applicability of the preliminary estimates to the waste stream to be sampled must be justified 
and documented. The estimates will be determined in accordance with the following equations: 

- 1 n 
x = - Ex, 

n 1=1 

n 
s2 = _1_ E (x, - X)2 

n-1 1=1 

(C6-5) 

(C6-6) 

where xis the calculated mean and s2 is the calculated concentration variance, n is the number 
of samples analyzed, xi is the concentration determined in the ith sample and I is an index from 
1 ton. 
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The ratio of the standard deviation, s, to the mean is called the coefficient of variation (CV); 
preliminary estimates for CV must be calculated for all contaminants of interest. The highest CV 
will be used in determining the number of samples to collect and analyze. Analysis results will 
then be summarized on a contaminant-specific basis. The calculations for the number of 
samples to collect and calculations for analysis summaries are described in subsequent 
paragraphs. 

The preliminary estimated concentration means and associated variances must then be used to 
calculate the number of samples required, n, in accordance with the procedure described in 
Cochran (1977). As a first approximation, take 

s2 
no·= --

)t c 

where s2 and x are the preliminary estimates for the variance and the mean and 

,2 
C=---

t2 a,no-1 

(C6-7) 

(C6-8) 

where ta,no-1 is the 90th percentile for a t distribution with n0-1 degrees of freedom. The 
parameter r is taken as 1.0, which represents a relative error of 100 percent. This choice of r 
is made in order to obtain the Type I and Type II error rates. This reduces Equation C6-7 to 

t 2 2 
a,no-1 s 

(C6-9) 

Because ta.no-1 is dependent on n0, the calculation procedure is iterative. If the ratio of n0 to the 
number of containers in the waste stream, N, is appreciable, the number of samples required 
may be reduced to 

no n=---
1 + no 

N 

(C6-10) 

The effect of the ratio nc/N on n in Equation C6-10 depends on n0 . Equation C6-10 should be 
used for cases where it results in a different number of samples from n0 • All calculations should 
be rounded up to the nearest integer. A minimum of five containers must be sampled and 
analyzed in each waste stream. 
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The calculated number of required waste containers will then be randomly sampled and 
analyzed. If waste container samples for the preliminary mean and variance estimates were 
randomly collected from the same waste stream lot being examined and were collected and 
analyzed in the manner required for characterization samples, then these samples may be 
counted toward meeting the required number. The number of waste containers that must be 
sampled is dependent on defined levels of acceptable error for the hazardous versus 
nonhazardous determination, as described below. 

C6-3 Upper Confidence Limit 

Upon completion of the required sampling, final mean and variance estimates, and the UCL90 for 
the mean concentration for each contaminant must be determined. The UCL90 for the mean 
concentration of each contaminant will be calculated in accordance with the following equation: 

- t n 1S 
UC'-oo = x + ~ rn (C6-11) 

The observed sample CV must be checked against the preliminary estimate for CV used in 
determining the number of samples to be collected before preceding. If the observed sample 
CV is greater than the preliminary estimate for CV, the required number of samples must be 
recomputed using the observed CV. If the observed sample CV estimate results in greater than 
20 percent more required samples, then additional sampling and analysis must occur. Once 
sufficient sampling and analysis has occurred, the determination of whether the waste stream 
is RCRA-hazardous or nonhazardous will proceed. The determination will be made with 90-
percent confidence. If the UCL90 for the mean concentration is less than the regulatory threshold 
limit, the waste stream will be classified as nonhazardous for this contaminant. If the UCL90 is 
greater than or equal to the regulatory threshold limit, the waste stream will be classified as 
hazardous for this contaminant. 

C6-4 Justification for Use of the 90 Percent Confidence Limit for RCRA Characterization of 
TRU Waste 

A 90-percent confidence limit was determined to be adequate and appropriate for the following 
reasons: 

• The hazardous waste determination is made based on "Total Analysis" of waste 
as opposed to the Toxicity Characteristic Leaching Procedure (TCLP). This 
approach uses the regulatory limits that incorporate assumptions that samples are 
100% solid (i.e., no moisture content) and contaminants are 100% soluble in the 
extraction fluid. "Total Analysis" also uses a more aggressive extraction 
procedure (i.e., stronger acids) which more completely solubilize contaminants. 
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This is an inherently conservative approach and waste analyzed by "Total 
Analysis" methods. 

• Regardless of the hazardous or non-hazardous determination associated with any 
particular waste stream or individual waste container, all contact-handled waste 
will be handled in the same manner during transportation to and emplacement at 
the WIPP. All waste will be handled, stored, and disposed in a way that meets 
the requirements for hazardous waste. 

• Waste will not be segregated on the basis of a RCRA hazardous determination 
for the purpose of handling or disposal and so safety related issues are not a 
concern for "mis-designated" waste. Emergency response personnel will be 
adequately equipped to mitigate health and safety concerns associated with 
hazardous waste. 

Simulated hazardous waste determinations using both the 90-percent and 95-percent confidence 
limits indicate an approximate 60 percent increase in sampling and analysis costs to achieve a 
95-percent confidence limit. The Department of Energy (DOE) considered the consequence of 
increasing the confidence level from 90 to 95 percent for determining whether or not waste 
streams exhibit the toxicity characteristic. Calculations show that the number of containers to 
sample increases from 57 to 70 percent with the increase in confidence. 

Calculations used Equation C6-9, which pertains to sampling of retrievably stored homogeneous 
solids and soil/gravel waste. The factor that changes with confidence level is t2 a. n-1, which also 
changes with the calculated number of containers to sample (n). Therefore, this factor is used 
to calculate the percent increase in n, for different possible values of n. The finite population 
factor (Equation C6-10) is not used in these calculations; however, it is not expected to 
significantly affect the results. 

The results are given in Table C6-2. For the values of n between 5 and 500 at 90 percent 
confidence, increases the range from 57 to 70 percent. The values of n for both 90 and 95 
percent confidence are given in the table so the number of containers required to be sampled 
can be directly compared. Because of the formulation for calculating the required number of 
containers to sample, the tabled values do not depend on the number of containers in the waste 
stream. The number of containers to sample reflects variabilities of constituent concentrations 
observed in the waste stream; in particular, it reflects the maximum ratio of standard deviation 
to mean concentration, which is the maximum coefficient of variation. For example, for a waste 
stream of any size that has a coefficient of variation of 0.918, the required number of containers 
to sample increases 60 percent from 5 for 90 percent confidence to 8 for 95 percent confidence. 
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TABLE C6-1 
NUMBER OF WASTE CONTAINERS REQUIRING VISUAL EXAMINATION 

Annual Number of Waste Number of Waste Containers Requiring Visual Examination 
Containers Undergoing Based on Percent of Waste Containers Miscertified to 
Characterization WIPP-WAC by Radiography in Previous Year(s) 

1% 2% 3% 4% 5% 6% 

50 228 22 228 22 298 29 

100 15 24 24 33 33 41 

200 15 26 26 35 44 52 

300 15 26 26 35 44 53 

400 15 26 26 36 45 62 

500 16 26 26 36 45 63 

•Number of containers for the higher even-number percent of miscertified containers is used because 
an odd percent implies a noninteger number of containers are likely to be miscertified. 
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PERCENT INCREASE IN NUMBER OF CONTAINERS (n) TO SAMPLE WITH 
INCREASE IN CONFIDENCE FROM 90 PERCENT TO 95 PERCENT 

n for 90 Percent n for 95 Percent Approximate 
Confidence Confidence Percent Increase 

5 8 60.00 

6 10 66.67 

7 11 57.14 

8 13 62.50 

9 15 66.67 

10 17 70.00 

25 41 64.00 

100 165 65.00 

500 824 64.80 

Note: Finite population factor not accounted for. 
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SEGREGATE WASTE CONTAINERS 
INTO WASTE STREAMS 

OBTAIN PRELIMINARY ESTIMATES 
OF MEAN AND VARIANCE FOR EACH 

CONTAMINANT, AND DETERMINE 
CONTAMINANT WITH HIGHEST 
COEFFICIENT OF VARIATION 

CALCULATE NUMBER OF SAMPLES 
AND ANALYSES REQUIRED FOR 

CONTAMINANT WITH HIGHEST 
· COEFFICIENT OF VARIATION 

RANDOMLY SAMPLE AND ANALYZE 
THE NUMBER OF ADDITIONAL 

REQUIRED WASTE CONTAINERS 

CALCULATE UCL 90 FOR MEAN 
OF EACH CONTAMINANT 

YES 
CLASSIFY WASTE STREAM 

.i'\S NONHAZARDOUS 
FOR THIS CONTAMINANT 

CLASSIFY WASTE STREAM AS 
HAZARDOUS FOR THIS CONTAMINANT 

RTL = REGULATORY THRESHOLD LIMIT 
UCLgo = UPPER 90-PERCENT ONE-SIDED CONFIDENCE LIMIT 

Figure C6-1 

Statistical Approach to Sampling and Analysis of Waste Streams of 
Retrievably Stored Homogenous Solids and Soil/Gravel 
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SUBMITTAL AND APPROVAL OF ALTERNATIVE TRU WASTE 
CHARACTERIZATION ANALYTICAL METHODS 

C7-1 Purpose and Scope 

The National Transuranic Program (NTP) Organization provides the Transuranic Waste 
Characterization Sampling and Analysis Methods Manual (Methods Manual) (DOE 1995a) for 
use when characterizing transuranic (TRU) waste. However, the NTP recognizes that new or 
modified techniques may be needed to meet performance objectives for specific wastes and 
to minimize waste generation associated with sampling and analysis. The NTP has 
developed a written procedure for guidance to the analytical laboratories at the generator site 
who want to submit an alternative analytical method for approval by the NTP. 

The procedure provides an initial approval process, a list of minimum performance data 
required for approval of the alternative method verification, and the process of method 
acceptance. It includes method format specifications, documentation, and supporting data 
required as part of requests for alternative method approval. 

The Transuranic Waste Characterization Quality Assurance Program Plan (QAPP) (DOE 
1995b) establishes a performance based program where quality assurance objectives 
(QAOs) are defined for all analytes. The Methods Manual contains approved methods with 
demonstrated performance data that meet the QAOs and should be used if possible. The 
TRU Waste Characterization Interface Working Group (WCIWG) is responsible for the review 
and recommendation of alternative methods to the NTP (DOE 1995c). Final approval of 
alternative methods will not be granted unless the QAOs described in the QAPP have been 
met. 

C7-2 Preliminary Approval 

The preliminary approval process is used to screen the number of alternative methods 
requiring review and approval. The approval must be obtained in the planning and initial 
testing stages of the method development process to avoid duplication of efforts and 
conserve time and resources. To obtain the preliminary approval, the author must submit a 
written description of the method, with justification and supporting documentation, to the NTP 
Waste Characterization Manager at the Department of Energy Carlsbad Area Office 
(DOE/CAO). 

The method description must be complete enough so that the technical applicability can be 
assessed. Any limitations of the method must be clearly stated. Criteria for appropriate 
justifications are: 1) previous analytical data supporting the fact that existing or approved 
methods cannot be used (e.g., a radioisotope creates an interference}, 2) data supporting the 
fact that an approved method cannot meet the QAOs for a specific matrix, or 3) information 
demonstrating that an alternative analytical method offers a distinct advantage over the 
approved methods, such as waste minimization, reduction of analytical time, or reducing 
worker radiation exposure. · 
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When submitting justification statements in cases of waste matrix interferences that prohibit 
compliance with required QAOs, the author must demonstrate with supporting data that: 
1) the laboratory personnel can satisfactorily analyze other less complex matrices (e.g., 
water) using an existing approved method, 2) the analyte or matrix interferences from the 
specific waste is the cause for nonconformance with the QAOs, and 3) there is sufficient 
evidence from the literature or other studies that support the potential use of this alternative 
method for this waste. 

A description of the method will be posted on the WCIWG bulletin board in the Analytical and 
Test Methods Development Forum to enable the review committee to seek input from other 
sites. In addition, other sites may comment with supporting data or additional information 
that will aid the review committee. 

C?-3 Required Elements of Alternative Methods 

When a method is submitted for approval, all twelve sections of the method, as presented in 
the Methods Manual, must be included. Tables, figures, flowcharts, equations, units, 
nomenclature, and references must be clearly labeled and follow the Methods Manual format. 
The performance criteria must apply to at least one matrix, and the actual method must have 
been successfully tested on simulated or actual waste samples. 

Minimum performance data, demonstrating compliance with the requirements of the QAPP, 
must be provided for each waste matrix for which the method is to be used that consists of: 

• A detection limit study including the statistical method for calculation (seven 
spiked replicates) 

• A precision and bias study using spike and replicate samples of the matrix of 
interest or similar matrix 

A method blank study using reagents and equipment to ensure contamination 
will not be a problem 

• Data demonstrating the QAPP QAOs are met for accuracy and precision 
(spike, duplicate and replicate measurements) 

• An interference study using waste matrix spikes 

C?-4 Final Approval 

A review committee for review and approval of proposed methods will be assembled by the 
WCIWG chairperson. The review committee will be composed of individuals with expertise in 
the field of the proposed method. The review process includes determining the applicability 
of the method; reviewing the performance data, quality control sample requirements, and 
acceptance criteria, bias and interferences; and checking the equations and calculations. 
The data that demonstrate results, sensitivity, and repeatability also will be reviewed and 
checked for accuracy and completeness. 
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A formal comment and response process will be documented to provide for the clarification of 
issues relating to the methods and performance data. This also ensures that methods 
undergo a comparable review process and obtain equal consideration. In some cases, 
additional performance information, Quality Control (QC) data, or more investigation will be 
required before approval. In other cases, the method may not be approved because the 
QAOs were not met. In either situation, the method author is allowed one written challenge 
to the WCIWG review committee's decision. 

After the method has undergone WCIWG committee review, all reviewer's comments have 
been satisfactorily resolved, and the final changes have been made to the method, the 
method is submitted to the DOE/CAO QA Manager for concurrence. After concurrence, the 
method will be submitted to the DOE/CAO Regulatory Compliance Manager for review and 

itt'"iiM:~11111•1~111~1111111111::::~~!'~~tr~t~'~:~!1f~"~~~:i:!,!!99 
Manager will notify in writing the WCIWG chairperson regarding whether the method can or 
cannot be used for TRU waste characterization. Methods approved by the DOE/CAO 
Regulatory Compliance Manager will be incorporated into the Methods Manual. Updates to 
the Methods Manblal will be provided to the NMED for information. Also, the availability of 
approved, alternative methods will be posted on the WCIWG electronic bulletin board in the 
TRU Waste Characterization Methods Manual Protocols Forum (DOE 1995d). As additional 
performance data are generated, these data are also made available through the bulletin 
board to ensure the most current information is available to the generator sites. Records 
associated with this review and approval process will be kept on file by the DOE/CAO and 
will be available for review. 
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QUALITY ASSURANCE OBJECTIVES FOR 2 

WASTE CHARACTERIZATION SAMPLING AND ANALYTICAL METHODS 3 
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16 C~,Z Headspace-Gas Sampling 
17 

18 Quality Assurance Objectives 
19 

20 Headspace-gas sampling may occur from three areas within drums of transuranic (TRU) waste 
21 (see Figure C6-1): 1) the drum headspace (i.e., the headspace directly under the drum lid), 
22 2) the 55-gallon (gal) (208-liter [L]) polyethylene (poly) bag headspace, and 3) the headspace 
23 of the innermost layers of confinement. The precision and accuracy of the drum headspace-gas 
24 sampling operations must be assessed by analyzing field QC headspace-gas samples. These 
25 samples must include equipment blanks, field reference standards, field blanks, and field 
26 duplicates. Table C6 1 illustrates which classes of analytes are required for each type of sample 
21 collected. If the quality assurance objectives (QAO!t described below are not met, a 
28 nonconformance report must be prepared, submitted, and resolved. 
29 

30 Precision 
31 

32 The precision of the headspace-gas sampling and analysis operation must be assessed by 
33 simultaneous collection of field duplicates for volatile organic compounds (VOC$t determination. 
34 Corrective actions must be taken if the relative percent difference (RPDt exceeds 25 percent. 
35 

36 Accuracy 
37 

38 A field reference standard must be collected using headspace-gas sampling equipment to assess 
39 the accuracy of the headspace-gas sampling operation. Corrective action must be taken if the 
40 percent reco11er)' (f{~Rt of the field-reference standard is less than 70 or greater than 130. 
41 

42 Completeness 
43 

44 Sampling completeness shall be expressed as the number of valid samples collected as a 
45 percent of the total number of samples collected. Participating sampling facilities must achieve 
46 a minimum 90 percent completeness. The amount and type of data that may be lost during the 
47 headspace-gas sampling operation cannot be predicted in advance. The importance of any lost 
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or contaminated headspace-gas samples must be evaluated by the site project quality assurance 1 

fQA} officer, and corrective action must be taken as appropriate. 2 

Comparability 3 

Consistent use and application of uniform procedures and equipment, as specified in the 4 

Transuranic Waste Characterization Sampling and Analysis Methods Manual (DOE, 1995), 5 

should ensure that headspace gas sampling operations are comparable when sampling different 6 

layers of confinement and at the different sampling facilities. 1 

Representativeness 8 

Specific headspace-gas sampling steps to ensure samples are representative include: 9 

• A sample canister cleaning and leak check 10 

• Sampling equipment cleaning or disposal after use 11 

• Sampling equipment leak check 12 

• Use of sample canisters with passivated internal surfaces 13 

Use of low-internal-volume sampling equipment 14 

• Collection of small-sample volume: low-sample volume to available headspace 15 

volume ratio 16 

Careful pressure regulation 17 

• Performance audits 18 

• Collection of equipment blanks, field reference standard, field blanks, and field 19 

duplicates. 20 

Ce-2$.f$ Sampling of Homogenous Solids and Soils/Gravel 21 

Quality Assurance Objectives 22 

To ensure that sampling is conducted in a representative manner on a waste-stream basis for 23 

waste containers containing homogenous solids and soil/gravel, samples must be collected 24 

randomly in both the horizontal and vertical planes of each container's waste. For waste 25 

containers that contain homogenous solids and soil/gravel in smaller containers (e.g., 1-gal [4.0- 26 

L] poly bottles) within the waste container, one randomly chosen smaller container must be 21 

sampled. 28 
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1 Precision 
2 

3 Sampling prec1s1on must be determined by collecting and sampling field duplicates (e.g., 
4 collocated cores as described in Appendix C4-2.2) once per sampling batch or once per week 
5 during sampling operations, whichever is more frequent. A sampling batch is a suite of 
6 homogenous solids and soil/gravel samples collected consecutively using the same sampling 
1 equipment within a specific time period. A sampling batch can be up to 20 samples (excluding 
8 field QC samples), all of which must be collected within 14 days of the first sample in the batch. 
9 The RPO between collocated samples must be calculated and reported by the site project QA 

10 officer. 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 Accuracy 
44 

45 Sampling accuracy shall not be measured. Because waste containers containing homogenous 
46 solids and soil/gravel with known quantities of analytes are not available, sampling accuracy 
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cannot be determined. However, sampling methods and requirements described are designed 1 

to minimize sample degradation and hence maximize sampling accuracy. 2 

Completeness 3 

Sampling completeness shall be expressed as the number of valid samples collected as a 4 

percent of the total number of samples collected. Participating sampling facilities must achieve 5 

a minimum 90 percent completeness. 6 

Comparability 1 

Consistent use and application of uniform procedures, sampling equipment, and measurement 8 

~: 
sam·p-ies .. m"Lisf ··parHdpate··rritile·· F>e.rrc»rma·nc:e···oemori"sfratlon Program (PDP). 12 

Representativeness 13 

Specific steps to ensure the representativeness of samples include the following for both waste 14 

containers and smaller containers: 15 

• Coring tools and sampling equipment must be clean prior to sampling 16 

• The entire depth of the waste must be cored, and the core collected must have 11 

a length greater than or equal to 50 percent of the depth of the waste. This is 18 

called the core recovery and is calculated as follows: 19 

where 

Core recovery (percen~ = X * 100 
x 

x = the depth of the waste in the container 
y =the length of the core collected from the waste. 

(C~-9) 

20 

21 

22 

• Coring operations and tool selection should be designed to minimize alteration of 23 

the in-place waste characteristics. Minimal waste disturbance must be verified by 24 

visually examining the core and describing the observation (e.g., undisturbed, 25 

cracked, or pulverized) in the field logbook. 26 

If core recovery is less than 50 percent of the depth of the waste, a second coring location shall 21 

be randomly selected. The core from the second location shall be used for sample collection 28 

regardless of the core recovery. 29 
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C6 3 Nondestructive Assav 

3 For the purposes of the prograrn, two pararneters describing the waste rnust be known: the total 
4 alpha asti'Jity and the activity of the individual isotopes present. The total alpha activity is a 
5 controlling variable for the arnount of radiolysis and associated radiolytis gas generation. The 
6 activities of individual isotopes are needed to determine fissile grarn equivalents and to perforrn 
1 other required salsulations. If a waste strearn rnay be sontarninated with radioactive rnaterials 
8 of 'Jariable or unknown isotopic sornposition, a rnethod independent of asseptable knowledge 
g rnust be used to determine the isotope ratios. This does net preclude the use ef aoseptable 

1 o kno'Nledge for the determination ef isetepe ratios at sorne facilities but does require that the 
11 bases for the isotope ratios that are used be dosurnented and supportable. The rneasurernent 
12 of total alpha activity and independent determination of isotopic ratios, obtained by 
13 nondestrusti'Je and/or destructive radioassay (RA) or asseptable knowledge, are sonsisered 
14 adequate for use in the prograrn. 
15 

16 Quality Assurance Objectives 
17 

18 Eash participating site rnust use one or rnore radioassay (RA) techniques. Eash site shall 
19 dernonstrate and teshnisally justify that the RA techniques used are appropriate for the spesifis 
20 wastes to whish they are applicable. The rationale for using a spesifis assay technique should 
21 include the physical form of the waste, the radionuslise content, and the waste generating 
22 process. In all oases, the total uncertainties in the assay rnust be salsulated using the terrns 
23 deri'Jes for sornplianse with the QAO for total uncertainty and reported with the data. The astual 
24 precision ans assurasy values obtained for waste containers will be a function of the waste type, 
25 total TRU content, its distribution, and sharacteristiss of the rneasurernent instrurnentation. The 
26 QAOs for precision, assurasy, rninirnurn setestable sonsentration (MDC), sornpleteness, ans total 
21 uncertainty are surnrnarized in Table C6 2. QAOs for nondestructive assay NDA are specifies 
28 over several different ranges of interest. These ranges are sornewhat arbitrary, but convenient, 
29 divisions whish are expected to ha'.1e differing contributions to inventory or are related to 
30 significant cutoffs (e.g. for shipping). Participating sites need only dernonstrate for insividual 
31 rneasurernent systerns that the QAOs san be achieved for the respesti'Je ranges over whish that 
32 systern 'Nill be used. Additional setails on the individual QAO pararneters are given below. 
33 

34 Precision 
35 

36 The precision of eash rneasurernent technique rnust be determined through replicate processing 
37 of a 'Naste container containing a known quantity of the radioactive rnaterial of interest. The 
38 speoifis rnethod for dernonstrating sornplianse with the QAO for precision in RA 'Nill be 
39 irnplernented by generator site quality assurance project plans (QAPjP). 
40 

41 Acsuras>1 
42 

43 Acsurasy is determines through replicate processing of a waste container containing a known 
44 quantity of the radioactive rnaterial of interest. Accuracy is oalc1:1lated frorn the ratio of the rnean 
45 rneasured estirnate to the known value for an accepted calibration or verification standard. 
46 Calibration standards are those uses to determine the response characteristics of a 
47 rneasurernent systern. Verification standards are used te test the 'Jalidit-y of a oalibratien 
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independently of the original oalibration standards. 'Nhenever possible, both radioaGtive 
salibration and 'Jerifioation standards shall be obtained frem so1::1rses that maintain meas1::1rement 
systems traceable to the National lnstit1::1te fer Standards and Teshnology (NIST). Evidense of 
s1::1sh traseability and oertifisates fer individ1::1al standards shall be obtained from the standards 
s1::1ppliers. The specifis method fer demonstrating somplianse with the QAO fer ass1::1rasy in RA 
will be implemented in generator site QAPjPs. The bias of a RA teshniq1::1e or meas1::1rement 
system is defined as the systematis errer oomponent of the total 1::1nsertainty. The systematis 
error is sonstant fer the test or test sonditions. For the program, the determination of aos1::1rasy 
is also an estimate of the bias of a meas1::1rement system. 

Sensitivity limits 

Oiscrimination betit1een low level 'Naste (bbVV) and TRU waste for the program may only be 
made with systems fer 'Nhich adeq1::1ate sensitivity limits have been dos1::1mented. The ability to 
ashieve the req1::1ired deteGtion limit in Table Ce 2 m1::1st be demonstrated fer eash spesifis waste 
type/method oombination planned fer 1::1se in the program. 

For the program, deteGtion limits will be defined to be that level of radioaGtivity 'A'hich, if present, 
will yield a meas1::1red val1::1e less than the oritisal limit with 5 persent probability. The sritisal limit 
is defined as that 11al1::1e that meas1::1rements of the baskgro1::1nd will exceed with 5 persent 
probability. 

Minim1::1m Oetectable Consentration 

The deteGtion limit 1::1sed in the program is the MOC. This sonsept sorresponds to a level of 
astivity that is prastisally achievable i,uith a given instFl::lment, analytioal method, and 
analytelmatrix sombination. The MOC sonsiders not only the instF1::1ment sharaGteristiss 
(baskgro1::1nd and effisiency), b1::1t also all other fastors and sonditions that infl1::1enoe the 
meas1::1rement. It is an a pr:ior:i (befere the fast) estimate of the aGti•1ity oonsentration that san 
be praGtioally achieved 1::1nder a set of typisal meas1::1rement conditions. These wo1::1ld insl1::1de the 
waste q1::1antity, 001::1nting time, matrix spesifis sorrestions, desay sorrestions, and any other 
faGtors that somprise the astivity concentration determination. It is 1::1sefl::ll for establishing that 
some minim1::1m overall meas1::1rement sonditions san be met. Any of several faGtors 1::1nder 
operator control 001::1ld be varied to obtain the req1::1ired MOC. 

The MOC is an a pr:ior:i estimate of the deteGtion sapabilities of a given meas1::1rement system and 
method. It is based on the premise that from a knowledge of the baskgro1::1nd so1::1nt and other 
meas1::1rement system parameters, an a pr:ior:i limit can be estimated fer a partio1::1lar 
meas1::1rement. 

The MOC is defined on the basis of statistisal hypothesis testing fer the presense of aGtivity. 
This approaoh is sommon to many authors and has been dessribed extensively (Currie, 1 QeB; 
EPA, 1Q80). 

The MOC may be sals1::1lated from: 
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where 

MDC ~~ (2.71 + 4.65 * si) 

K,. - the proportionality constant relating the detector response (co1:Jnts) to the 
acti'lity, s1:Jch as K-1/e, where e is an o\1erall detection efficiency, or K-1/1,.e,. 
where I,. is the garnrna ray ernission probability per decay and e,. the detection 
efficiency for the garnrna ray 

K2 - the factor 1Nhich relates the total acti'lity deterrnined by the · rneas1:Jrernent 
systern to an activity concentration in waste l:lnder a gi'len set of rneas1:Jrernent 
conditions, for exarnple, the weight of waste assayed and a self absorption 
correction 

13 Su -· the standard de'Jiation of the backgro1:Jnd. 
14 

15 This eq1:Jation incorporates the following assl:lrnptions: 
16 

17 

18 

19 

20 

21 

22 

23 

24 

• The preselected risk for concl1:Jding falsely that acti'lity is present abo\1e the 
critical level (e) and the predeterrnined degree of confidence for correctly 
detecting its presence above the critical le1.iel (1 Q.) is 5 and 95 percent, 
respecti'lely. 

• In the vicinity of the MDC, the gross rneas1:Jrernent co1:Jnts and backgro1:Jnd co1:1nts 
will be approxirnately eq1:Jal. 

25 This eq1:Jation represents the sirnplest case. Alternate eq1:Jations ha'Je been described for 
26 rn1:Jlticornponent and spectrornetry based systerns (Pasternack and Marley, 1971; Fisenne 
21 et al., 1973). Sites rnay propose calc1:Jlational bases rnore appropriate to their rneas1:JFernent 
28 systerns. Sl:lch alternate rnethods rn1:Jst be described in standard operating proced1:Jres (SOP) 
29 and incorporate the sarne risks of false detection and false nondetection as described above. 
30 Calc1:Jlations 1:1sed to dernonstrate attainrnent of the QAO for the MDC sho1:Jld 1:Jse typical or 
31 average val1:Jes for the pararneters cornprising K2 in Eq1:Jation C6 28 10. 
32 

33 Total Uncertainty 
34 

35 Total 1:Jncertainty incl1:Jdes propagated 1:Jncertainty for all corrections and factors applied to the 
36 analysis of real wastes to cornpensate for inhornogeneities and rnatrix interferences. The ability 
37 to achieve the QAO for total 1:1ncertainty is not dernonstrated solely frorn specific rneas1:Jrernents. 
38 The ability to achie'le this QAO will be deterrnined frorn an e\1al1:1ation by an expert review tearn 
39 of the propagation of all 1:Jncertainties as doc1:Jrnented by the site. The QAOs for total l:lncertainty 
40 are expected to be achie'Jable in the presence of backgro1:1nds generated by alpha and garnrna 
41 ernitting so1:1rces and in the presence of interfering q1:Jantities of ne1:Jtron and garnrna absorbing 
42 and rnoderating rnaterial, as is the case for rnl:lch of the waste enco1:1ntered in the prograrn. 
43 

44 
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Acceptaele RA data shall ee oetained for 1 QQ persent of the waste containers characterized for 2 

disposal. Acceptaele RA data shall consist of data on the radioactivity content of the l/Jaste 3 

package obtained from measurement systems that have been demonstrated to have met all the 4 

relevant QAOs for RA. RA data shall be validated as implemented by generator site QAPjPs 5 

prior to shipment of the waste to the VVIPP facility. 5 

Comparability 1 

For purposes of the program, when multiple systems are planned for use in determining the 8 

same or comparable parameters, the participating sites shall perform multiple, independent RAs 9 

of a sample of waste containers. Data from these multiple, independent radioassays shall be 10 

reported to U.S. Department of Energy (DOE) Carlsbad Area Office (CAO) in semiannual QA 11 

reports as evidence of method comparaeility. 12 

Regardless of the number and type of RA methods in use, each site shall participate in relevant, 13 

interlaboratory comparison programs. In this context, "relevant" means the measurement in any 14 

environmental er waste media of any parameter required in the waste characterization program 15 

using a measurement system or method planned for use in the 'Naste characterization program. 15 

Data frem such programs shall be reperted te DOE/CAO for evaluation. \IV.here existing 11 

programs are inadequate, modified or new programs will ee developed to ensure that an 18 

appropriate program is available for each general class of RA. 19 

C~ Radiography 20 

Quality Assurance Objectives 21 

The QAOs for radiography are detailed in this section. If the QAOs described below are not met, 22 

then corrective action, such as additional operator training must be taken. It should be noted 23 

that radiography does not have a specific MDL because it is primarily a qualitative determination. 24 

The objective of radiography for the program is to verify the waste matrix parameters for each 25 

waste container and to estimate each waste material parameter weight (Table C~if1). All 25 

activities required to achieve these objectives must be described in site quality assurance project 27 

plan (QAPjP) and !t~t@@t@i!i!SP!fl!n§:,prqq~gyt~~ (SOPsOO. 28 

Data to meet these objectives must be obtained from an audio/videotaped scan provided by 29 

trained radiography operators at the sites. Results must also be recorded on a radiography data 30 

form. The precision, accuracy, completeness, and comparability objectives for radiography data 31 

are presented below. 32 

Precision 33 

The qualitative determinations, such as verifying the matrix parameter category, made during 34 

radiography do not lend themselves to statistical evaluation of precision. However, comparison 35 

of data derived from radiography and visual examination on the same waste containers at the 36 

Rocky Flats §OV!t90lifit•t!i!!:;f~O§!§§J'.!i!iJ?,tt~::::::(@fflEi§00Plant (RFP) and the Idaho National 37 
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1 Engineering Laboratoryf:(IJ'il.Mi indicates that radiography operators can provide estimated 
2 inventories and weights ofw~i"ste items in a waste container. As a measure of precision, the site 
3 project QA officer shall calculate and report the RPO between the estimated waste material 
4 parameter weights as determined by radiography and these same parameters as determined by 
5 visual examination. 
6 

1 Accuracy 
8 

9 The accuracy with which the matrix parameter category and waste material parameter weights 
10 can be determined must be documented through visual examination of a randomly selected 
11 statistical portion of waste containers. The percentage of waste containers that require 
12 assignment to a different waste matrix parameter category after visual examination must be 
13 calculated and reported by the site project QA officer as a measure of radiography accuracy. 
14 

15 Completeness 
16 

11 An audio/videotape of the radiography examination and a validated radiography data form will 
18 be obtained for 100 percent of the retrievably stored waste containers in the program. 
19 

20 Comparability 
21 

22 The comparability of radiography data from different sites shall be enhanced by using 
23 standardized radiography procedures and operator qualifications. 
24 

25 C~§ Gas Volatile Organic Compound Analysis 
26 

21 Quality Assurance Objectives 
28 

29 The development of data quality objectives (DQO) specifically for this program has resulted in 
30 the QAOs listed in Table Ce-4$f2. The specified QAOs represent the required quality of data 
31 necessary to draw valid conclusi'ons regarding program objectives. Program-required limits, such 
32 as the program required quantitation limits (PRQL) associated with VOC analysis, are specified 
33 to ensure that the analytical data collected satisfy the requirements of all data users. !M$.lftifii!M 
34 ef:~ni::l!f!i!!¥::&2n~r9=":::§1m11i!:1m::11:::@119i1me:::mimemnii::B111:::!1::~m!!f!a~1un:::mi~Ji:::11t~i. 
35 Key data-quality indicators for laboratory measurements are defined below. 
36 

37 Precision 
38 

39 Precision shall be assessed by analyzing laboratory duplicates and replicate analyses of 
40 laboratory-control samples and PDP blind-audit samples. Results from measurements on these 
41 samples must be compared to the criteria listed in Table Ce-4$.f,4:. These QC measurements will 
42 be used to demonstrate acceptable method performance ancffo trigger corrective action when 
43 control limits are exceeded. 
44 

45 
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Accuracy as percent R MJ.:g:::shall be assessed for the laboratory operations by analyzing PDP 2 

blind audit samples and iaboratory-control samples. Results from these measurements must be 3 

compared to the criteria listed in Table C9-41ff,. These QC measurements will be used to 4 

demonstrate acceptable method performance and to trigger corrective action when control limits 5 

are exceeded. 6 

Method Detection Limit 7 

Methed detectien limits (MDL$} shall be expressed in nanograms for voes and must be less 8 

than or equal to those listed in.Table Ce-4$f.i. MDLs shall be determined based on the method 9 

described in the QAPP. The detailed procedures for MDL determination shall be included in site 10 

SOPs. 11 

Program Required Quantitation Limit 12 

Laboratories must demonstrate the capability to quantitate analytes at or below the PRQLs given 13 

in Table Ce 41,f~:. Laboratories shall set the concentration of at least one calibration standard 14 

below the PRQL. The detailed procedures for PRQL demonstration shall be included in 15 

laboratory SOPs. 16 

Completeness 17 

Laboratory completeness shall be expressed as the number of samples analyzed with valid 18 

results as a percent of the total number of samples submitted for analysis. Participating 19 

laboratories must meet the completeness specified in Table C9-4f:t~~ 20 

Comparability 21 

For voe analysis, data generated through analysis of samples from different sites shall be 22 

comparable. Comparability will be achieved by using standardized methods and traceable 23 

standards and by requiring by all sites to participate in the PDP. 24 

Representativeness 25 

Representativeness for VOC analysis shall be achieved by collecting sufficient numbers of 26 

samples using clean sampling equipment that does not introduce sample bias. Samples must 27 

be collected as described in Appendix C4. 28 

C~ Total Volatile Organic Compound Analysis 29 

Quality Assurance Objectives 30 

The development of DQOs specifically for this program has resulted in the QAOs listed in 31 

Table C~. The specified QAOs represent the required quality of data necessary to draw 32 

valid concluskms regarding program objectives. Program-required limits, such as the PRQL 33 
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associated with VOC analysis, are specified to ensure that the analytical data collected satisfy 
2 the requirements of all data users. Key data-quality indicators for laboratory measurements are 
3 defined below. 
4 

5 Precision 
6 

7 Precision shall be assessed by analyzing laboratory duplicates, replicate analyses of laboratory-
8 control samples, matrix-spike duplicates, and PDP blind-audit samples. Results from 
9 measurements on these samples must be compared to the criteria listed in Table C~. 

10 These QC measurements will be used to demonstrate acceptable method performance and fo 
11 trigger corrective action when control limits are exceeded. 
12 

13 Accuracy 
14 

15 Accuracy as percent M).R shall be assessed for the laboratory operations by analyzing laboratory 
15 control samples, matnx spikes, surrogate compounds, and PDP blind-audit samples. Results 
17 from these measurements must be compared to the criteria listed in Table Ce-91ti· These QC 
18 measurements will be used to demonstrate acceptable method performance and to trigger 
19 corrective action when control limits are exceeded. 
20 

21 Method Detection Limit 
22 

23 MDLs shall be expressed in milligrams per kilogram (mg/kg) for VOCs and must be less than or 
24 equal to those listed in Table Ce-a$.8.l.L The detailed procedures for MDL determination shall be 
25 included in site SOPs. . ....... . 
26 

27 Program Required Quantitation Limit 
28 

29 Laboratories must demonstrate the capability to quantitate analytes in samples at or below the 
30 PRQLs given in Table C~. Laboratories shall set the concentration of at least one 
31 calibration standard below the PRQL. The detailed procedures for PRQL demonstration shall 
32 be included in laboratory SOPs. 
33 

34 Completeness 
35 

36 Laboratory completeness shall be expressed as the number of samples analyzed with valid 
37 results as a percent of the total number of samples submitted for analysis. Participating 
38 laboratories must meet the completeness specified in Table Ce 511'-
39 

40 Comparability 
41 

42 For VOC analysis, data generated through analysis of samples from different sites shall be 
43 comparable. Comparability will be achieved by using standardized methods and traceable 
44 standards and by requiring all sites to participate in the PDP. 
45 
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Representativeness for VOC analysis shall be achieved by collecting unbiased samples. 2 

Samples must be collected as described in Appendix C4. 3 

Ce-+ltl Total Semivolatile Organic Compound Analysis 4 

Quality Assurance Objectives 5 

The development of DQOs specifically for this program has resulted in the QAOs listed in 6 

Table C~. The specified QAOs represent the required quality of data necessary to draw 1 

valid conclusions regarding program objectives. Program-required limits, such as the PRQLs, 8 

are specified to ensure that the analytical data collected satisfy the requirements of all data g 

~!!!'!~!!! ~! 
Precision 13 

Precision shall be assessed by analyzing laboratory duplicates, replicate analyses of laboratory 14 

control samples, matrix spike duplicates, and PDP blind audit samples. Results from 15 

measurements on these samples must be compared to the criteria listed in Table Ca-+l~t- 16 

These QC measurements will be used to demonstrate acceptable method performance and.fo 11 

trigger corrective action when control limits are exceeded. 18 

Accuracy 19 

Accuracy, as percent IR, shall be assessed for the laboratory operations by analyzing 20 

laboratory- control sampies, matrix spikes, surrogate compounds, and PDP blind-audit samples. 21 

Results from these measurements must be compared to the criteria listed in Table Ce-+ltt. 22 

These QC measurements will be used to demonstrate acceptable method performance ana··1a 23 

trigger corrective action when control limits are exceeded. 24 

Method Detection Limit 25 

MDLs shall be expressed in mg/kg for SVOCs and must be less than or equal to those listed in 26 

Table C6 71!- The detailed procedures for MDL determination shall be included in site SOPs. 21 

Program Required Quantitation Limit 28 

Laboratories must demonstrate the capability to quantitate analytes in samples at or below the 29 

PRQLs given in Table Ce-+$.f,$L Laboratories shall set the concentration of at least one 30 

calibration standard below the·.·.·PRQL. The detailed procedures for PRQL demonstration shall 31 

be included in laboratory SOPs. 32 
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Completeness 

3 Laboratory completeness shall be expressed as the number of samples analyzed with valid 
4 results as a percent of the total number of samples submitted for analysis. Participating 
5 laboratories must meet the level of completeness specified in Table C~~~ 
6 

7 Comparability 
8 

9 For SVOC analysis, data generated through analysis of samples from different sites shall be 
10 comparable. Comparability will be achieved by using standardized methods and traceable 
11 standards and by requiring all sites to participate in the PDP. · 
12 

13 Representativeness 
14 

15 Representativeness for SVOC analysis shall be achieved by collecting unbiased samples. 
16 Samples must be collected as described in Appendix C4. 
17 

18 C~I Total Metal Analysis 
19 

20 Quality Assurance Objectives 
21 

22 The development of DQOs for the program has resulted in the QAOs listed in Table ce-sat1. 
23 The specified QAOs represent the required quality of data necessary to draw valid concluslCi.ns 
24 regarding program objectives. Program-required limits, such as the PRQLs associated with 
25 metal analysis, are specified to ensure that the analytical data collected satisfy the requirements 
26 of a11 data users. lii!ml!li::et:ly@!l!l:Bn~t9ti§!m:e!!!J\1=Mi'll:::111m!m9::::1,gHelnii::£lift! 
21 f§r: 'mi~ ~rj@ly~i~jj]~t:=:prqy{q~9:::Jrt:::E!~m:::Mif~t~l' ''''Key data-quality indicators for laboratory 
28 measurements are defined below. 
29 

30 Precision 
31 

32 Precision shall be assessed by analyzing laboratory matrix spike duplicates, replicate analyses 
33 of laboratory-control samples, and PDP blind-audit samples. Results from measurements on 
34 these samples must be compared to the criterion listed in Table Ce-8$.fa. These QC 
35 measurements will be used to demonstrate acceptable method performance·· and to trigger 
36 corrective action when control limits are exceeded. 
37 

38 Accuracy 
39 

40 Accuracy shall be assessed through the analysis of laboratory matrix spikes, PDP blind-audit 
41 samples, and laboratory-control samples. Results from these measurements must be compared 
42 to the criterion listed in Table Ce-8$fl. These QC measurements will be used to demonstrate 
43 acceptable method performance .. a.nd to trigger corrective action when control limits are 
44 exceeded. 
45 
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Pregram required detectien limits (PRDL'=t· expressed in units of micrograms per L (µg/L), are 2 
the maximum values for instrument detection limits (IDL) permissible for program support under 3 

the QAPP. IDLs must be less than or equal to the PRDL for the method used to quantitate a 4 

specific analyte. Any method listed in Table C6 9§j1i1f§fi~hli!il.PP!!~t~90. may be used if the IDL 5 

meets this criteria. For high concentration sampies: an· exceptf6n.fa· fhe above requirements 6 

may be made in cases where the sample concentration exceeds five times the IDL of the 7 

instrument being used. In this case, the analyte concentration may be reported even though the 8 

IDL may exceed the PRDL. IDLs shall be determined semiannually (i.e., every six months). 9 

Detailed procedures for IDL determination shall be included in laboratory SOPs: 10 

Program Required Quantitation Limit 11 

Laboratories must demonstrate the capability of analyte quantitation at or below the PRQLs in 12 

units of mg/kg dry weight (given in Table C&-8$.~). The PRDLs are set an order of magnitude 13 

less than the PRQLs (assuming 100 percent ··5'()1id sample diluted by a factor of 100 during 14 

preparation). Laboratories shall set the concentration of at least one QC or calibration standard 15 

at or below the solution concentration equivalent of the PRQL. Detailed calibration procedures 16 

shall be included in site SOPs. 11 

Completeness 18 

Laboratory completeness shall be expressed as the number of samples analyzed with valid 19 

results as a percent of the total number of samples submitted for analysis. Participating 20 

laboratories must meet the completeness specified in Table C6 8~r§!. 21 

Comparability 22 

Data generated through analysis of samples from different sites shall be comparable. 23 

Comparability will be achieved by using standardized methods and traceable standards and by 24 

requiring all sites to participate in the PDP. 25 

Representativeness 26 

Representativeness for metals analysis shall be achieved by the collection of unbiased samples. 21 

Samples must be collected as described in Appendix C4. 28 

29 
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TABLE CB-1 
WASTE MATERIAL PARAMETERS AND DESCRIPTIONS 

Waste Material Parameter Description 

Iron-based Metals/Alloys Iron and steel alloys in the waste; does not include the waste 
container materials 

Aluminum-based Metals/Alloys Aluminum or aluminum-based alloys in the waste materials 

Other Metals All other metals found in the waste materials 

Other Inorganic Materials Nonmetallic inorganic waste including concrete, glass, firebrick, 
ceramics, sand, and inorganic sorbents 

Cellulosics Materials generally derived from high-polymer plant carbohydrates; 
(e.g., paper, cardboard, wood, and cloth) 

Rubber Natural or man-made elastic latex materials; (e.g., surgeons' gloves, 
and leaded rubber gloves) 

Plastics (waste materials) Generally man-made materials, often derived from petroleum 
feedstock; (e.g., polyethylene and polyvinylchloride) 

Organic Matrix Cemented organic resins, solidified organic liquids and sludges 

Inorganic Matrix Any homogeneous materials consisting of sludge or aqueous-based 
liquids that are solidified with cement, calcium silicate, or other 
solidification agents; (e.g., wastewater treatment sludge, cemented 
aqueous liquids, and inorganic particulates) 

Soils/gravel Generally consists of naturally occurring soils that have been 
contaminated with inorganic waste materials 

Steel (packaging materials) 55-gal (208-L) drums 

Plastics (packaging materials) 90-mil polyethylene drum liner and plastic bags 
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GAS VOLATILE ORGANIC COMPOUNDS TARGET ANAL YTE LIST 
AND QUALITY ASSURANCE OBJECTIVES 

CAS Precision• Accuracy• MD Lb PRQLb Completeness 
Compound Number (%RSD or RPO) (%R) (ng) (ppmv) (%) 

Benzene 71-43-2 ~25 70-130 10 10 90 
Bromoform 75-25-2 ~25 70-130 10 10 90 
Carbon tetrachloride 56-23-5 ~25 70-130 10 10 90 
Chlorobenzene 108-90-7 ~25 70-130 10 10 90 
Chloroform 67-66-3 ~25 70-130 10 10 90 
Cyclohexane 110-87-7 ~25 70-130 10 10 90 
1 , 1-Dichloroethane 75-34-3 ~25 70-130 10 10 90 
1,2-Dichloroethane 107-06-2 ~25 70-130 10 10 90 
1 , 1-Dichloroethylene 75-35-4 ~25 70-130 10 10 90 
cis-1,2-Dichloroethylene 156-59-2 ~25 70-130 10 10 90 
Ethyl benzene 100-41-4 ~25 70-130 10 10 90 
Ethyl ether 60-29-7 ~25 70-130 10 10 90 
Formaldehydec 50-00-0 ~25 70-130 10 10 90 
Hydrazined 302-01-2 ~25 70-130 10 10 90 
Methylene chloride 75-09-2 ~25 70-130 10 10 90 
1, 1,2,2-Tetrachloroethane 79-34-5 ~25 70-130 10 10 90 
Tetrachloroethylene 127-18-4 ~25 70-130 10 10 90 
Toluene 108-88-3 ~25 70-130 10 10 90 
·1, 1, 1-Trichloroethane 71-55-6 ~25 70-130 10 10 90 
Trichloroethylene 79-01-6 ~25 70-130 10 10 90 
1, 1,2-Trichloro-1,2,2- 76-13-1 ~25 70-130 10 10 90 

trifluoroethane 
1,2,4-Trimethylbenzene 95-63-6 ~25 70-130 10 10 90 
1,3,5-Trimethylbenzene 108-67-8 ~25 70-130 10 10 90 
m-Xylene• 108-38-3 ~25 70-130 10 10 90 
o-Xylene 95-47-6 ~25 70-130 10 10 90 
p-Xylene• 106-42-3 ~25 70-130 10 10 90 
Acetone 67-64-1 ~25 70-130 150 100 90 
Butanol 71-36-3 ~25 70-130 150 100 90 
Methanol 67-56-1 ~25 70-130 150 100 90 
Methyl ethyl ketone 78-93-3 ~25 70-130 150 100 90 
Methyl isobutyl ketone 108-10-1 ~25 70-130 150 100 90 

2 

3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

"Criteria apply to PRQL concentrations. 37 
bValues based on delivering 10 mL to the analytical system. 38 
cRequired only for homogenous solids and soil/gravel from Los Alamos National Laboratory. 39 
dRequired only for homogenous solids and soil/gravel from Oak Ridge National Laboratory and the Savannah River Site. 40 
"These xylene isomers cannot be resolved by the analytical methods employed in this program. 41 

CAS 
o/oRSD 
RPO 
o/oR 
MDL 

PRQL 

Chemical Abstract Service 
Percent relative standard deviation 
Relative percent difference 
Percent recovery 
Method detection limit (maximum permissible value, total number of nanograms delivered to the 
analytical system per sample) (nanograms) 
Program required quantitation limit (parts per million/volume basis) 
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TABLE CB-3 
2 SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 
3 FREQUENCIES FOR GAS VOLATILE ORGANIC COMPOUND ANALYSIS 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

QC Sample 

Method performance 
samples 

Laboratory duplicates 

Laboratory blanks 

Laboratory control 
samples 

Blind audit samples 

Minimum Frequency Acceptance Criteria 

Seven (7) samples Meet method QAOs 
initially and four (4) 
semiannually 

One (1) per analytical RPD:S25b 
batch 

Daily prior to sample Analyte amounts <3 x 
analysis MD Ls 

One (1) per analytical 70-130 o/oR 
batch 

Samples and Specified in the Gas 
frequency controlled by PDP Plan 
the Gas PDP Plan 

14 acorrective action when QC samples do not meet the acceptance criteria. 
15 bApplies only to concentrations greater than the PRQLs listed in Table CB-2. 
16 

17 

18 

19 

20 
21 

22 

MDL = Method Detection Limit 
QAO = Quality Assurance Objective 
PDP = Performance Demonstration Program 
%R = Percent Recovery 
RPO = Relative Percent Difference 

AU5-95/WP/WIPPARTB/REV5CR:APC6 CB-22 

Corrective Actiona 

Repeat until 
acceptable 

Nonconformance if 
RPO >25 

Nonconformance if 
analyte amounts > 3 x 
MD Ls 

Nonconformance is 
%R <70 or >130 

Specified in the Gas 
PDP Plan 
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TOTAL VOLATILE ORGANIC COMPOUNDS TARGET ANALYTE LIST 2 

AND QUALITY ASSURANCE OBJECTIVES 3 

CAS Precision• 
Compound Number (%RSD or RPO) 

Benzene 71-43-2 ::;4s 
Bromoform 7S-2S-2 ::;47 
Carbon disulfide 7S-1 S-O ::;so 
Carbon tetrachloride S6-23-S ::;30 
Chlorobenzene 108-90-7 ::;38 
Chloroform 67-66-3 ::;44 
1 .4-Dichlorobenzeneb 106-46-7 ::;60 
ortho-Dichlorobenzeneb 9S-S0-1 ::;60 
1,2-Dichloroethane 107-06-2 ::;42 
1, 1-Dichloroethylene 7S-3S-4 ::;2so 
Ethyl benzene 100-41-4 ::;43 
Methylene chloride 7S-0.9-2 ::;SO 
1, 1,2,2-Tetrachloroethane 79-34-S ::;SS 
Tetrachloroethylene 127-18-4 ::;29 
Toluene 108-88-3 ::;29 
1, 1, 1-Trichloroethane 71-SS-6 ,;;;33 
1, 1,2-Trichloroethane 79-00-S ::;38 
Trichloroethylene 79-01-6 ,;;;35 
Trichlorofluoromethane 7S-69-4 ::;110 
1, 1,2-Trichloro-1,2,2- 76-13-1 ::;so 

trifluoroethane 
Vinyl chloride 7S-01-4 ::;200 
m-xylene 108-38-3 ::;SO 
a-xylene 9S-47-6 ::;so 
p-xylene 106-42-3 ::;so 
Acetone 67-64-1 ::;so 
Bu ta no I 71-36-3 ::;SO 
Ethyl ether 60-29-7 ::;so 
Formaldehyde" S0-00-0 ::;SO 
Hydrazine' 302-01-2 ::;SO 
lsobutanol 78-83-1 ::;so 
Methanol 67-S6-1 ::;so 
Methyl ethyl ketone 78-93-3 ::;SO 
Pyridineb 110-86-1 ::;SO 

•criteria apply to PRQL concentrations. 
bean also be analyzed as a semi-volatile organic compound. 
0 0etected; result must be greater than zero. 
dEstimate, to be determined. 

Accuracy• MDL 
(%R) (mg/kg) 

37-1S1 1 
4S-169 1 
60-1 SO 1 
70-140 1 
37-160 1 
S 1-138 1 
18-190 1 
18-190 1 
49-1 SS 1 
D-234° 1 
37-162 1 
D-221 c 1 
46-1S7 1 
64-148 1 
47-1SO 1 
S2-162 1 
S2-1 SO 1 
71-1 S7 1 
17-181 1 
60-1 SO 1 

D-2S1° 1 
60-1 SO 1 
60-1 SO 1 
60-1SO 1 
60-1 SO 1 od 
60-1 SO 1 od 
60-1 SO 1 od 
60-1 SO 1 od 

60-1 SO 1 od 
60-1SO 1 od 
60-1 SO 1 od 
60-1SO 1 od 
60-1 SO 1 od 

"Required only for homogenous solids and soil/gravel from Los Alamos National Laboratory. 

PRQL Completeness 
(mg/kg) (%) 

10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 
10 90 

4 90 
10 90 
10 90 
10 90 

100 90 
100 90 
100 90 
100 90 
100 90 
100 90 
100 90 
100 90 
100 90 

'Required only for homogenous solids and soil/gravel from Oak Ridge National Laboratory and Savannah River Site. 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 
44 

CAS 
%RSD 
RPO 
%R 
MDL 
PRQL 

Chemical Abstract Service 45 
Percent relative standard deviation 46 
Relative percent difference 47 
Percent recovery 48 
Method detection limit (maximum permissible value) (milligrams per kilogram) 49 
Program required quantitation limit; calculated from the toxicity characteristic level for benzene assuming 50 
a 0.9 oz (2S-gram [g)) sample, 0.1 gal (O.S liter [Lil of extraction fluid, and 100 percent analyte 51 
extraction (milligrams per kilogram) 52 
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3 TABLE C8-5 
4 SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 
5 FREQUENCIES FOR TOTAL VOLATILE ORGANIC COMPOUND ANALYSIS 
6 

7 

8 
9 

10 

11 

12 

13 

14 
15 

16 

17 

18 

QC Sample 

Method performance 
samples 

Laboratory duplicatesb 

Laboratory blanks 

Matrix spikes 

Matrix spike duplicates 

Laboratory control 
samples 

Surrogate compounds 

Blind audit samples 

Minimum Frequency 

Seven (7) samples initially 
and four (4) semiannually 

One (1) per analytical batch 

One (1) per analytical batch 

One (1) per analytical batch 

One (1) per analytical batch 

One (1) per analytical batch 

Each analytical sample 

Samples and frequency 
controlled by the Solid PDP 
Plan 

Acceptance 
Criteria 

Meet total VOC analysis 
QA Os 

Meet total VOC analysis 
RPDs 

Analyte concentrations < 3 
x MDLs 

Meet total VOC analysis 
%Rs in QAP 

Meet total VOC analysis 
RPDs and %Rs 

80 - 120 %R 

Average %R from minimum 
of 30 samples for a given 
matrix ±3 standard 
deviations 

Specified in the Solid PDP 
Plan 

19 "Corrective Action when QC samples do not meet the acceptance criteria. 

Corrective 
Action• 

Repeat until acceptable 

Nonconformance if RPDs > 
values in Table C8-4 

Nonconformance if analyte 
concentrations > 3 x MDLs 

Nonconformance if %Rs are 
outside the range specified 
in QAPP 

Nonconformance if RPDs 
and %Rs > values in Table 
C8-4 

Nonconformance if %R < 80 
or> 120 

Nonconformance if %R < 
(average %R - 3 standard 
deviation) or > (average %R 
+ 3 standard deviation) 

Specified in the Solid PDP 
Plan 

20 bMay be satisfied using matrix spike duplicate; acceptance criteria applies only to concentrations greater than 
21 the PRQLs listed in Table Cl~!· 
22 
23 
24 
25 
26 
27 
28 

MDL 
QAO 
PDP 
%R 
RPD 

Method detection limit 
Quality assurance objective 
Performance Demonstration Program 
Percent recovery 
Relative percent difference 
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SEMI-VOLATILE ORGANIC COMPOUND TARGET ANALYTE LIST 
AND QUALITY ASSURANCE OBJECTIVES 

CAS 
Compound Number 

Cresols 1319-77-3 
1,4-Dichlorobenzeneb 106-46-7 
ortho-Dichlorobenzeneb 9S-S0-1 
2,4-Dinitrophenol S1-28-S 
2,4-Dinitrotoluene 121-14-2 
Hexachlorobenzene 118-74-1 
Hexachloroethane 67-72-1 
Nitrobenzene 98-9S-3 
Polychlorinated Biphenyls 

Aroclor 1016c 12674-11-2 
Aroclor 1221 c 11104-28-2 
Aroclor 1232c 11141-16-S 
Aroclor 1242c S3469-21-9 
Aroclor 1248c 12672-29-6 
Aroclor 12S4c 11097-69-1 
Aroclor 1260c 11096-82-S 

Pentachlorophenol 87-86-S 
Pyridineb 110-86-1 

Chemical Abstract Service 
Percent relative standard deviation 
Relative percent difference 
Percent recovery 

Precision• 
(%RSD or Accuracy• MDL 

RPDI (%RI (mg/kg) 

sso 60-1 SO s 
S86 20-124 s 
S64 32-129 s 

S119 D-172d s 
S46 39-139 0.3 

S319 D-1 S2d 0.3 
S44 40-113 s 
S72 3S-180 s 

s 
S33 S0-114 5 

s110 1 S-178 s 
S128 10-21 S s 
S49 39-1SO s 
SSS 38-1 S8 s 
S62 29-131 s 
SS6 8-127 s 

S128 14-176 s 
sso 60-1 SO s 

Method detection limit (maximum permissible value) (milligrams per kilogram) 

Completenes 
PRQL s 

(mg/kg) (%) 

40 90 
40 90 
40 90 
40 90 

2.6 90 
2.6 90 

40 90 
40 90 
40 90 
40 90 
40 90 
40 90 
40 90 
40 90 
40 90 
40 90 
40 90 
40 90 

CAS 
%RSD 
RPD 
%R 
MDL 
PRQL Program required quantitation limit; calculated from the toxicity characteristic level for nitrobenzene 

assuming a 100-gram (g) sample, O.S gal (2 liter [L)) of extraction fluid, and 100 percent analyte 
extraction (milligrams per kilograms) 

"Criteria apply to PRQL concentrations 
bean also be analyzed as a volatile organic compound 
cRequired only for matrix parameter category 53220 (organic sludges) 
dDetected; result must be greater than zero 
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10 
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22 

23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
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TABLE CS-7 
2 SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 
3 FREQUENCIES FOR TOTAL SEMI-VOLATILE ORGANIC COMPOUNDS 
4 ANALYSIS 
5 

6 

7 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

QC Sample 

Method performance 
samples 

Laboratory duplicatesb 

Laboratory blanks 

Matrix spikes 

Matrix spike duplicates 

Laboratory control 
samples 

Surrogate compounds 

Blind audit samples 

Minimum Frequency Acceptance Criteria 

Seven (7) samples Meet Table C8-7 
initially and four (4) QA Os 
semiannually 

One (1) per analytical Meet Table C8-7 RPDs 
batch 

One (1) per analytical Analyte concentrations 
batch <3 x MDLs 

One (1) per analytical Meet Table C8-7 %Rs 
batch 

One (1) per analytical Meet Table C8-7 RPDs 
batch and %Rs 

One (1) per analytical 80 - 120 %Rs 
batch 

Each analytical sample Average %R from 
minimum of 30 
samples from a given 
matrix ±3 standard 
deviations 

Samples and Specified in the Solid 
frequency controlled by PDP Plan 
the Solid PDP Plan 

1 a acorrective action when QC samples do not meet the acceptance criteria 

Corrective Actiona 

Repeat until 
acceptable 

Nonconformance if 
RPDs >Table C8-7 

Nonconformance if 
analyte concentrations 
> 3 x MDLs 

Nonconformance if 
%Rs are outside the 
range specified in 
Table C8-7 

Nonconformance if 
RPDs and %Rs > 
Table C8-7 values 

Nonconformance if o/oR 

< 80 or> 120 

Nonconformance if o/oR 

< (average %R - 3 
standard deviations) or 
> (average o/oR + 3 
standard deviations) 

Specified in the Solid 
PDP Plan 

19 bMay be satisfied by using matrix spike duplicate; acceptance criteria applies only to concentrations 
20 greater than the PQRLs listed in Table C8-6. 
21 MDL = Method Detection Limit 
22 QAO = Quality Assurance Objective 
23 PDP = Performance Demonstration Program 
24 o/oR = Percent Recovery 
25 RPO = Relative Percent Difference 
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Analyte 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Thallium 

Vanadium 

Zinc 

TABLE CS-8 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

TOTAL METALS TARGET ANALYTE LIST 
AND QUALITY ASSURANCE OBJECTIVES 

Precision Accuracy PRO LC PRQL Completeness 
CAS Number (%RSO or RPO)• (%Rib (µg/L) (mg/kg) (%) 

7440-36-0 s30 80-120 100 100 90 

7440-38-2 s30 80-120 100 100 90 

7440-39-3 s30 80-120 2000 2000 90 

7440-41-7 s30 80-120 100 100 90 

7440-43-9 s30 80-120 20 20 90 

7440-47-3 s30 80-120 100 100 90 

7439-92-1 s30 80-120 100 100 90 

7439-97-6 s30 80-120 4.0 4.0 90 

7440-02-0 s30 80-120 100 100 90 

7782-49-2 ~30 80-120 20 20 90 

7440-22-4 s30 80-120 100 100 90 

7440-28-0 s30 80-120 100 100 90 

7440-62-2 s30 80-120 100 100 90 

7440-66-6 s30 80-120 100 100 90 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

• s 30 percent control limits apply when sample and duplicate concentrations are ~ 10 x IOL for ICP-AES and 19 
AA techniques, and ~ 100 x IOL for Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) techniques. If 20 

less than these limits, the absolute difference between the two values shall be less than or equal to the PROL. 21 

bApplies to laboratory control samples\i'J~P:P.\:MP:W.Jm'm*=@i~!'i~!@o/..Jtf:Qft]lJ!iM!!mi.#:ij!~~ij.~ffiiR!~~- If a solid 22 
laboratory control sample material which has established statistical control limits is used, then the established 23 
control limits for that material should be used for accuracy requirements. 24 
cPROL set such that it is a factor of 1 0 below the PRQL for 1 00 percent solid samples, assuming a 100 x 25 
dilution during digestion. 26 

CAS 
%RSO 
RPO 
%R 
PROL 
PRQL 

Chemical Abstract Service 
Percent relative standard deviation 
Relative percent difference 
Percent recovery 
Program required detection limit (i.e., maximum permissible value for IOL) (milligrams per liter) 
Program required quantitation limit (milligrams pre kilogram) 
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TABLE CB-9 
2 SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 
3 FREQUENCIES FOR TOTAL METALS ANALYSIS 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

QC Sample 

Method performance 
samples 

Laboratory blanks 

Matrix spikes 

Matrix spike duplicates 

Laboratory control 
samples 

Blind audit samples 

Minimum Frequency 

Seven (7) samples 
initially and four (4) 
semiannually 

One (1) per analytical 
batch 

One (1) per analytical 
batch 

One (1) per analytical 
batch 

One (1) per analytical 
batch 

Samples and 
frequency controlled by 
the Solid PDP Plan 

Acceptance Criteria 

Meet Table C8-9 
QA Os 

s 3 x IDL ( s 5 x IDL 
for ICP-MS)b 

80 - 120 %Rs 

RPO s 30 
80-120 %R 

80 - 120 %Rs 

Specified in the Solid 
PDP Plan 

1s acorrective action when QC samples do not meet the acceptance criteria 
16 b Applies only to concentrations greater than the PQRLs listed in Table C8-8. 
17 

18 

19 

20 

21 

22 
23 

IOL = 
PDP = 
PQRL = 
%R = 
RPO = 

Instrument Detection Limit 
Performance Demonstration Program 
Program Required Detection Limit 
Percent Recovery 
Relative Percent Difference 

AU5-95NVPMllPPARTB/REV5CR:APC6 CB-28 

Corrective Actiona 

Repeat until 
acceptable 

Redigest and 
reanalyze any samples 
with analyte 
concentrations which 
are s 10 x blank value 
and 
~ 0.5 x PQRL 

Nonconformance if 
%Rs are <80 or >120 

Nonconformance if 
RPO > 30 or if %R < 
80 or> 120 

Redigest and 
reanalyze for affected 
analytes 

Specified in the Solid 
PDP Plan 
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OVERALL HEADSPACE-GAS SAMPLING SCHEME ILLUSTRATING 

MANIFOLD SAMPLING 
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C9-1 Introduction 

APPENDIX C9 
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TRU WASTE CHARACTERIZATION USING 
ACCEPTABLE KNOWLEDGE 

Resource Conservation and Recovery Act (RCRA) regulations codified in 40 CFR Parts 260 
through 265, 268, and 270, and New Mexico Hazardous Waste Management Regulations in 
Title 20 New Mexico Administrative Code Chapter 4, Part 1, (20 NMAC 4.1) Subparts I 
through Subpart VI, Subpart VIII, and Subpart IX, authorize the use of acceptable knowledge 
as a method which can be used in appropriate circumstances by waste generators, or 
treatment, storage or disposal (TSD) facilities to make hazardous waste determinations. 
Acceptable knowledge is defined in Waste Analysis: EPA Guidance Manual for Facilities That 
Generate, Treat, Store and Dispose of Hazardous Waste (EPA 1994) to include process 
knowledge, waste analysis data, and facility records of analysis performed before the 
effective date of RCRA regulations. Acceptable knowledge, as an alternative to sampling and 
analysis, can be used to meet all or part of the waste characterization requirements under 
RCRA (EPA 1994). 

Acceptable knowledge is one of a number of techniques used to characterize transuranic 
(TRU) waste. It is used in conjunction with radiography, headspace gas sampling and 
analysis, and solidified waste sampling and analysis to meet the requirements of the Waste 
Analysis Plan (WAP). Acceptable knowledge is used in TRU waste characterization activities 
in three ways: 

To delineate TRU waste streams 
To determine if TRU debris wastes exhibit a toxicity characteristic 
(40 CFR §261.24) 
To determine if TRU wastes are listed (40 CFR §261.31) 

C9-2 Reasons for Using of Acceptable Knowledge 

Environmental Protection Agency (EPA) (1994) describes four situations in which the use of 
acceptable knowledge is appropriate. Three of these situations are applicable to TRU waste 
characterization and are discussed below. 

Waste Generating Processes are Well Documented 

Waste generating processes from nonspecific sources are included in RCRA regulations at 
40 CFR §261.31. The waste generated from these processes are known to contain certain 
hazardous constituents. Generators of these wastes are not required to perform sampling 
and analysis of their wastes; knowledge of the process used to generate the waste is 
required to make an accurate hazardous waste determination. 

C9-1 01/15/96 4:31 pm 
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TRU wastes from nonspecific sources are spent solvent-contaminated wastes (i.e., EPA 
hazardous waste codes F001 through FOOS). Acceptable knowledge must be used to 
determine if these wastes meet the requirements for listing as a spent solvent. To be listed, 
it must be known if the solvent compound was used for its solvent properties, that is, to 
solubilize or mobilize other constituents. Examples of solvent use are degreasing, cleaning, 
use as diluents, extractants, and reaction and synthesis media. In addition, the solvent 
mixture must have originally contained more than 10% by volume of the solvents included 
under the F001 through FOOS listings. 

Because listed wastes (i.e., wastes from nonspecific sources under 40 CFR §261.31) are well 
defined and are based on knowledge of the materials and processes that generate the waste, 
sampling, and analysis is not required to make a hazardous waste determination. 
Generators of TRU waste that meets the criteria included in 40 CFR §261.31 (F-listed 
wastes) must use acceptable knowledge to characterize their TRU waste. 

Health and Safety Risks 

TRU waste presents serious health and safety risks to waste characterization personnel. 
Extensive measures are taken by the Department of Energy (DOE) to package this waste so 
that the potential for human exposure to ionizing radiation is limited. Packaging measures 
include multiple layers of plastic and shielding to reduce the potential exposure of alpha and 
gamma radiation, respectively. The breaching of confinement layers or increasing the 
potential for respirable particulates by size reduction (e.g., shredding or grinding) of TRU 
debris waste increases the health and safety risks associated with TRU waste management. 
The design of a data collection program that includes the use of acceptable knowledge allows 
characterization of TRU waste, while limiting radiation exposure to personnel and the 
environment. 

Physical Nature of the Waste 

The TRU waste characterization requirements have been established using the EPA's Data 
Quality Objectives (DQO) process. The DOE employed this process to establish a defensible 
and cost-effective program to generate data for regulatory decision making. To make 
defensible decisions based on sampling and analytical data, a representative sample must be 
collected. The physical nature of TRU debris wastes (e.g., glass, metal, or combustible 
waste forms) does not lend itself to the collection and analysis of a representative sample. 

To collect a representative sample of TRU debris waste, size reduction and compositing, 
along with extensive handling of the waste would be required. During the process of size 
reduction, target volatile organic compounds would be lost so that the final sample would not 
be representative of the initial waste. Size reduction of alpha-contaminated materials is in 
direct conflict with DOE's health and safety protocols for the management of TRU waste. 
Because the greatest risk of exposure to alpha-radiation is by inhalation, TRU waste 
packaging and handling operations are designed to minimize the potential for airborne 
particulates. Size reduction of TRU waste would increase the quantities of respirable 
particulates and increase the potential for release of radionuclides and human exposure. 
Because of the limited use of data obtained from sampling TRU debris waste, the increase in 
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potential human exposure and the costs associated with facilities to sample and contain TRU 
waste is not justified. 

EPA (1994) suggests that swiping the surface of waste materials (e.g., metals or glass) may 
be an alternative to sampling debris wastes. The DQO process requires that the end use of 
the data be considered in developing sampling and analytical protocols. Swiping the 
surfaces of TRU waste materials would not provide a representative sample that DOE could 
use to make hazardous waste determinations. For example, if volatile organic compounds 
are not detected on the surface of materials, DOE could not classify the waste as 
nonhazardous. Many TRU debris wastes contain spent solvents, which are listed according 
to how the wastes were generated and not whether they contain a listed constituent. In 
addition, DOE cannot determine if a waste exhibits a toxicity characteristic based on the 
concentration of a particular constituent present on surfaces of materials. Therefore, 
collecting surface swipes is not justified in light of the potential increased exposure to 
radiation. Collection and preparation of surface swipe samples would not be representative 
of the waste for the purpose of waste characterization, would be very costly, and would 
increase the potential exposure of personnel to radiation. 

C9-3 Acceptable Knowledge Documentation 

It is the responsibility of each DOE TRU waste generator/storage site to develop a logical 
sequence of acceptable knowledge information that progresses from general facility 
information (Section 3.1) to more detailed waste-specific information (Section 3.2). The 
consistent presentation of acceptable knowledge documentation among DOE sites in 
auditable records will allow WIPP personnel to verify the completeness and adequacy of 
acceptable knowledge for TRU waste characterization during the audit process (Section 4.3). 

The following sections include the minimum information that each site must have to 
characterize TRU waste using acceptable knowledge. Because waste generating processes 
are site-specific, DOE sites may supplement the minimum required acceptable knowledge 
records with additional information (Section 3.3). If the mandatory information is not available 
for a particular waste, then this waste will not be accepted for disposal at the WIPP facility 
based on acceptable knowledge alone. Sites may submit sampling and analytical data that 
may provide the required waste characterization information. 

TRU Waste Management Program Information 

An overview of the TRU waste program provides an understanding of TRU waste 
management operations at each site. This overview, which will establish the basis for more 
detailed TRU waste stream information, must reveal an overall perspective of TRU waste 
management operations and serve as a guide to the waste stream-specific information. 

TRU waste management program information must clearly define waste categorization 
schemes and terminology, provide a breakdown of the types and quantities of TRU waste 
that are generated and stored at the site, and describe how waste is tracked and managed at 
the site, including historical and current operations. Information related to TRU waste 
certification procedures and the types of documentation (e.g., waste profile forms) used to 
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summarize acceptable knowledge must also be provided. The following information must be 
included as part of the acceptable knowledge record: 

• Map of the site with the areas and facilities involved in TRU waste generation, 
treatment, and storage identified 

• Facility mission description as related to TRU waste generation and 
management (e.g., nuclear weapons research may involve metallurgy, 
radiochemistry, and nuclear physics operations that result in specific waste 
streams) 

• Description of the operations that generate TRU waste at the site (e.g., 
plutonium recovery, weapons design, or weapons fabrication) 

Waste identification or categorization schemes used at the facility (e.g., item 
description codes, content codes) 

• Types and quantities of TRU waste generated, including historical generation 
through future projections 

• Correlation of waste streams generated from the same building and process, 
as appropriate (e.g., sludge, combustibles, metals, and glass) 

• Waste certification procedures for retrievably stored and newly generated 
wastes to be sent to the WIPP facility 

TRU Waste Stream Information 

For each TRU waste stream, sites must compile all process information and data that support 
the acceptable knowledge used to characterize that waste stream. The type and quantity of 
supporting documentation will vary by waste stream, depending on the process generating 
the waste and site-specific requirements imposed by DOE or state agencies. At a minimum, 
the waste process information must include 

• Area(s) and building(s) from which the waste stream was or is generated 

• Waste stream volume and time period of generation (e.g., 100 standard waste 
boxes of retrievable stored waste generated from June 1977 through 
December 1977) 

• Waste generating process described for each building (e.g., batch waste 
stream generated during a::commissioning operations of glove boxes) 

• Process flow diagrams (e.g., a diagram illustrating glove boxes from a specific 
building to a size reduction facility to a container storage area) 
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• Material inputs or other information that identifies the chemical and 
radionuclide content of the waste stream and the physical waste form (e.g., 
glove box materials, chemicals and radionuclides handled during glove box 
operations, if applicable) 

A summary must identify all sources of information. The basis and rationale for defining each 
waste stream based on the parameters of interest must be clearly summarized and traceable 
to referenced documents. Assumptions made in defining each waste stream also must be 
identified and justified. 

Supplemental Acceptable Knowledge Documentation 

Examples of additional documentation that may be used for acceptable knowledge include, 
but are not limited to, the following: 

• Process design documents (e.g., Title II Design) 

• Standard operating procedures that may include a list of raw materials or 
reagents, a description of the process or experiment generating the waste, and 
a description of wastes generated and how the wastes are managed at the 
point of generation 

• Preliminary and final safety analysis reports and technical safety requirements 

• Waste packaging logs 

• Test plans or research project reports that describe reagents and other raw 
materials used in experiments 

• Site databases (e.g., chemical inventory database for Superfund Amendments 
and Reauthorization Act Title Ill requirements) 

• Information from site personnel (e.g., documented interviews) 

• Standard industry documents (e.g., vendor information) 

• Previous analytical data relevant to the waste stream, including results from 
fingerprint analyses, spot checks, or routine verification sampling 

• Material Safety Data Sheets (MSDSs), product labels, or other product 
package information 

• Sampling and analysis data from comparable or surrogate waste streams (e.g., 
equivalent nonradioactive materials) 

• Laboratory notebooks that detail the research processes and raw materials 
used in an experiment 
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The specific, relevant information must be identified and justification provided for its use (e.g., 
identification of a toxicity characteristic). The pages from large documents, such as safety 
analysis reports, must be flagged with the relevant information noted. 

C9-4 Acceptable Knowledge Process 

Consistency among DOE sites in using acceptable knowledge information to characterize 
TRU waste involves a three phase process: 1) compiling the minimum acceptable knowledge 
documentation in an auditable record, 2) confirming acceptable knowledge information using 
radiography and headspace gas sampling and analysis, and 3) auditing acceptable 
knowledge records. This section describes each phase of the process and specifies the 
procedures that sites must develop to implement the requirements for using acceptable 
knowledge. 

Assembling an Acceptable Knowledge Record 

Figure C9-1 provides an overview of the process for assembling acceptable knowledge 
documentation into an auditable record. The first step is to assemble all of the mandatory 
acceptable knowledge information (Sections 3.1 and 3.2) and any supplemental information 
(Section 3.3) regarding the materials and processes that generate a specific waste stream. 
DOE sites must ensure the following criteria are met in ~stablishing acceptable knowledge 
records: 

• Acceptable knowledge information must be compiled in an auditable record, 
including a road map for all applicable information. 

• The overview of the facility and TRU waste management operations in the 
context of the facility's mission must be correlated to specific waste stream 
information. 

• Correlations between waste streams, with regard to time of generation, waste 
generating processes, and site-specific facilities must be clearly described. 

• A reference list must be provided that identifies documents, databases, Quality 
Assurance (QA) protocols, and other sources of information that support the 
acceptable knowledge information. 

Container inventories for TRU waste currently in retrievable storage are then defined as 
waste streams by correlating the container identification to the mandatory acceptable 
knowledge information. For newly generated wastes, the rate and quantity of waste to be 
generated must be defined and procedures implemented to make hazardous waste 
determinations using acceptable knowledge prior to packaging the waste. 

For all TRU wastes, sites must develop written procedures that describe how RCRA 
hazardous waste codes are assigned using acceptable knowledge information and how 
unacceptable wastes (e.g., reactive, ignitable, and corrosive RCRA-regulated hazardous 
wastes) are identified and segregated from certifiable TRU waste populations. The waste 
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certification procedure(s) must describe the administrative controls used by the site to ensure 
that nonconforming items are documented and managed in accordance with site-specific 
certification plans. 

Sites must develop procedures that describe how acceptable knowledge information is 
evaluated and any discrepancies in documentation resolved. If different sources of 
information indicate different hazardous wastes are present, then sites must include all 
sources of information in its records and conservatively assign all potential hazardous waste 
codes. Sites must compile adequate documentation to demonstrate consistency in assigning 
hazardous waste codes and to defend and justify the use of acceptable knowledge in making 
hazardous waste determinations to independent auditors. 

Confirmation of Acceptable Knowledge Information 

Acceptable knowledge includes information regarding the physical form of the waste, the 
base materials composing the waste, and the process that generates the waste. 
Nondestructive techniques (i.e., radiography and headspace gas sampling and analysis) will 
be used to confirm acceptable knowledge information. Figure C-2 illustrates the process 
sites will use to confirm acceptable knowledge. 

All retrievably stored waste must be characterized using radiography to confirm the matrix 
parameter category and certify compliance with the Waste Isolation Pilot Plant (WIPP) waste 
acceptance criteria. If a site must repackage its retrievably stored waste, then visual 
examination of the waste during repackaging is used to confirm acceptable knowledge 
information rather than radiography. For newly generated wastes, sites must have written 
procedures to document the confirmation of acceptable knowledge information prior to or 
during waste packaging. 

Sites must establish procedures for reevaluating acceptable knowledge if radiography or 
visual examination results in the assignment of a different matrix parameter category [e.g., 
Plastic/Rubber (S5310) versus Paper/Cloth (S5330)]. Site procedures must describe how the 
waste is reassigned, acceptable knowledge reevaluated, and appropriate hazardous waste 
codes assigned. 

The base materials that compose TRU debris waste (e.g., lead, stainless steel, glass) are 
well-established, and potential toxicity characteristics can be determined without destructive 
sampling and analysis. The matrix parameter category is related to the base materials and 
waste generating process. Radiography or visual examination must be used to confirm the 
matrix parameter category identified using acceptable knowledge. Procedures must describe 
how discrepancies in the matrix parameter category are recorded and changes to hazardous 
waste codes based on material composition are documented, as necessary. 

Finally, radiography and visual examination procedures must include a list of nonconforming 
items that the operator must verify are not present in each container of waste. Sites must 
establish and document administrative controls to ensure that nonconforming items or waste 
are segregated from certifiable populations. 
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Headspace gas sampling and analysis must be conducted on all TRU waste to be sent to the 
WIPP facility. Headspace gas data will be used to confirm the presence or absence of 
volatile organic compounds identified using acceptable knowledge. 

Sites must use acceptable knowledge to identify spent solvents associated with each TRU 
waste stream or waste stream lot. Headspace gas data will be used to confirm acceptable 
knowledge concerning the presence or absence of F-listed solvents. Headspace data may 
be used to assist in confirming the characterization of waste contaminated with F-listed 
solvents by the "mixture rule" (e.g., solvent-contaminated rags mixed with other wastes 
materials). Sites must provide documentation to support any determination that organic 
constituents are associated with packaging materials or other uses not consistent with solvent 
use. If the source of the detected solvents can not be identified, the appropriate spent 
solvent hazardous waste code will be conservatively applied to the waste stream. 

Sites must confirm the assignment of spent solvent hazardous waste codes (40 CFR 
§261. 31) by evaluating the average concentrations of each volatile organic compound 
detected in container headspace gas using the upper 90 percent confidence limit (UCLoo). 
The UCL90 for the mean concentration must be compared to the program required 
quantitation limit (PRQL) for the constituent. If the UCL90 for the mean concentration exceeds 
the PRQL, sites must reevaluate their acceptable knowledge information and determine the 
potential source of the constituent. 

If the source of the constituent is identified as a spent solvent used in the process or is 
determined to be the result of mixing a listed waste with a solid waste during waste 
packaging, then the site will either 1) assign the applicable listed hazardous waste code to 
the entire waste stream or 2) segregate the drums containing detectable concentrations of 
the solvent into a separate waste stream and assign applicable hazardous waste codes. 
Each site must document, justify, and consistently define waste streams and assign 
hazardous waste codes based on site-specific permit requirements and other State-enforced 
agreements. 

To determine the mean concentration of solvent VOCs, all headspace gas data for a waste 
stream or waste stream lot (i.e., the portion of the waste stream that is characterized as a 
unit) will be used, including data qualified with a 'J' flag (i.e., less than the PRQL but greater 
than the method detection limit [MDL]) or qualified with a 'U' flag (i.e., undetected). For data 
qualified with a 'U' flag, sites must use one-half the MDL in calculating the mean 
concentration. Because listed wastes are not defined based on concentration, sites may not 
remove hazardous waste codes assigned using acceptable knowledge if hazardous 
constituents are not detected in the headspace. 

In many cases, TRU headspace gases contain one or two constituents (e.g., carbon 
tetrachloride and 1, 1, 1-trichloroethane) at concentrations that are orders of magnitude higher 
than the other target analytes. In these cases, samples must be diluted to remain within the 
instrument calibration range. Sample dilution results in elevated MDLs. Only the 
concentrations of detected constituents will be used to calculate the mean for the purpose of 
assigning F-listed hazardous waste codes. Because the presence or absence of F-listed 
solvents can not be confirmed based on the artificially high MDLs that are caused by sample 
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dilution, data flagged as 'U' and showing an elevated MDL will not be used in calculating the 
mean concentration. 

DOE Site Audits of Acceptable Knowledge 

The DOE/CAO will conduct an initial audit of each generator/storage site prior to authorizing 
the site to certify TRU waste for shipment to the WIPP facility. This initial audit will establish 
an approved baseline that will be reassessed annually. The Quality Assurance Program Plan 
(QAPP)/RCRA portion of these audits will verify compliance with the requirements specified in 
the WAP and QAPP. The QAPP/RCRA audits will be used to ensure the consistent 
compilation, application, and interpretation of acceptable knowledge information throughout 
the DOE complex and to evaluate the completeness and defensibility of site-specific 
acceptable knowledge documentation related to hazardous waste determinations. Figure 3 
includes the primary steps associated with the audit process. 

Audit plans will identify the scope of the audit, requirements to be assessed, participating 
personnel, activities to be audited, organizations to be notified, applicable documents, and 
schedule. Audits will be performed in accordance with written procedures and checklists. 
The audit checklists will include specific items associated with the compilation and evaluation 
of the required acceptable knowledge information. 

Members of the audit team will be knowledgeable regarding the required acceptable 
knowledge information, RCRA regulations and EPA guidance regarding the use of acceptable 
knowledge for waste characterization, RCRA hazardous waste determinations, and the WAP 
and QAPP requirements. Audit team members will be independent of all TRU waste 
management operations at the site being audited. 

Auditors will review selected procedures and associated processes developed by the site for 
documenting the process of compiling acceptable knowledge documentation; correlating 
information to specific waste inventories; assigning hazardous waste codes; and identifying, 
resolving, and documenting discrepancies in acceptable knowledge records. The adequacy 
of acceptable knowledge procedures and processes will be assessed and any deficiencies in 
procedures documented in the audit report. 

Auditors will review the acceptable knowledge documentation for selected waste streams for 
logic, completeness, and defensibility. Auditors will evaluate compliance with written site 
procedures for developing the acceptable knowledge record. A completeness review will 
evaluate the availability of the minimum required TRU waste management and TRU waste 
stream information (Sections 3.1 and 3.2). Records will be reviewed for correlation to 
specific waste streams and the basis for making hazardous waste determinations. Auditors 
will verify that sites include all required information and conservatively include all potential 
hazardous waste codes indicated by the acceptable knowledge records. All deficiencies in 
the acceptable knowledge documentation will be included in the audit report. 

Auditors will verify and document that sites use administrative controls and follow written 
procedures to make hazardous waste determinations for newly-generated and retrievably 
stored wastes. Auditors will review procedures used by the sites to confirm acceptable 
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knowledge information using radiography or visual examination and headspace gas sampling 
and analysis. Procedures to document changes in acceptable knowledge documentation and 
hazardous waste code assignments to specific waste streams also will be evaluated for 
compliance with the WAP. 

After the audit is complete, the DOE/CAO will provide the site with preliminary results at a 
close-out meeting. The DOE/CAO will prepare a final audit report that includes all 
observations and findings identified during the audit. Sites must respond to all audit findings 
and identify corrective actions. If acceptable knowledge procedures do not exist, the 
minimum required information is not available, or findings of noncompliance are identified 
associated with hazardous waste determinations, the DOE/CAO will not grant the site waste 
characterization and certification authority for the subject waste. Waste stream 
characterization and certification authority may be revoked if findings during subsequent 
annual audits indicate a lack of compliance with approved acceptable knowledge procedures. 
Waste characterization and certification authority will not be reinstated until the site 
demonstrates all corrective actions have been implemented and the program is reassessed 
by the DOE/CAO. 

C9-5 Confirmation of Acceptable Knowledge 

Prior to notifying a site that a waste stream can be shipped and accepted at the WIPP facility, 
the DOE/CAO will review the waste stream profile forms and associated data packages to 
ensure that radiography and headspace gas data confirm hazardous waste determinations 
made using acceptable knowledge. The DOE/CAO will review information provided by the 
sites to ensure that changes to hazardous waste codes are identified and justified based on 
data and that hazardous waste codes are included in the Part A of the WIPP permit 
application. If data consistently indicates discrepancies with acceptable knowledge 
information, the DOE/CAO may require sites to reassess the materials and processes that 
generate the waste and resubmit waste stream profile information. Consistent 
nonconformances by a site in implementing and documenting WAP and QAPP requirements 
will result in the termination of a site's waste characterization and waste certification authority. 

C9-6 Summary 

Acceptable knowledge is used in conjunction with other waste characterization techniques to 
delineate waste streams, identify listed wastes from nonspecific and specific sources in 
accordance with 40 CFR §261.31, and determine the toxicity characteristics associated with 
TRU debris wastes. Acceptable knowledge is a key component in properly making 
hazardous waste determinations under RCRA. The physical form and the associated 
increased health and safety risks associated with obtaining a representative sample of TRU 
debris wastes, clearly justify the use of acceptable knowledge to make hazardous waste 
determinations. 

The proper assignment of listed hazardous waste codes relies on knowledge of the materials 
and processes that generated the waste and not on the concentration of constituents. 
Nuclear weapons production resulted in a variety of wastes contaminated with spent solvents 
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used for cleaning and degreasing (i.e., hazardous waste codes F001-F005). Acceptable 
knowledge documentation must be used to identify these TRU wastes. 

To ensure consistency in the use and interpretation of acceptable knowledge information, 
sites must compile the minimum required information (Sections 3.1 and 3.2) in an auditable 
record. Sites must develop and implement written procedures that describe the compilation, 
use, and confirmation of acceptable knowledge. In addition, sites must demonstrate through 
compliance with written procedures that discrepancies in information will be documented and 
that hazardous waste codes will be conservatively applied. 

The DOE/CAO will audit DOE sites to initially grant TRU waste certification authority to each 
site. The DOE/CAO will conduct audits at least annually thereafter to verify compliance with 
approved plans and procedures. Sites will implement corrective action plans that address all 
audit findings. Waste stream characterization and certification authority will be revoked if 
trends of consistent noncompliance with the WAP and QAPP are identified by the DOE/CAO 
at a site. 

The DOE/CAO will review waste stream profile forms and associated data packages to 
ensure that radiography and headspace gas data confirm acceptable knowledge and that the 
correct hazardous waste codes have been assigned to each waste stream. If complete and 
adequate information is not provided by the generator regarding the hazardous waste 
determinations, then the waste will not be authorized for shipment to and disposal at the 
WIPP facility. 
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QUALITY ASSURANCE PROJECT PLAN REQUIREMENTS 

C10-1 Quality Assurance Project Plans 

2 

3 

Each participating site shall develop and implement a quality assurance project plan (QAPjP) that 4 

addresses all the requirements specified in Waste Isolation Pilot Plant (WIPP) waste analysis 5 

plan (WAP) and implemented in the transuranic waste characterization quality assurance 6 

program plan (QAPP). These QAPjPs shall include or reference the appropriate management 1 

and technical criteria of the quality assurance program, as well as qualitative or quantitative 8 

criteria for determining that waste characterization program activities are being satisfactorily s 
performed. QAPjPs shall identify the organization(s) and position(s) responsible for their 10 

implementation. The QAPjPs shall also reference site-specific documentation that details how 11 

each of the required elements of the characterization program will be performed. 12 

Prior to the implementation of characterization activities at participating sites, standard operating 13 

procedures (SOP) will be developed for all activities affecting waste characterization program 14 

quality that require written instructions or procedures. For the purposes of the quality assurance 15 

program, the term SOP refers to any site-specific implementing document. Compliance with 1s 
SOPs will ensure that tasks are performed in a consistent manner that results in achieving the 11 

quality required for the quality assurance program. The organization, format, content, and 18 

designation of SOPs must be described in the QAPjPs. 19 

C10-2 Document Review. Approval. and Control 20 

The preparation, issue, and change to documents that specify quality requirements or prescribe 21 

activities affecting quality for the transuranic waste characterization program shall be controlled 22 

to assure that correct and current documents are used and referenced. The QAPjPs shall 23 

include the document control format implemented by the QAPP consisting of a unique document 24 

identification number in the upper left-hand comer of each page and the section number, current 25 

revision number, date, and page number placed in the upper right-hand comer of each page. 26 

All quality documents for the waste characterization program shall be reviewed prior to approval 21 

and issuance by qualified and independent individuals. This review shall consider, as 28 

appropriate, the technical adequacy, completeness, and correctness of the documents and the 29 

inclusion of appropriate quality requirements. Approval shall be indicated by a signature and 30 

date page included in the front of each document. Table C10-1 shows the parties responsible 31 

for document review, review/approval, implementation, change approval, and change control. 32 

Whenever the quality assurance (QA) documents are revised, review and approval of the 33 

revision shall be conducted by the same level of approval authority and in accordance with the 34 

requirements of review as the original documents. 35 

At a minimum, revisions to QA documents shall be denoted by including the current revision 36 

number on the document title page, the revised signature page, and each page that has been 37 

revised. Only revised pages need to be reissued. A vertical bar, indicating the change to the 38 

text, shall be included along the left-hand margin of the page. Revised document submittals 39 
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1 shall also identify the changes, the reason for the changes, and the justification for concluding 
2 that the revised contents continue to satisfy the requirements of the quality assurance program. 
3 

4 The QAPP shall be controlled by the U.S. Department of Energy Carlsbad Area Office 
5 (DOE/CAO) National Transuranic Program (NTP) team leader and distributed by this position to 
6 the applicable DOE field offices. A distribution list for the QAPP shall be used to control the 
1 issuance of revisions and shall be maintained by the NTP team leader. 
8 

9 The QAPP shall be initially reviewed, approved, and concurred with by those positions indicated 
10 in Table C10-1, and thereafter reviewed by the NTP team leader at least annually to ensure it 
11 addresses the current needs of the waste characterization quality assurance program. If 
12 changes to the QAPP are required, the NTP team leader shall be responsible for scheduling and 
13 coordinating the review and approval of the revised document. Changes shall be reported by 
14 the NTP team leader to the DOE field office managers for notification to the sites. The site 
15 project manager shall be responsible for revision of the QAPjP and SOPs in accordance with the 
16 approved changes to the QAPP. 
17 

18 Each site must have a document control system to control the review and approval of controlled 
19 documents. The NTP team leader, the applicable DOE field office, the site project manager, and 
20 the site project QA officer, are responsible for the initial review and approval of the QAPjPs. 
21 Thereafter the QAPjPs shall be reviewed at least annually by the site project manager. If 
22 changes to the QAPjP are required, the site project manager shall be responsible for scheduling 
23 and coordinating the review and approval of the revised document. The QAPjPs shall include 
24 a description of the organization(s) or person(s) responsible for distributing revisions to those 
25 plans. 
26 
21 The QAPjPs shall include a detailed description of the reporting and approval requirements for 
28 changes to approved QA documents and SOPs, including procedures for implementing changes 
29 to these documents. All members of the site project staff are responsible for reporting any 
30 obsolete or superseded information to the site project manager. All site-specific changes shall 
31 be evaluated and approved by the site project manager and the site project QA officer before 
32 implementation. The site project manager shall notify the appropriate personnel, and the 
33 affected documents shall be revised as necessary. The site project manager shall also be 
34 responsible for notifying the DOE field office of the changes. No changes that affect 
35 performance criteria or data quality; such as sample handling and custody requirements, 
36 sampling, and analytical procedures, quality assurance objectives, calibration requirements, or 
37 QC sample acceptance criteria; shall be made without prior approval of the DOE field office and 
38 the NTP team leader. However, minor changes to QAPjPs and SOPs that do not affect the 
39 transuranic waste characterization quality assurance program performance criteria or data quality 
40 may be made without prior notification of the DOE field office and the NTP team leader. 
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WASTE ISOLATION PILOT PLANT GENERA TOR/STORAGE SITE WASTE 2 

SCREENING AND ACCEPTANCE AUDIT PROGRAM 3 

The Waste Isolation Pilot Plant (WIPP) Generator Site Waste Screening and Acceptance Audit 4 

Program ensures that 1) the operators of generator/storage sites that plan to transport 5 

transuranic (TRU) mixed waste to the WIPP facility conduct sampling and analysis of wastes in 6 

accordance with the current WIPP Waste Analysis Plan <:NAP), and 2) the information supplied 1 

by each generator/storage site to satisfy the waste screening and acceptability requirements of 8 

Section C-5 of the WAP is being managed properly. WIPP (meaning either or both the U.S. s 
Department of Energy Carlsbad Area Office (DOE/CAO) or@ni Westinghouse Waste Isolation 10 

Division [WID] personnel) will conduct these audits at the ge.rl'e.rator sites in accordance with a 11 

standard operating procedure (SOP). This procedure will contain steps for selecting audit 12 

personnel, reviewing applicable background information, preparing an audit plan, preparing audit 13 

checklists, conducting the audit, developing an audit report, and following up audit 14 

deficiet\¢.{$.$findings. The checklists used in the audit ate)Jl!dl&f.eq\¥ill be customized for each site 15 

to .... he····audit"ed, based on UJ~::::~ppf:qyf.f!Ui§~tf,each site's .. quafity .... assurance project plan (QAPjP), 16 

which is the site-specific im.piemenfatfon .. of the Quality Assurance Program Plan (QAPP). 11 

+Re-Audit procedures incorporate the applicable requirements (e.g., auditor ~0.1.?mftill~ 18 

IP.i¢!i.lmt qualifications, lead auditor certification) of 1 o §§9!19fH1t.ilMt.111il.!a9J.i~!in~r<ci=R)" 19 

a3·a·:"f2if(Quality Assurance}, and the American Society ofiViechi:i"nlcafE.ngl"n.eers .(ASiViE) NOA- 20 

1 ~:::Nlmti~!::a1::1liirn:NUt~i! and incorporates requirements of U.S. Department of Energy (DOE} 21 

Order .. 57b"Cf6"C.(duaHfy.Assurance). It further establishes the responsibilities and methodology 22 

for planning, scheduling, performing, reporting, Wim'Y~ftgfollov.•ing up, and closing 23 

ilirioU6.¢.~scheduled and unannounced audits ofTRU mixed.waste generator and storage sites. 24 

·Reccl"rds ..... of all audit activities ifiwill become part of the WIPP Operating Record and will be 2s 
maintained at the WIPP facility ... for at least three years before being transferred to the WIPP 26 

Permanentg[§JiiI Records System§ii!lii!IQ!I§) for permanent storage. 21 

~iii¥i:t::erii9!rii::::1rf:::::ye9::::~9:::em'=io91::::1,99!f:::@i9Yi~!:::@!119:::r11911mlM!f:: +Re-Procedures 28 
define the responsibilities of specific positions necessary to manage this audit program. The 29 

manager who oversees this program must perform the following: 30 

• ~-~-hedule audits, ~tt2!991mit~mi!!lll::@ieim::;:1mr:::!m:::::@eimi@!lir:::w!i!§::::§tf:ili:::::P111 31 
ft.mi~ in consideration of the generator site's previous performance (e.g., GE~rrective 32 

action implementation schedule missed, numerous corrective actions, etc.) 33 

• Designate lead auditor(s) 34 

• l@R§~q1J'pprove of auditor and lead auditor trainees 35 

• Maintain auditor training and qualification records 36 

• Assure t,111.t all auditors have been given appropriate training, including training on 37 
the WAP····· 38 
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• Assign auditors and lead auditors to perform ~ti@.tl.@Jrequisite certification audits annually ................ . 

• Review and approve final audit reports 

• :~~~~=~~n~!,11;;;::::.t!§tl closure status of all q@np'°!,,g§l@~~ndings and fiy 

• miitiirtiii~~§r::i§ifi~Dt~~rlal~e WIPP operating Record !P91!r@:iiilli!ft¥: 

-
~Lead auditors must meet the established experience and education requirements and pass 
a qualification exam. TRe lead auditor, Uf"On being assigned a sµecifis audit, mbi'Jji.QfigQ.ff.&f: 
IQ§:i!!ili!!!ln!~:::~§!:l:§!:::~~~:~::~rm~::J~J.U!l::U~!!~r must perform the following tasks:····-· ................................................ · .. ·.········.·. 

• Concur that assigned auditors ~fiitUmmn!Ql.Jli!iP.'=91ilf:i~ have the collective 
experience and training commensu"rata····wlffi···the."scope·~·· complexity, or special 
nature of the activities to be audited 

• Develop an audit plan and 9!ef!!n!!~tam~a:?:me@.ti!!tH!9:f an overall checklist to 
cover the scope of the audit, with consideration given to previous audit results from 
that site 

• Assign specific audit areas to individual auditors ~ti.'1It~9nni.9~~}$.P.~w~M• within 
their particular specialty and provide guidance on cile.ckHsf C:fev.eiC>"iimenC .. 

• Review individual auditor checklists, to assure complete coverage of assigned 
scope, and approve g checklists 

• Encourage observers to participate according to the protocol established by the 
QllflCAO 

• Communicate audit results at the conclusion of the audit, including findings and i!Y 
llf.!f!!fl§Bl.: observations~f~lt:UR:flnlll:IJ.!tl ········· 
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• Maintain complete records of each audit and transfer them to the manager when 2 

the audit report is issued. 3 

'-"l:l~i.t?rs !figi:i!@mt!1~t!fii~@~S@!l!J:! assigned to the specific audit will report to the !li!J.f:iii!@:il 4 

~!!9gpead a1:1ditor for supervision and perform the following tasks: 5 

· ~::r~~~~ ~i~~:~l.ii(~~IT;~;n.!!!:::~e~~::~r1=!n.i!~in::::eme::::elinn~n1:::1mna! ~ 

· li1m11mt,i~l\:fii,rii~':!tii:::J1111111111~11~:~~=~!~f4i~:!:i!J!f!~!!! : 
a1:1ditor approval 10 

11 

jj 

. ~ 
ai:e bro1:1ght to his/her attention or ai:e observed 24 

• Prepare any portion of the final audit report assigned by the lead auditor. 2s 

Audits will be conducted at least annually for each generator site involved in the waste 29 

characterization program. Both announced and unannounced audits sho1:1ld address the 30 

following: 31 

• Results of previous audits 32 

• Changes in programs or operations 33 
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• New programs or activities being implemented 

• Changes in key personnel 
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4 

6 

7 

9 

10 

An exit meeting will be conducted by the lead auditor prior to departure of the audit team from 11 

the site. This meeting will be with site management personnel, including DOE personnel. All 12 

draft audit f~i!tt~neings, ane observations will be presented to the g~fl~ratof site management 13 
as eosume.ii"t'iitfon of aueit results. · · .. · · · · · 14 

The formal audit report will be prepared, approved, and issued to the site within 30 days of the 15 

completion of the audit by the WIPP facility. The report will include, as a minimum, sections 1s 
describing the scope, purpose, summary 9t:::eiq9!!19!tii!::::eaeiiliniI!oe::::r!!e:m!ill!;f!P:m!: 11 

fineings, ane observations in narrative format, as well as ~tt::l~mmP.•tiP.i1E@f the organization 1s 
audited, the dates of the audit, and the requested response.cfate:····the.a"l~idlted site will B,pijd.i 19 

be requested to respone to ~liY:!iP~~9'!:n!!g:!ffli!iq?.~~?!?.9~the aueit report within 30 days··after 20 

receipt qf:::::ligy!)iJ::~~! and indicate the corrective action taken or to be taken, to prevent 21 

resurren.sa·:·····ifthe ··c:·Cirrective action has not been completed, the response must indicate the 22 

expected date the action will be completed. Subsequent audits 9:rf!§PiP.!n§:J¥-f:9g~, 23 

scheduled or unannounced, will determine if the corrective action ·has .. "bee"ii···satlstaci"Ciniy 24 

~~ 
if::!l~i~H!!P.!i~These events will be trackee and issued to the 0015 and site management. 30 

1; 
'NIPP Operating Record until closure of the facility. 35 
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EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: I 
Compliance Objective 

Compliance Requirement Document Evidence Comments 

Quality Assurance Objectives 

A. Real-Time Radiography (RTR) 

Does documentation exist to verify the performance of the RTR 
analyses? 

Does documentation exist to verify the use of specific training drums? 

Does documentation exist to verify independent replicate scans by 
another qualified operator for each batch of containers scanned? 

Does documentation exist to require the use of test screens for routine 
equipment checks? 

Are RTR operator qualifications current? 

Has RTR been conducted on all retrievably stored drums planned for 
disposal at the Waste Isolation Pilot Plant (WIPP) facility? 

Have periodic audio/video tape reviews been performed? 

Auditor Date Lead Auditor Date 
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EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 
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II AUDIT NO. FACILITY/SITE: DATE: n---- - Ii 
1~;,;;,;.;.,,;,;.;,;,,,;=:=:=:=:=:=:=:=~.;.;;;;~~;;;;.:::::::;;=:;;;::===:=:==..;;~~==============r========================11 

Compliance Requirement 

B. Drum-Headspace Sampling 

Does documentation exist to verify the precision and accuracy of 
drum-headspace sampling and analysis? 

Have field duplicates been collected for drum-headspace sampling? 

Does the precision of field duplicate analyses meet the quality 
assurance objective (QAO) specified in the Quality Assurance Program 
Plan (QAPP)? 

Have field reference standards been collected for drum-headspace 
sampling? 

Does the accuracy of field reference standards meet the QAO specified 
in the QAPP? 

Have measures listed in the QAPP been taken to ensure that 
drum-headspace samples are representative? 

Auditor Date 

Compliance 
Document 

(i -. 

Objective 
Evidence 

Lead Auditor 

Comments 

Date 

01/15/96 4; >I 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

C. Homogeneous Solids and Soils/Gravel Sampling 

Does documentation exist to verify precision and accuracy of 
homogeneous solids and soils/gravel sampling? 

Have co-located cores been collected for each sampling batch? 

Does the precision of the co-located cores analyses meet the QAO? 

Have measures listed in the QAPP been taken to ensure that 
homogeneous solids and soils/gravel samples are representative? 

Auditor Date Lead Auditor 
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I 
Comments 

Date 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: 

Compliance Requirement 

D. Visual Examination 

Does documentation exist to verify the precision and accuracy of the 
visual examination analyses? 

Are visual examination operator qualifications current? 

Has visual examination been conducted on the required sample of 
drums planned for disposal at and currently awaiting shipment to the 
WIPP facility? 

Does documentation exist to confirm that visual examination has been 
performed on a statistical portion of waste containers? 

Does documentation exist to indicate that the QA Officer has 
determined the Relative Percent Difference of RTR visual examination? 

-----------
Auditor Date 

DATE: 

Compliance 
Document 

c· 

Objective 
Evidence 

Lead Auditor 

WIPP RCRA Part B Permit Application 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERATOR/STORAGE SITE AUDIT CHECKLIST 
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1
1 AUDIT NO. FACILITY/SITE: DATE: ----, 

Compliance Requirement 

E. Gas and Volatile Organic Compound Analyses 

Does documentation exist to verify the precision and accuracy of 
headspace analyses? 

Have duplicate or replicate measurements been conducted for 
headspace analyses? 

Does the precision of duplicate or replicate analyses meet the quality 
assurance objective specified in the QAPP? 

Does the accuracy of U.S. Environmental Protection Agency blind 
samples and laboratory control standards meet the quality assurance 
objectives specified in the QAPP? 

Does the instrument meet the method detection limits specified in the 
QAPP? 

Auditor Date 

Compliance 
Document 
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Evidence 

Lead Auditor 

Comments 

Date 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERATOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: 

Compliance Requirement 

F. Totals Analyses 

Does documentation exist to verify the precision and accuracy of totals 
analyses? 

Have duplicate and replicate measurements been conducted for totals 
analyses? 

Does the precision and duplicate or replicate analyses meet the quality 
assurance objective specified in the QAPP? 

Does the accuracy of the U.S. Environmental Protection Agency blind 
samples and laboratory control standards meet the quality assurance 
objectives specified in the QAPP? 

Do the instruments meet the method detection limits specified in the 
QAPP? 

Auditor Date 

DATE: 

Compliance 
Document 

c '1 

Objective 
Evidence 

Lead Auditor 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

Acceptable Knowledge 

A. Acceptable Knowledge Record 

Is the acceptance knowledge documentation assembled into an 
auditable record? 

Have resolutions between document discrepancies been documented? 

Are the required documents included in the acceptable knowledge 
record? 

Does the acceptable knowledge documentation support the waste 
stream hazardous waste code assignment? 

8. Verification 

Has the acceptable knowledge been verified? 

Have discrepancies and resolutions been documented? 

Auditor Date Lead Auditor 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

Sample Custody 

A. Waste Containers (Drums) 

Have Chain of Custody (COC) Fonns been completed and maintained 
(per the QAPP) for waste containers, from the time they are removed 
from inventory until their contents are placed in a shipping container? 

B. Samples 

Have COC Fonns been completed and maintained (per the QAPP) for 
samples? 

Calibration 

A. RTR 

Has RTR equipment been qualified to meet the perfonnance criteria 
specified in the site Quality Assurance Project Plan (QAPjP) and 
Standard Operating Procedures? 

B. Headspace Sampling 

Have the headspace sampling equipment and instrumentation been 
calibrated per the requirements of the QAPP? 

Auditor Date Lead Auditor 

c; ·3 

WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

I 
Comments 

Date 

01/15/96 ,; •n 

I 
I 



TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

e. Visual Examination 

Has the weighing system used during the visual examination process 
been calibrated per the requirements of the QAPP? 

D. Determination of Headspace Gases 

Have the instruments used for the analysis of headspace gases been 
calibrated per the requirements of the QAPP? 

E. Determination of Headspace Organic Gases 

Have the instruments used for the analysis of headspace organic gases 
been calibrated per the requirements of the QAPP? 

F. Determination of Total Metals 

Have the instruments used for total metals analysis been calibrated per 
the requirements of the QAPP? 

G. Determination of Total voes 

Have the instruments used for total voes analysis been calibrated per 
the requirements of the QAPP? 

Auditor Date Lead Auditor 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

H. Detennination of Total SVOCs 

Have the instruments used for total SVOCs analysis been calibrated 
per the requirements of the QAPP? 

Data Reduction, Validation, and Reporting 

A. Data Reduction 

Is data reduction being conducted at the data generation level per the 
requirements of the QAPP? 

Is data reduction being conducted at the project level per the 
requirements of the QAPP? 

B. Data Validation 

Is data validation being conducted at the data generation level per the 
requirements of the QAPP? 

Is data validation being conducted at the project level per the 
requirements of the QAPP? 

Auditor Date Lead Auditor 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERA TOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

C. Data Reporting 

Is data reporting being conducted at the data generation level per the 
requirements of the QAPP? 

Is data reporting being conducted at the project level per the 
requirements of the QAPP? 

Other Quality Control Checks 

A. RTR 

Are RTR QC checks (e.g., replicate RTR examinations by a different 
qualified operator) conducted per the requirements and at the 
frequency specified in the QAPP? 

B. Drum Headspace Sampling 

Are field blanks, sampling equipment blanks, field-reference standards, 
and field sample duplicates taken per the requirements and at the 
frequency specified in the QAPP? 

C. Visual Examination 

Are visual examination quality control (QC) checks conducted per the 
requirements and at the frequency specified in the QAPP? 

Auditor Date Lead Auditor 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERATOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

D. Gas Analysis 

Are laboratory control standards, sampling manifold blanks, equipment 
blanks, laboratory blanks, and duplicates analyzed per the 
requirements and at the frequency specified in the QAPP? 

E. Organic Gas Analysis 

Are laboratory control standards, sampling manifold blanks, equipment 
blanks, laboratory blanks, laboratory duplicates, and internal standards 
analyzed per the requirements and at the frequency specified in the 
QAPP? 

F. Total Metals Analysis 

Are laboratory blanks, matrix spikes, matrix spike duplicates and 
laboratory control samples analyzed per the requirements and the 
frequency specified in the QAPP? 

G. Total VOCs Analysis 

Are laboratory duplicates, laboratory blanks, matrix spikes, matrix spike 
duplicates, laboratory control samples and surrogate compounds 
analyzed per the requirements and the frequency specified in the 
QAPP? 

Auditor Date Lead Auditor 
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TABLE C11-1 (CONTINUED) 
EXAMPLE OF WIPP GENERATOR/STORAGE SITE AUDIT CHECKLIST 

I AUDIT NO. FACILITY/SITE: DATE: 

Compliance Objective 
Compliance Requirement Document Evidence 

H. Total SVOCs Analysis 

Are laboratory duplicates, laboratory blanks, matrix spikes, matrix spike 
duplicates, laboratory control samples, and surrogate compounds 
analyzed per the requirements and the frequency specified in the 
QAPP? 

Auditor Date Lead Auditor 
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APPENDIX C12 
COMPARISON OF TRANSURANIC (TRU) WASTE CHARACTERIZATION 

PROCEDURES WITH 
EPA-APPROVED WASTE CHARACTERIZATION METHODS 

DOE sites characterize waste in accordance with this WAP and the QAPP, which specify 
waste characterization procedures found in the Transuranic Waste Characterization Sampling 
and Analysis Methods Manual (Methods Manual). The Methods Manual provides a unified 
source of information on the testing, sampling, and analytical techniques that enable sites to 
comply with this WAP. The Methods Manual includes all of the testing, sampling, and 
analytical methodologies accepted by DOE for use in TRU waste characterization 
requirements. 

Many of the analytical procedures found in the Methods Manual are based on methods found 
in Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third 
Edition, Final Update I, and Final Update II. Specifically, analytical procedures for solid 
phase waste in the Methods Manual are based on SW-846 methods. In these instances, the 
analyst is referred directly to the SW-846 method for the requirements of the procedure. 
Only information unique to the Program (e.g., target analytes, quality assurance objectives, 
quality control requirements) is included in the Methods Manual. The testing and sampling 
procedures included in the Methods Manual were developed specifically for characterizing 
TRU waste and equivalent methods are not found in SW-846. 

A comparison is made in table C12-1 which indicates which Methods Manual procedures are 
based on SW·-846 methods, and specifies the appropriate SW-846 method. The tables 
following this comparison correlate the Methods Manual procedure with the appropriate SW-
846 method(s). 

C12-1 



WIPP RCRA Part 8 Permit Application 
DOEIVVIPP 91-005 
Revision 5.2 

TABLE C12-1 
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL 

METHODS 

Methods Manual Procedure SW-846 Method 

Procedure 110.1: Sampling Manifold Method Program specific procedure, no equivalent 
to Collect Headspace Gas Samples From a SW-846 method 
TRU Waste Drum 

Procedure 110.2: Direct Canister Method to Program specific procedure, no equivalent 
Collect Headspace Gas Samples From a SW-846 method 
TRU Waste Drum 

Procedure 110.3: Using a Side-Port Needle Program specific procedure, no equivalent 
to Collect Headspace Gas Samples Through SW-846 method 
a TRU Waste Drum's Carbon Composite 
Filter 

Procedure 110.4: Punching the Drum Lid to Program specific procedure, no equivalent 
Collect Headspace Gas Samples from a SW-846 method 
TRU Waste Drum 

Procedure 120.1: Collecting Samples from Program specific procedure, no equivalent 
TRU Waste Drums Containing Homogenous SW-846 method 
Solids and Soil/Gravel (Sludge) 

Procedure 210.1: SUMMA® Passivated Program specific procedure, no equivalent 
Stainless Steel Canister Certification and SW-846 method 
Cleaning 

Procedure 310.1: Physical Waste Form Program specific procedure, no equivalent 
Characterization Using Radiography SW-846 method 

Procedure 310.2: Physical Waste Form Program specific procedure, no equivalent 
Characterization Using Visual Examination SW-846 method 

Procedure 430.1: Modified Method T0-14 Program specific procedure, no equivalent 
for the· Gas Chromatography/Mass SW-846 method 
Spectrometry Determination of Volatile 
Organic Compounds in Waste Container 
Head space 
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TABLE C12-1 (CONTINUED) 
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL 

METHODS 

Methods Manual Procedure SW-846 Method 

Procedure 430.2: Modified Method Program specific procedure, no equivalent SW· 
8240/8260 for the Determination of Volatile 846 method 
Organic Compounds in Waste Container 
Headspace 

Procedure 430.3: Method 82408 for the SW-846 Method 82408: Volatile Organic 
Determination of Total Volatile Organic Compounds by Gas Chromatography/Mass 
Compounds in Homogenous Solids and Spectrometry (GC/MS) - See Table C12-2 
Soil/Gravel 

Procedure 430.4: Method 8260A for the SW-846 Method 8260A: Volatile Organic 
Determination of Total Volatile Organic Compounds by Gas Chromatography/Mass 
Compounds in Homogenous Solids and Spectrometry (GC/MS): Capillary Column 
Soil/Gravel Technique - See Table C12-3 

Procedure 430.5: Method 8250A for the SW-846 Method 8250A: Semivolatile 
Determination of Total Semi-Volatile Organic Organic Compounds by Gas 
Compounds in Homogenous Solids and Chromatography/Mass Spectrometry 
Soil/Gravel (GC/MS) - See Table C12-4 

Procedure 430.6: Method 82708 for the SW-846 Method 82708: Semivolatile 
Determination of Total Semi-Volatile Organic Organic Compounds by Gas 
Compounds in Homogenous Solids and Chromatography/Mass Spectrometry 
Soil/Gravel (GC/MS): Capillary Column Technique --

See Table C12-5 

Procedure 440.1: Gas Program specific procedure, no equivalent SW 
Chromatography/Flame Ionization Detector 846 method 
Determination of Alcohols and Ketones in 
Waste Container Headspace 

Procedure 440.2: Direct Injection Gas Program specific procedure, no equivalent S\ V 
Chromatography/Flame Ionization Detector 846 method 
Determination of Nonhalogenated Volatile 
Organic Compounds in Homogenous Solids 
and Soil/Gravel 
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TABLE C12-1 (CONTINUED) 
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL 

METHODS 

Methods Manual Procedure SW-846 Method 

Procedure 440.3: Gas SW-846 Method 8081: Organochlorine 
Chromatography/Electron Capture Detection Pesticides and PCBs as Aroclors by Gas 
Determination of PCBs in Organic Sludge Chromatography: Capillary Column 

Technique; SW-846 Method 3550: 
Ultrasonic Extraction; SW-846 Method 3620: 
Florisil Column Cleanup. These methods 
have been optimized for the determination 
of PCBs only in TRU waste - See Table C-1 ~-
6 

Procedure 510.1: Mass Spectrometry Program specific procedure, no equivalent SW· 
Determination of Hydrogen and Methane in 846 method 
Waste Container Headspace 

Procedure 520.1: Gas Chromatography Program specific procedure, no equivalent SW· 
Determination of Hydrogen and Methane in 846 method 
Waste Container Headspace 

Procedure 610.1: Microwave Assisted Acid SW-846 Method 3051: Microwave Assisted 
Digestion of Homogenous Solids and Acid Digestion of Sediments, Sludges, Soils, 
Soil/Gravel and Oils -- See Table C-12-7 

Procedure 620.1: Extraction Program specific procedure, no equivalent SW· 
Chromatography Cleanup of Homogenous 846 method 
Solids and Soil/Gravel Samples Undergoing 
Total Metals Analysis 

Procedure 630.1: Method 6020 for the SW-846 Method 6020: Inductively Coupled P a 
Inductively Coupled Plasma-Mass Mass Spectrometry - See Table C-12-8 
Spectrometry Determination of Total Metals 
in Homogenous Solids and Soil/Gravel 

Procedure 640.1: Method 601 OA for the SW-846 Method 601 OA: Inductively Coupled 
Inductively Coupled Plasma-Atomic Plasma-Atomic Emission Spectroscopy -
Emission Spectroscopy Determination of See Table C-12-9 
Total Metals in Homogenous Solids and 
Soil/Gravel 
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WIPP RCRA Part B Permit Application 
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Revision 5.2 

TABLE C12-1 (CONTINUED) 
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL 

METHODS 

Methods Manual Procedure SW-846 Method 

Procedure 650.1: Flame Atomic Absorption Various SW-846 Direct Aspiration Atomic 
Spectroscopy Determination of Total Metals Absorption Methods, including 7040 
in Homogenous Solids and Soil/Gravel (antimony), 7080A (barium), 7090 

(beryllium}, 7130 (cadmium), 7190 
(chromium), 7420 (lead), 7520 (nickel), 
7760A (silver), 7840 (thallium}, 7910 
(vanadium), 7950 (zinc) - See Table C12-
10 

Procedure 650.2: Graphite Furnace Atomic Various SW-846 Graphite Furnace Atomic 
Absorption Spectroscopy Determination of Absorption Methods, including 7041 
Total Metals in Homogenous Solids and (antimony), 7081 (barium), 7091 (beryllium), 
Soil/Gravel 7131A (cadmium), 7191 (chromium}, 7421 

(lead}, 7761 (silver), 7841 (thallium}, 7911 
(vanadium}, 7951 (zinc) - See Table C12-
11 

Procedure 650.3: Cold Vapor Atomic SW-846 Method 7471A Mercury in Solid or 
Absorption Spectroscopy Determination of Semisolid Waste (Manual Cold-Vapor 
Total Mercury in Homogenous Solids and Technique) - See Table C12-12 
Soil/Gravel 

Procedure 650.4: Hydride Generation SW-846 Method 7061A Arsenic (AA, 
Atomic Absorption Spectroscopy Gaseous Hydride) - See Table C12-13 
Determination of Total Arsenic in 
Homogenous Solids and Soil/Gravel 

Procedure 650.5: Borohydride Generation SW-846 Method 7062 Antimony and Arsenic 
Atomic Absorption Spectroscopy (AA, Borohydride Reduction) -- See Table C12 
Determination of Total Antimony and 14 
Arsenic in Homogenous Solids and 
Soil/Gravel 

Procedure 650.6: Hydride Generation SW-846 Method 7741A Selenium (AA, 
Atomic Absorption Spectroscopy Gaseous Hydride) - See Table C12-15 
Determination of Total Selenium in 
Homogenous Solids and Soil/Gravel 
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TABLE C12-1 (CONTINUED) 
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL 

METHODS 

Methods Manual Procedure SW-846 Method 

Procedure 650.7: Borohydride Generation SW-846 Method 77 42 Selenium (AA, 
Atomic Absorption Spectroscopy Borohydride Reduction) - See Table C12-
Determination of Total Selenium in 16 
Homogenous Solids and Soil/Gravel 
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TABLE C12-2 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82408 AND METHODS MANUAL PROCEDURE 430.3 

Methods Manual Procedure 430.3 Section Corresponding SW-846 Method 82408 Section Comments 

Section 1.0 Sco1:1e and A1:11:1lication Section 1.0 Sco1:1e and A1:11:1lication . SW-846 Method 82408 allows analysis . Program analyte list and quality . Analyte list does not include 1,4- of most volatile organic compounds with 
assurance objectives (QAOs) included in dichlorobenzene, ortho-dichlorobenzene, boiling points below 200 degrees C and 
Table 1 1, 1,2-trichloro-1,2,2-trifluoroethane are insoluble or slightly soluble in water. . Analyte list is a subset of SW-846 (Freon 113) and specifies total xylenes . Dichlorobenzenes can be analyzed as 
Method 82408 analyte list except for 1,4- . Estimated quantitation limit for semivolatile organic compound as per 
dichlorobenzene, ortho-dichlorobenzene, soil/sediment samples is 0.5 mg/kg Table 1 in the Methods Manual 
and 1, 1,2-trichloro-1,2,2-trifluoroethane . Batch not to exceed 20 samples as per S' rv- procedure . . Refers directly and only to SW-846 846 Chapter One . Freon 113 is very similar to other freon 
Method 82408 compound included on the analyte list of . Method detection limit of 1 mg/kg SW-846 Method 82408 . . Requires samples to be analyzed in . Program QAOs are derived based on SW 
batches not to exceed 20 samples 846 Method 82408 Table 6 calibration 

and quality control acceptance criteria 
(precision and accuracy) and regulatory 
requirements {MDL and PRQL) . SW-846 Method is capable of 
quantitating at Procedure 430.3 method 
detection limit. 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . Refers directly and only to SW-846 
Method 82408 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 82408 
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TABLE C12-2 (CONTINUED) 

WIPP RCRA Part 8 Pennit Application 
DOEIWIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82408 AND METHODS MANUAL PROCEDURE 430.3 

Methods Manual Procedure 430.3 Section Corresponding SW-846 Method 82408 Section Comments 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 82408 
and training. 

Section 5.0 Aggaratus and Materials Section 4.0 Aggaratus and Materials . Refers directly and only to SW-846 
Method 82408 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 82408 

Section 7.0 Samgle Collection, Preservation and Section 6.0 Samgle Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to Chapter Four, Section 4.1 of collection of samples from containers of 

Methods Manual Procedure 120.1 SW-846 TRU waste through coring and . Requires sample handling and chain-of- subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the SW-846 for guidance and requirements 
QAPP for sampling. . Section 6.0 of the QAPP incorporates 

applicable sample handling and 
preservation requirements for voe 
samples included in SW-846, Chapter 
Four, Section 4.1. 
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TABLE C12-2 (CONTINUED) 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82408 AND METHODS MANUAL PROCEDURE 430.3 

Methods Manual Procedure 430.3 Section Corresponding SW-846 Method 82408 Section Comments 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Allows analyst to determine appropriate . Subsection 7.2 addresses initial 430.3 are the same as found in SW-846 
preparation techniques based on SW- calibration Method 82408 except for the response 
846 or other nationally recognized . Subsection 7 .3 addresses continuing factor for bromoform listed in Table 2 of 
standard methods calibration Procedure 430.3. This error in . Refers directly and only to SW-846 . Subsection 7.4.3 addresses the analysis Procedure 430.3 will be corrected. 
Method 82408 for initial calibration of sedimenUsoil and waste samples . Refers directly and only to SW-846 
Method 82408 continuing calibralton . All calibration requirements are 
summarized in Table 2 . Refers directly and only to SW-846 
Method 82408 for analytical steps 

Section 9.0 Calculations Section 7 .5 Data lntemretation . Conversion from ug/kg to mg/kg is a . Refers directly and only to SW-846 . Specifies waste reported in ug/kg wet- simple multiplication step . 
Method 82408 weig'.lt basis . Specifies results reported in mg/kg wet-
weight basis 

C12-9 



TABLE C12-2 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEl\IVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82408 AND METHODS MANUAL PROCEDURE 430.3 

Methods Manual Procedure 430.3 Section Corresponding SW-846 Method 82408 Section Comments 

Section 10.0 Quali!Y Control Section 8.0 Quali!Y Control . Procedure 430.3 quality control . Requires formal quality control program . SW-846 Method 8000A requires each requirements meet or exceed SW-846 . Requires demonstration of acceptable laboratory to operate a formal quality Method 82408 quality control 
performance prior to analyzing program control program requirements 
samples . Requires demonstration of acceptable . Procedure 430.3 provides a better . Specifies equations for calculating accuracy and precision through the defined quality control program than SW-
analytical precision, accuracy, method analysis of quality control reference 846 Method 82408 
detection limit, and percent recovery for sample 
quality control samples . SW-846 Chapter One includes equations . Method performance samples must be for calculating precision, accuracy, and 
run initially and semiannually, method detection limit 
acceptance criteria are Table 1 QAOs. . Method performance samples not . Laboratory duplicates must be run once addressed, however SW-846 Chapter 
per batch, acceptance criteria are the One requires demonstration of method 
Table 1 QAOs for precision performance prior to field sample . Laboratory blanks must be run once per analysis 
batch, acceptance criteria is <3 x MDLs . Laboratory duplicates required once per 
in Table 1 batch in SW-846 Method 8000A, . Matrix spikes must be run once per acceptance criteria not addressed 
batch, acceptance criteria are the Table . Method blanks required initially and 
1 QAOs for accuracy once per batch in SW-846 Method . Matrix spike duplicates must be run 8000A and Chapter One, various 
once per batch, acceptance criteria are acceptance criteria are recommended 
the Table 1 QAOs for precision and . Matrix spikes required once per batch, 
accuracy no acceptance criteria specified for . Laboratory control samples must be run solid samples 
once per batch, acceptance criteria are . Matrix spike duplicates not required in 
80-120 %R addition to laboratory duplicates 
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TABLE C12-2 (CONTINUED) 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82408 AND METHODS MANUAL PROCEDURE 430.3 

Methods Manual Procedure 430.3 Section Corresponding SW-846 Method 82408 Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 82408 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 82408 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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TABLE C12-3 

WIPP RCRA Part B Pennit Application 
DOEJWIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8260A AND METHODS MANUAL PROCEDURE 430.4 

Methods Manual Procedure 430.4 Section Corresponding SW-846 Method 8260A Section Comments 

Section 1.0 ScoQe and AQQlication Section 1.0 ScoQe and AQQlication . SW-846 Method 8260A allows analysis 
• Program analyte list and quality . Analyte list does not include 1, 1,2- of most volatile organic compounds with 

assurance objectives (QAOs) included in trichloro-1,2,2-trifluoroethanE. (Freon boiling points below 200 degrees C and 
Table 1 113) are insoluble or slightly soluble in water. . Analyte list is a subset of SW-846 . Estimated quantitation limit for . Freon 113 is very similar to other freon 
Method 8260A analyte list except for soil/sediment samples is 0.5 mg/kg compounds included in the analyte list 
1, 1,2-trichloro-1,2,2-trifluoroethane . Batch not to exceed 20 samples as per of SW-846 Method 8260A . Refers directly and only to SW-846 SW-846 Chapter One . Program QAOs are derived based on 
Method 8260A SW-846 Method 82408 Table 6 . Method detection limit of 1 mg/kg calibration and quality control 

• Requires samples to be analyzed in acceptance cnteria (precision and 
batches not to exceed 20 samples accuracy) and regulatory requirements 

(MDL and PRQL) . SW-846 Method 8260A is capable of 
quantitating at Procedure 430.4 method 
detection limit 

Section 2.0 Summa!.Y of Procedure Section 2.0 Summa[.Y of Method . Refers directly and only to SW-846 
Method 8260A 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 8260A 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 8260A 
and training. 
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TABLE C12-3 (CONTINUED) 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8260A AND METHODS MANUAL PROCEDURE 430.4 

Methods Manual Procedure 430.4 Section Corresponding SW-846 Method 8260A Section Comments 

Section 5.0 Ai;maratus and Materials Section 4.0 AQQaratus and Materials . Refers directly and only to SW-846 
Method 8260A 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 8260A 

Section 7.0 SamQle Collection, Preservation and Section 6.0 SamQle Collection, Preservation and . Procedure 120 .1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to Chapter Four, Section 4.1 of collection of samples from containers of 

Methods Manual Procedure 120 .1 SW-846 TRU waste through coring and . Requires sample handling and chain-of- subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the SW-846 for guidance and requirements 
QAPP for sampling. . Section 6.0 of the QAPP incorporates 

applicable sample handling and 
preservation requirements for voe 
samples included in SW-846, Chapter 
Four, Section 4.1. 
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TABLE C12-3 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8260A AND METHODS MANUAL PROCEDURE 430.4 

Methods Manual Procedure 430.4 Section Corresponding SW-846 Method 8260A Section Comments 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Allows analyst to determine appropriate . Subsection 7.3 addresses initial 430.4 are the same as found in SW-846 
preparation techniques based on SW- calibration Method 8260A except for the response 
846 or other nationally recognized . Subsection 7.4 addresses continuing factor for bromoform listed in Table 2 of 
standard methods calibration Procedure 430.4. This error in . Refers directly and only to SW-846 . Subsections 7.1, 7.2, and 7.5 address Procedure 430.4 will be corrected. 
Method 8260A for initial calibration the analysis of sedimenUsoil and waste . Refers directly and only to SW-846 samples 
Method 8260A continuing calibration . All calibration requirements are 
summarized in Table 2 . Refers directly and only to SW-846 
Method 8260A for analytical steps 

Section 9.0 Calculations Section 7.5 Data lnter~retation . Conversion from ug/kg to mg/kg is a . Refers directly and only to SW-846 . Specifies waste reported in ug/kg wet- simple multiplication step . 
Method 8260A weight basis . Specifies results reported in mg/kg wet-
weight basis 
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TABLE C12-3 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8260A AND METHODS MANUAL PROCEDURE 430.4 

Methods Manual Procedure 430.4 Section Corresponding SW-846 Method 8260A Section Comments 

Section 10.0 Qua Ii~ Control Section 8.0 Quali~ Control . Procedure 430.4 quality control . Requires formal quality control program . SW-846 Method 8000A requires each requirements meet or exceed SW-846 . Requires demonstration of acceptable laboratory to operate a formal quality Method 8260A quality control 
performance prior to analyzing program control program requirements 
samples . Requires demonstration of acceptable . Procedure 430.4 provides a better . Specifies equations for calculating accuracy and precision through the defined quality control program than 
analytical precision, accuracy, method analysis of quality control reference SW-846 Method 8260A 
detection limit, and percent recovery for sample 
quality control samples . SW-846 Chapter One includes equations . Method performance samples must be for calculating precision, accuracy, and 
run initially and semiannually. method detection limit 
acceptance criteria are Table 1 QAOs. . Method performance samples not . Laboratory duplicates must be run once addressed, however SW-846 Chapter 
per batch, acceptance criteria are the One requires demonstration of method 
Table 1 QAOs for precision performance prior to field sample . Laboratory blanks must be run once per analysis 
batch, acceptance criteria is <3 x MDLs . Laboratory duplicates required once per 
in Table 1 batch in SW-846 Method 8000A, . Matrix spikes must be run once per acceptance criteria not addressed 
batch, acceptance criteria are the Table . Method blanks required initially and 
1 QAOs for accuracy once per batch in SW-846 Method . Matrix spike duplicates must be run 8000A and Chapter One, various 
once per batch, acceptance criteria are acceptance criteria are recommended 
the Table 1 QAOs for precision and . Matrix spikes required once per batch in 
accuracy SW-846 Method 8000A, no acceptance . Laboratory control samples must be run criteria specified for solid samples 
once per batch, acceptance criteria is . Matrix spike duplicates not required in 
80-120 %R addition to laboratory duplicates 
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WIPP RCRA Part B Permit Application 
DOEfv\llPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8260A AND METHODS MANUAL PROCEDURE 430.4 

Methods Manual Procedure 430.4 Section Corresponding SW-846 Method 8260A Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 8260A 

Section 12.0 References Section 10.0 References . Petformance Demonstration Program . See SW-846 Method 8260A 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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TABLE C12-4 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8250A AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.5 Section Corresponding SW-846 Method 8250A Section Comments 

Section 1.0 Sco1:1e and A1:11:1lication Section 1.0 Sco1:1e and A[![!lication . The Methods Manual list is a subset of . Program analyte list and quality . The table in Subsection 1.1 lists the that in SW-846. Cresols are the same 
assurance objectives (QAOs) included applicable analytes, including: as methylphenols and ortho-
as Table 1, which includes: . 2-methylphenol and 4- dichlorobenzene is the same as 1,2-. cresols (a mixture of all isomers methylphenol dichlorobenzene. The Methods Manual 

of cresol [o, m, p)) . 1,2-dichlorobenzene includes m-cresol (3-methylphenol) in its . ortho-dichlorobenzene . Subsection 1.2 includes pyridines as list (under cresols), which is not . pyridine compounds that can be quantitated included in SW-846. SW-846 does not . Analyte list is a subset of SW-846 . Batch not to exceed 20 samples as per include pyridine in the analyte list, but 
Method 8250A analyte list, except SW-846 Chapter One allows for it in Subsection 1.2. 
pyridine . Program QAOs are derived based on . Refers directly and only to SW-846 SW-846 Method 8250A Table 6 
Method 8250A (accuracy and precision) and regulatory . Requires samples to be analyzed in requirements (MDL and PRQL) 
batches not to exceed 20 samples 

Section 2.0 Summa!}'. of Procedure Section 2.0 Summa!}'. of Method . Refers directly and only to SW-846 
Method 8250A 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 8250A 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 8250A 
and training 
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WlPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8250A AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.5 Section Corresponding SW-846 Method 8250A Section Comments 

Section 5.0 Ai;maratus and Materials Section 4.0 Ai;maratus and Materials . Refers directly and only to SW-846 
Method 8250A 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 8250A 

Section 7.0 Sam1:1le Collection, Preservation and Section 6.0 Sam1:1le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter 4, Section collection of samples from containers of 

Methods Manual Procedure 120.1 4.1 TRU waste through coring and . Requires sample handling and chain-of- subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the SW-846 for guidance and requirements 
QAPP for sampling. . Section 6.0 of the QAPP incorporates 

applicable sample handling and 
preservation requirements for samples 
included in SW-846, Chapter 4, Section 
4.1. 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8250A AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.5 Section Corresponding SW-846 Method 8250A Section Comments 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Allows analyst to determine appropriate . Subsections 7 .1 and 7 .2 refer to other 430.5 are the same as found in SW-846 
preparation techniques based on SW- SW-846 methods for sample preparation Method 8250A, except for the o/oRSD for 
846 or other nationally recognized and cleanup CCCs listed in Table 2 of Procedure 
standard methods . Subsection 7 .3 addresses recommended 430.5. This error in Procedure 430.5 . Refers directly and only to SW-846 GC/MS operating conditions will be corrected . 
Method 8250A for GC/MS operating . Subsection 7.4 addresses initial . Procedure 430.5 includes accuracy 
conditions calibration criteria for surrogate compounds in its . Refers directly and only to SW-846 . Subsection 7.5 addresses continuing continuing calibration criteria; SW-846 
Method 8250A for initial calibration (daily) calibration Method 8250A provides this criteria in . Refers directly and only to SW-846 . Subsection 7.6 addresses the analytical Subsection 8.9 and Table 8 . 
Method 8250A for continuing calibration procedure . All calibration requirements are 
summarized in Table 2 . Refers directly and only to SW-846 
Method 8250A for analytical steps 

Section 9.0 Calculations Subsection 7.7 Data lnternretation . Conversion from µg/kg to mg/kg is a . Refers directly and only to SW-846 . Specifies waste reported in µg/kg wet- simple multiplication step. 
Method 8250A weight basis . Specifies results reported in mg/kg wet-
weight basis 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8250A AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.5 Section Corresponding SW-846 Method 8250A Section Comments 

Section 10.0 Qualit:t Control Section 8.0 Qualih'. Control . Procedure 430.5 quality control . Requires formal quality control program . Requires each laboratory to operate a requirements meet or exceed SW-846 
• Requires demonstration of acceptable formal quality control program Method 8250A quality control 

performance prior to analyzing program . Requires demonstration of acceptable requirements 
samples precision and accuracy through the . Procedure 430.5 provides a better . Specifies equations for calculating analysis of quality control check defined quality control program than 
analytical precision, accuracy, method standard SW-846 Method 8250A 
detection limit, and percent recovery for . SW-846 Chapter One includes equations 
quality control samples for calculating precision, accuracy, and . Method performance samples must be method detection limit 
run initially and semiannually, . Method performance samples not 
acceptance criteria are Table 1 QAOs addressed, however SW-846 Chapter . Laboratory duplicates must be run once One requires demonstration of method 
per batch, acceptance criteria are the performance prior to field sample 
Table 1 QAOs for precision analysis . Laboratory blanks must be run once per . Laboratory duplicates not addressed 
batch, acceptance criteria is <3 x MDLs . Method blanks required initially and 
in Table 1 once per batch in SW-846 Method . Matrix spikes must be run once per 8000A and Chapter One, various 
batch, acceptance criteria are the Table acceptance criteria are recommended 
1 QAOs for accuracy . Matrix spikes required once per batch, . Matrix spike duplicates must be run acceptance criteria are the accuracy 
once per batch, acceptance criteria are ranges provided in Method 8250A Table 
the Table 1 QAOs for precision and 6 
accuracy . Matrix spike duplicates required once . Laboratory control samples must be run per batch, acceptance criteria are not 
once per batch, acceptance criterion is addressed 
80-120 %R . Laboratory control samples required 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 8250A AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.5 Section Corresponding SW-846 Method 8250A Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 8250A 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 8250A 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

COMPARISON Oi= SW-846 METHOD 82708 AND METHODS MANUAL PROCEDURE 430.6 

Methods Manual Procedure 430.6 Section Corresponding SW-846 Method 82708 Section Comments 

Section 1.0 Scoge and Agglication Section 1.0 Scoge and Agglication . The Methods Manual list is a subset of 
• Program analyte list and quality . The table in Subsection 1.1 lists the that in SW-846. Cresols is the same as 

assurance objectives (QAOs) included applicable analytes, including: methylphenols and ortho-
as Table 1, which includes: . 2-methylphenol, 3- dichlorobenzene is the same as 1,2-. cresols (a mixture of all isomers methylphenol, and 4- dichlorobenzene. SW-846 does not 

of cresol (o, m, p]) methylphenol include pyridine in the analyte list, but . ortho-dichlorobenzene . 1,2-dichlorobenzene allows for it in Subsection 1.2. . pyridine . Subsection 1.2 includes pyridines as . Program QAOs are derived based on . Analyte list is a subset of SW-846 compounds that can be quantitated SW-846 Method 82708 Table 6 quality 
Method 82708 analyte list, except . Batch not to exceed 20 samples as per control criteria (accuracy and precision) 
pyridine SW-846 Chapter One and regulatory requirements (MDL and . Refers directly an only to SW-846 PRQL) 
Method 82708 . Requires samples to be analyzed in 
batches not to exceed 20 samples 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . Refers directly and only to SW-846 
Method 82708 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 82708 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 82708 
and training 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82708 AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.6 Section Corresponding SW-846 Method 82708 Section Comments 

Section 5.0 A121:1aratus and Materials Section 4.0 A1:11:1aratus and Materials . Refers directly and only to SW-846 
Method 82708 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 82708 

Section 7.0 Sam1:1le Collection, Preservation and Section 6.0 Sam1:1le Collection, Preservation and . Procedure 120 .1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter 4, Section collection of samples from containers of 

Methods Manual Procedure 120.1 4.1 TRU waste through coring and . Requires sample handling and chain-of- subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the SW-846 for guidance and requirements 
QAPP for sampling. . Section 6.0 of the QAPP incorporates 

applicable sample handling and 
preservation requirements for samples 
included in SW-846, Chapter 4, Section 
4.1. 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82708 AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.6 Section Corresponding SW-846 Method 82708 Section Comments 

Section 8.0 Procedure Section 7 .0 Procedure . Calibration requirements in Procedure . Allows analyst to determine appropriate . Subsections 7.1 and 7.2 refer to other 430.6 are the same as found in SW-846 
preparation techniques based on SW- SW-846 methods for sampl3 preparation Method 82708, except for the %RSD !or 
846 or other nationally recognized and cleanup CCCs listed in Table 2 of Procedure 
standard methods . Subsection 7.3 addresses initial 430.6. This error in Procedure 430.6 . Refers directly and only to SW-846 calibration will be corrected . 
Method 82708 for initial calibration . Subsection 7.4 addresses continuing . Procedure 430.6 includes accuracy . Refers directly and only to SW-846 (daily) calibration criteria for surrogate compounds in its 
Method 82708 for continuing calibration . Subsection 7.5 addresses the analytical continuing calibration criteria; SW-846 . All calibration requirements are procedure Method 82708 provides this criteria in 
summarized in Table 2 Subsection 8 9 and Table 8. . Refers directly and only to SW-846 
Method 82708 for analytical steps 

Section 9.0 Calculations Subsection 7 .6 Data lnterQretation . Conversion from µg/kg to mg/kg is a . Refers directly and only to SW-846 . Specifies waste reported in µg/kg wet- simple multiplication step . 
Method 82708 weight basis . Specifies results reported in mg/kg wet-
weight basis 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82708 AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.6 Section Corresponding SW-846 Method 82708 Section Comments 

Section 10.0 Quali~ Control Section 8.0 Quali~ Control . Procedure 430.6 quality control . Requires formal quality control program . Requires each laboratory to operate a requirements meet or exceed SW-846 . Requires demonstration of acceptable formal quality control program Method 82708 quality control 
performance prior to analyzing program . Requires demonstration of acceptable requirements 
samples precision and accuracy through the . Procedure 430.6 provides a better . Specifies equations for calculating analysis of quality control reference defined quality control program than 
analytical precision, accuracy, method standard SW-846 Method 82708 
detection limit, and percent recovery for . SW-846 Chapter One includes equations 
quality control samples for calculating precision, accuracy, and . Method performance samples must be method detection limit 
run initially and semiannually, . Method performance samples not 
acceptance criteria are Table 1 QAOs addressed, however SW-846 Chapter . Laboratory duplicates must be run once One requires demonstration of method 
per batch, acceptance criteria are the performance prior to field sample 
Table 1 QAOs for precision analysis . Laboratory blanks must be run once per . Laboratory duplicates required once per 
batch, acceptance criteria is <3 x MDLs batch, acceptance criteria are not 
in Table 1 addressed . Matrix spikes must be run once per . Method blanks required initially and 
batch, acceptance criteria are the Table once per batch in SW-846 Method 
1 QAOs for accuracy 8000A and Chapter One, various . Matrix spike duplicates must be run acceptance criteria are recommended 
once per batch, acceptance criteria are . Matrix spikes required once per batch, 
the Table 1 QAOs for precision and acceptance criteria are not addressed 
accuracy for solid samples . Laboratory control samples must be run . Matrix spike duplicates not required in 
once per batch, acceptance criterion is addition to laboratory duplicates 
80-120 %R . Laboratory control samples required 
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WIPP RCRA Part 8 Permit Application 
DOEJ\NIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 82708 AND METHODS MANUAL PROCEDURE 430.5 

Methods Manual Procedure 430.6 Section Corresponding SW-846 Method 82708 Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance 
• Refers directly and only to SW-846 

Method 82708 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 82708 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 1.0 ScoQe and AQQlication Section 1.0 ScoQe and AQQlication . Procedure 440.3 has been optimized for . Program analyte list (limited to 7 PCB . SW-846 Method 8081 analyte list the determination of PCBs in TRU waste 
Aroclors) and quality assurance includes numerous pesticides and PCB sludge 
objectives (QAOs) included as Table 1 aroclors . Procedure 440.3 analyte list is a subset . Analyte list is a subset of SW-846 . Batch not to exceed 20 samples as per of SW-846 Method 8081 analyte list 
Method 8081 analyte list SW-846 Chapter One . Program QAOs are derived based on . Refers directly SW-846 Methods 8000A, . Minimum reported method detection SW-846 Method 8081 Tables 15 and 16 
8081, 3550, and 3620 limits are 0.057-0.070 mg/kg for PCB and procedure development work . Requires samples to be analyzed in aroclors (precision and accuracy) and regulatory 
batches not to exceed 20 samples requirements (MDL and PRQL) . Method detection limit set at 5 mg/kg . SW-846 Method 8081 capable of 

quantitating at Procedure 440.3 method 
detection limit 

Section 2.0 Summarr: of Procedure Section 2.0 Summarr: of Method . Sample preparation, hexane extraction . SW-846 Method 8081 requires 
with vortex mixing, Florisil cleanup, and appropriate extraction method, hexane-
quantitation by GC/ECD is summarized acetone extraction according to SW-846 

Method 3550 allowed . SW-846 Method 8081 allows for a 
variety of cleanup steps as discussed in 
Section 3.0 . SW-846 Method 8081 allows 
quantitalion with GC/ECD 

C12-27 



TABLE C12-6 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 2.0 Summai:y of Procedure Section 2.0 Summai:y of Method . Sample preparation, hexane extraction . SW-846 Method 8081 requires 
with vortex mixing, Florisil cleanup, and appropriate extraction method, hexane-
quantitation by GC/ECD is summarized acetone extraction according to SW-846 

Method 3550 allowed . SW-846 Method 8081 allows for a 
variety of cleanup steps as discussed in 
Section 3.0 . SW-846 Method 8081 allows 
quantitation with GC/ECD 

Section 3.0 Interferences Section 3.0 Interferences . General discussion of possible . SW-846 allows for a variety of cleanup 
interferences methods, including Florisil cleanup . Requires Florisil cleanup for spindle oil according to SW-846 Method 3620 . Refers directly to SW-846 Method 8081 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Methods 
and training 

Section 5.0 Aggaratus and Materials Section 4.0 Aggaratus and Materials . Refers directly to SW-846 Method 8081 . Equivalent equipment specified in SW-. Specifies extraction and cleanup 846 Methods 3550 and 3620 
equipment and materials 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 6.0 Reagents Section 5.0 Reagents . Procedure 440.3 should refer to SW-846 . Refers directly to SW-846 Method 8081 . Stock standards limited to 1 year shelf Method 8081, Section 8.2.2 for . Requires certified standard solutions life, or as required for purity corrective action of out-of-control . Stock standards limited to 6 months . Calibration standards to encompass surrogate standards. This error will be 
shelf life, or as required for purity expected concentration range of corrected. . Calibration standards must include all samples 
aroclors, individually and as mixes . Calibration standards limited to 6 . 5 standards required that encompass 5- months shelf life, or as required for 
500 ppm range purity . Calibration standards limited to 2 . Surrogate standards are DCBP as 
months shelf life primary, TCMX as secondary . Surrogate standards are DCBP as 
primary, TCMX as secondary . Surrogate final concentration in cleaned 
extract to be 0.05 ppm . Refers to SW-846 Method 8081, Section 
8.3 for corrective action for out-of-control 
surrogate recovery 
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WIPP RCRA Part B Pennit Application 
DOENVIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 7.0 Samgle Collection, Preservation and Section 6.0 Samgle Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Requires sample extracts to be stored collection of samples from containers of 

Methods Manual Procedure 120.1 under refrigeration and in dark and must TRU waste through coring and . Requires sample handling and chain-of- be analyzed within 40 days of extraction subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the . Refers to SW-846 Chapter Four SW-846 for guidance and requirements 
QAPP for sampling. . Section 6.0 of the QAPP incorporates 

applicable sample handling and 
preservation requirements for samples 
included in SW-846 Method 8081 and 
Chapter Four. 

Section 8.0 Procedure Section 7.0 Procedure . Because Procedure 440.3 was . Requires hexane extraction and vortex . SW-846 Method 8000A, Subsection developed to analyze PCBs in samples 
mixing of 2.0 gram sample; surrogate 7.4.2 addresses calibration requirements of radioactive organic sludge, extraction 
must be added to each sample and and requires a 5 point calibration curve and cleanup steps are modified from 
blank . SW-846 Method 8000A, Subsection 7.6, SW-846 Methods 3550 and 3620 . . Requires Florisil cleanup of all samples and Method 8081, Subsection 7.5 Extensive procedure perfonnance . Refers directly to SW-846 Method addresses analysis documentation is included in Section 
8000A for initial and continuing 11.0 to support and justify modified 
calibration techniques. . Requires a 3 point calibration curve . Procedure 440.3 requires a 3 point . All calibration requirements are calibration curve. Extensive procedure 
summarized in Table 2 perfonnance documentation is included . Refers directly to SW-846 Methods in Section 11.0 to support and justify 
8000A and 8081 for analytical steps this calibration. 

C12-30 



TABLE C12-6 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 9.0 Calculations Section 7.6.4 Quantitation of PCBs . Requires quantitation by summing 3-5 . Allows quantitation by summing areas of 
peaks associated with appropriate 3-5 peaks associated with appropriate 
Aroclor(s) Aroclor 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 10.0 Quali~ Control Section 8.0 Quali~ Control . The laboratory control sample required . Refers directly to SW-846 Method 8081, . SW-846 Method 8000A requires each by Procedure 440.3 fulfills the quality 
Subsections 8.4 (GC/MS confirmation) laboratory to operate a formal quality control reference standard 
and 8.5 (Florisil cleanup) control program recommended by SW-846 Method 8081 . Requires formal quality control program . Recommends demonstration of . Procedure 440.3 quality control . Requires demonstration of acceptable acceptable accuracy through the requirements meet or exceed SW-846 
performance prior to analyzing program analysis of quality control reference Method 8081 quality control 
samples standard once per batch, acceptance requirements . Specifies equations for calculating criteria is 80-120 %R . Procedure 440.3 provides a better 
analytical precision, accuracy, method . SW-846 Chapter One includes equations defined quality control program than 
detection limit, and percent recovery for for calculating precision, accuracy, and SW-846 Method 8081 
quality control samples method detection limit . Method performance samples must be . Method performance samples not 
run initially and semiannually, addressed, however SW-846 Chapter 
acceptance criteria are Table 1 QAOs One requires demonstration of method . Laboratory duplicates must be run once performance prior to field sample 
per batch, acceptance criteria are the analysis 
Table 1 QAOs for precision . Laboratory duplicates required once per . Laboratory blanks must be run once per batch in SW-846 Method 8000A and 
batch, acceptance criteria is <3 x MDLs Chapter One, acceptance criteria are not 
in Table 1 addressed . Matrix spikes must be run once per . Method blanks required initially and 
batch, acceptance criteria are the Table once per batch in SW-846 Method 
1 QAOs for accuracy 8000A and Chapter One, various . Matrix spike duplicates must be run acceptance criteria are recommended 
once per batch, acceptance criteria are . Matrix spikes required once per batch in 
the Table 1 QAOs for precision and SW-846 Method 8000A, no acceptance 
accuracy criteria specified for solid samples 
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WIPP RCRA Part 8 Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

COMPARISON OF COMBINED SW-846 METHODS (8081, 3550, 3620) AND METHODS MANUAL 
PROCEDURE 440.3 

Methods Manual Procedure 440.3 Section Corresponding SW-846 Method(s) Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Because Procedure 440.3 was . Extensive documentation of performance . References extensive method developed to analyze PCBs in samples 
of the optimized extraction, cleanup, and performance work performed by Oak of radioactive organic sludge, extraction 
analytical procedure developed by Ridge National Laboratory and cleanup steps are modified from 
Argonne National Laboratory SW-846 Methods 3550 and 3620. 

Extensive procedure performance 
documentation is included in Section 
11.0 of Procedure 440.3 to support and 
justify modified techniques. 

Section 12.0 References Section 10.0 References . Determination of PCBs in Rocky Flats . See SW-846 Method 8081 
Type IV Waste Sludge by Gas 
Chromatography/Electron Capture 
Detection (ANL 1993) . Performance Demonstration Program 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 3051 AND METHODS MANUAL PROCEDURE 610.1 

Methods Manual Procedure 610.1 Section Corresponding SW-846 Method 3051 Section Comments 

Section 1.0 Sco1;1e and AQQlication Section 1.0 Sco1;1e and A1;11;1lication . Procedure 610.1 analyte list is a subset . Program analyte indicated (subset of . Section 1.1, analyte list of the analyte list in SW-846 Method 
analytes allowed by SW-846 Method . Section 1.2, addresses analytical 3051 
3051) methods applicable to this preparation . The acceptable analytical procedures to . List of analytical methods applicable to procedure be used for the digestates generated by 
this preparation procedure . Batch not to exceed 20 samples as per this procedure are identical . Refers directly to SW-846 Method 3051 SW-846 Chapter One . Requires samples to be analyzed in 
batches not to exceed 20 samples 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . Refers directly and only to SW-846, 
Method 3051 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846, 
Method 3051 

Section 4.0 Safety . RElsponsibililies for safety and health No equivalent section in SW-846 Method 3051 
and training 

Section 5.0 A1;11;1aratus and Materials Section 4.0 A1;11;1aratus and Materials . Refers directly and only to SW-846, 
Method 3051 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846, 
Method 3051 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 3051 AND METHODS MANUAL PROCEDURE 610.1 

Methods Manual Procedure 610.1 Section Corresponding SW-846 Method 3051 Section Comments 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 3051 
and training 

Section 5.0 A1maratus and Materials Section 4.0 A1:11:1aratus and Materials . Refers directly and only to SW-846, 
Method 3051 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846, 
Method 3051 

Section 7.0 Sam1:1le Collection, Preservation and Section 6.0 Sam1:1le Collection, Preservation, and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Samples collected following sampling collection of samples from containers of 

Methods Manual Procedure 120.1 plan in SW-846 Chapter Nine TRU waste through coring and . Requires sample handling and chain-of- . Sample containers must be prewashed subsampling. Procedure 120.1 refers to 
custody procedures in Section 6.0 of the in SW-846 Chapter Three SW-846 for guidance and requirements 
QAPP . Samples must be refrigerated and for sampling. 

analyzed as soon as possible . Section 6.0 of the QAPP incorporates 
applicable sample handling and 
preservation requirements in SW-846 
Method 3051, Chapter Nine, and 
Chapter Three 
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WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 3051 AND METHODS MANUAL PROCEDURE 610.1 

Methods Manual Procedure 610.1 Section Corresponding SW-846 Method 3051 Section Comments 

Section 8.0 Procedure Section 7.0 Procedure . Procedure 620.1 does not have an . Refers to SW-846 Method 3051 for equivalent method in SW-846 because it 
procedural requirements. is used to preferentially extract . Final acid concentration of digestate transuranic elements from the sample 
should be 4 M nitric acid if using matrix to reduce interferences. 
Procedure 620.1 for transuranic element 
cleanup. 

Section 9.0 Calculations Section 7.0 Procedure . Procedure 610.1 will be revised to refer . Does not apply to procedure . Section 7.0 of SW-846, Method 3051 to Section 7.0 of SW-846, Method 3051 
includes all required calculations 

Section 10.0 Quali~ Control Section 8.0 Qualit~ Control . No acceptance criteria given in . Laboratory blank must be included in . Method blank required once per batch in Procedure 610.1 for quality control 
analytical batch. SW-846 Chapter One, various samples. Acceptance criteria are found . Matrix spike must be included in acceptance criteria are recommended in the analytical methods 
analytical batch. . Matrix spike required once per batch in . Procedure 610.1 quality control . Matrix spike duplicate must be included SW-846 Method 3051, Section 8.3, requirements (as included in analytical 
in analytical batch. acceptance criteria are not addressed procedures) meet or exceed SW-846 . Laboratory control sample must be . Matrix spike duplicate or duplicate quality control requirements 
included in analytical batch. recommended once per batch in SW- . Methods Manual procedure provide a . Refers analyst to quality control section 846 Method 3051, Section 8.2, better defined quality control program 
of the analytical procedure used for any acceptance criteria are not addressed than SW-846 
additional requirements. . Laboratory control samples required 

once per batch in SW-846 Chapter One 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846, 
Method 3051 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 6020 AND METHODS MANUAL PROCEDURE 630.1 

Methods Manual Procedure 630.1 Section Corresponding SW-846 Method 6020 Section Comments 

Section 1.0 Sco12e and A1212lication Section 1.0 Sco12e and A1212lication . Program QAOs are derived from SW-. Program analyte list and quality . Analyte list included as Table 1 846 Method 6020 (precision and 
assurance objectives (QAOs) included in . Batch not to exceed 20 samples per accuracy) and regulatory requirements 
Table 1 SW-846 Chapter One (MDL and PRQL) . Analyte list is a subset of SW-846 
Method 6020 analyte list . Refers directly to SW-846 Method 6020 . Requires samples to be analyzed in 
batches not to exceed 20 samples 

Section 2.0 Summa!}'. of Procedure Section 2.0 Summa!}'. of Method . Refers directly and only to SW-846 
Method 6020 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 6020 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 6020 
and training 

Section 5.0 A1212aratus and Materials Section 4.0 A1212aratus and Materials . Refers directly and only to SW-846 
Method 6020 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 6020 
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WIPP RCRA Part B Pennit Application 
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Revision 5.2 

COMPARISON OF SW-846 METHOD 6020 AND MEHTODS MANUAL PROCEDURE 630.1 

Methods Manual Procedure 630.1 Section Corresponding SW-846 Method 6020 Section Comments 

Section 7.0 Sam1:1le Collection, Preservation and Section 6.0 Sam1:1le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Samples collected following SW-846 collection of samples from containers of 

Methods Manual Procedure 120.1 Chapter Nine TRU waste through coring and . Requires sample handling and chain-of- . Reference to SW-846 Chapter Three, subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the Section 3.1.3 for sample handling and SW-846 for guidance and requirements 
QAPP preservation for sani1 ·'i' :-1 . Section ti.LJ of the QAPP incorporates 

applicable sample handling and 
preservation requirements for samples 
included in SW-846 Chapter Three and 
Chapter Nine 

Section 8.0 Procedure Section 7.0 Procedure . Procedure 610.1 is based on SW-846 . Sample preparation procedures must . Subsection 7.1 references sample Method 3051 (see Table C-12-6) 
follow Procedure 610.1 of Methods preparation methods, SW-846 Method 
Manual 3051, microwave assisted digestion, . Sample cleanup Procedure 620.1 of the allowed 
Methods Manual may be used . Subsections 7 .2 through 7 .10 address . Refers directly and only to SW-846 calibration and analytical requirements 
Method 6020 for initial and continuing 
calibration . All calibration requirements are 
summarized in Table 2 . Refers directly and only to SW-846 
Method 6020 for analytical steps 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 6020 AND MEHTODS MANUAL PROCEDURE 630.1 

Methods Manual Procedure 630.1 Section Corresponding SW-846 Method 6020 Section Comments 

Section 9.0 Calculations Section 7.0 Procedure . Procedure 630.1 will be revised to . Refers to Section 7 .12 of SW-846 . Section 7 .11 of SW-846 Method 6020 reference Section 7.11 of SW-846 
Method 6020 for required calculations. addresses required calculations Method 6020 . Sample dilution must be taken into 
account . Results reported in mg/kg (wet weight 
basis) . Percent solid content must be 
determined on a separate sample 
aliquot to convert analytical results into 
mg/kg dry weight 
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WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 6020 AND MEHTODS MANUAL PROCEDURE 630.1 

Methods Manual Procedure 630.1 Section Corresponding SW-846 Method 6020 Section Comments 

Section 10.0 Quali~ Control Section 8.0 Quali~ Control . Procedure 630.1 quality control . Refers to Section 8.1 through 8.5 of SW- . Subsection 8.1 requires the laboratory to requirements meet or exceed SW-846 
846 Method 6020 and states that all establish a formal quality control Method 6020 quality control 
quality control requirements are program requirements 
mandatory . SW-846 Chapter One includes equations . Procedure 630.1 provides a better . Requires formal quality control program for calculating precision, accuracy and defined quality control program than . Requires demonstration of acceptable method detection limit SW-846 Method 6020 
performance prior to analyzing program . Method performance samples not 
samples addressed, however SW-846 Chapter . Specifies equations for calculating One requires demonstration of method 
analytical precision, accuracy, method performance prior to field sample 
detection limit, and percent recovery for analysis 
quality control samples . SW-846 Chapter One and SW-846 . IDL must be at or below PRDL 6020, Subsection 5.5 lists three blanks . Method performance samples must be that must be included (calibration blank, 
run initially and semiannually, preparation blank, and rinse blank), 
acceptance criteria are Table 1 QAOs acceptance criteria is programmatic . Laboratory blanks must be run once per . Matrix spike required once per batch, 
batch, acceptance criteria are s 5 x IDL acceptance criteria are not addressed . Matrix spikes must be run once per . One duplicate (may be matrix spike 
batch, acceptance criteria are 80-120 duplicate} is required per batch, 
%R recommended acceptance criteria are . Matrix spike duplicates must be run s20 RPO for concentrations >100 x IDL 
once per batch, acceptance criteria are 
80-120 %R and s 30 RPO . Laboratory control sample . Laboratory control samples must be run recommended once per batch, 
once per batch, acceptance criteria are acceptance criteria are not addressed 
80-120 %R . Blind audit samples not addressed, . Blind audit samples are distributed, however participation in an external 

performance evaluation program is 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 6020 AND MEHTODS MANUAL PROCEDURE 630.1 

Methods Manual Procedure 630.1 Section Corresponding SW-846 Method 6020 Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 6020 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 6020 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characten'zation 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 

C12-41 



TABLE C12-9 

WIPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 6010A AND METHODS MANUAL PROCEDURE 640.1 

Methods Manual Procedure 640.1 Section Corresponding SW-846 Method 6010A Section Comments 

Section 1.0 ScoQe and AQQlication Section 1.0 ScoQe and AQQlication . Program QAOs are derived from SW-. Program analyte list and quality . Analyte list included as Table 1 846 Method 6010A (precision and 
assurance objectives (QAOs) included . Batch not to exceed 20 samples as per accuracy) and regulatory requirements 
as Table 1 SW-846 Chapter One (MDL and PRQL) . Analyte list is a subset of SW-846 
Method 6010A analyte list . Refers directly SW-846 Method 601 OA . Requires samples to be analyzed in 
batches not to exceed 20 samples 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . Refers directly and only to SW-846 
Method 601 OA 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 601 OA 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 6010A 
and training 

Section 5.0 AQQaratus and Materials Section 4.0 AQQaratus and Materials . Refers directly and only to SW-846 
Method 6010A 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 6010A 
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WIPP RCRA Part B Permit Application 
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COMPARISON OF SW-846 METHOD 6010A AND METHODS MANUAL AND PROCEDURE 640.1 

Methods Manual Procedure 640.1 Section Corresponding SW-846 Method 6010A Section Comments 

Section 7.0 Sam12le Collection, Preservation and Section 6.0 Sam12le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Three, collection of samples from containers of 

Methods Manual Procedure 12Q.1 Section 3.1 through 3.3 for sample TRU waste through coring and . Requires sample handling and chain-of- handling and preservation subsampling. Procedure 12Q.1 refers to 
custody according to Section 6.0 of the SW-846 for guidance and requirements 
QAPP for sampling. . Section 6.Q of the QAPP incorporates 

applicable sample handling and 
preservation requirements for samples 
included in SW-846, Chapters Three 
and Nine 

Section 8.Q Procedure Section 7 .Q Procedure . Procedure 610.1 is based on SW-846 . Procedure 61Q.1 of the Methods Manual . Subsection 7.1 references sample Method 3Q51 (see Table C-12-6) 
must be followed preparation methods, SW-846 Method . Procedure 62Q.1 of the Methods Manual 3Q51, microwave assisted digestion, 
may be used if cleanup is required allowed . Refers directly and only to SW-846 . Subsections 7 .2 through 7 .5 address 
Method 6Q1 QA for initial calibration initial calibration, continuing calibration, . Refers directly and only to SW-846 and analytical steps 
Method 6Q1 QA for continuing calibration . All calibration requirements are 
summarized in Table 2 . Refers directly and only to SW-846 
Method 6Q10A for analytical steps 
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WIPP RCRA Part B Permit Application 
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Revision 5.2 

COMPARISON OF SW-846 METHOD 6010A AND METHODS MANUAL AND PROCEDURE 640.1 

Methods Manual Procedure 640.1 Section Corresponding SW-846 Method 6010A Section Comments 

Section 9.0 Calculations . Section 7.0 addresses quantitation . Specifies results reported in mg/kg wet-
weight basis . Use the calibration curve to determine 
analyte concentration 
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WIPP RCRA Part B Permit Application 
OOE/WlPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 601 OA AND METHODS MANUAL AND PROCEDURE 640.1 

Methods Manual Procedure 640.1 Section Corresponding SW-846 Method 601 OA Section Comments 

Section 10.0 Qualit~ Control Section 8.0 Quali!Y Control . Procedure 640.1 quality control . Refers to Section 8.1 through 8.5 of SW- . SW-846 Chapter One requires each requirements meet or exceed SW-846 
846, Method 6010A and requires that all laboratory to operate a formal quality Method 6010A quality control 
quality control requirements are control program requirements 
mandatory . SW-846 Chapter One requires . Procedure 640.1 provides a better . Requires formal quality control program demonstration of acceptable precision defined quality control program than . Requires demonstration of acceptable and accuracy through the analysis of SW-846 Method 6010A 
performance prior to analyzing program quality control reference standard 
samples . SW-846 Chapter One includes equations . Specifies equations for calculating used for calculating accuracy, precision, 
analytical precision. accuracy, method and method detection limit 
detection limit, and percent recovery for . Method performance samples not 
quality control samples addressed, however SW-846 Chapter . Method performance samples must be One requires demonstration of method 
run initially and semiannually, performance prior to field sample 
acceptance criteria are Table 1 QAOs analysis . Laboratory blanks must be run once per . SW-$\46 Chapter One and SW-846 
batch, acceptance criteria are s3 x IOL Method 601 OA requires the method . Matrix spikes required once per batch, blank be run once per batch, 
acceptance criteria are 80-120 %R acceptance criteria are ±3 standard . Matrix spike duplicates must be run deviations of mean blank value 
once per batch, acceptance criteria are . Matrix spikes required once per batch, 
80-120 %R and s 30 RPO acceptance criteria 80-120 %R . Laboratory control samples must be run . Matrix spike duplicates required once 
once per batch, acceptance criteria are per batch, acceptance criteria is s 20 
80-120 %R RPO and 80-120 %R . Blind audit samples are distributed, . Laboratory control samples required 
analyzed and reported as part of the once per batch in SW-846 Chapter One, 
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WIPP RCRA Part B Permit Application 
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Revision 5.2 

COMPARISON OF SW-846 METHOD 6010A AND METHODS MANUAL AND PROCEDURE 640.1 

Methods Manual Procedure 640.1 Section Corresponding SW-846 Method 6010A Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 6010A 

Section 12.0 References Section 10.0 References . Perfonnance Demonstration Program . See SW-846 Method 6010A 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7040; 7080A, 7090,7130,7190,7420, 7520, 7760A, 7840, 
7910, AND 7950 AND METHODS MANUAL PROCEDURE 650.1 

Methods Manual Procedure 650.1 Section Corresponding SW-846 Methods Section Comments 

Section 1.0 Sco12e and A1212lication Section 1.0 Sco12e and A1212lication . Each individual method refers to SW-. Program analyte list and quality . Table 1 analyte list, no specified QAOs 846 Method 7000A for general 
assurance objectives (QAOs) included in SW-846 Method 7000A requirements. However each method 
as Table 2 . Batch not to exceed 20 samples as per for a specific analyte may have . Analyte list is correlated directly to SW-846 Chapter One additional requirements unique to the 
appropriate SW-846 Method analyte . Refers directly to SW-846 Methods . Program QAOs are derived based on 
listed in Table 1 and 7000A SW-846 Methods (precision and . Requires samples to be analyzed in accuracy) and regulatory requirements 
batches not to exceed 20 samples (PRDL and PRQL) 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 4.0 Safetv . Responsibilities for safety and health No equivalent section in SW-846 Methods 
and training 

Section 5.0 A1212aratus and Materials Section 4.0 A1212aratus and Materials . Refers directly and only to SW-846 
Methods listed in Table 1 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7040, 7080A, 7090, 7130, 7190, 7420, 7520, 7760A, 7840, 
7910, AND 7950 AND METHODS MANUAL PROCEDURE 650.1 

Methods Manual Procedure 650.1 Section Corresponding SW-846 Methods Section Comments 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 7.0 Sam(!le Collection, Preservation and Section 6.0 Sam(!le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Nine for collection of samples from containers of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP reagents for sampling. . Allows for both glass and plastic . Section 6.0 of the QAPP incorporates 

containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846 Chapter Nine 
analyzed as soon as possible 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7040, 7080A, 7090, 7130, 7190, 7420, 7520, 7760A, 7840, 
7910, AND 7950 AND METHODS MANUAL PROCEDURE 650.1 

Methods Manual Procedure 650.1 Section Corresponding SW-846 Methods Section Comments 

Section 8.0 Procedure Section 7 .0 Procedure . Calibration requirements in Procedure . Procedure 610.1 of the Methods Manual . Subsection 7.1 addresses sample 650.1 are the same as found in SW-846 
must be followed preparation, Section 5.0 addresses Method 7000A. . Procedure 620.1 of the Methods Manual standard preparation Section 7.0 . Procedure 650.1 requires 3 standards in 
may be used if cleanup is required addresses analysis the initial calibration; Method 7000A . Refers directly to SW-846 Methods . Calibration criteria are provided in SW- requires a minimum of three standards . 
listed in Table 1 for analytical steps 846 Method 7000A Subsections 
except for silver which refers to Section . Serial dilution and post-digestion spike 
7.4 through 7.6 of SW-846 Method criteria are provided in SW-846 Method 
7760A 7000A Subsection 8.6 . Use of proven matrix modifiers other 
than those specified in SW-846 is 
acceptable . All calibration requirements are 
summarized in Table 3 

Section 9.0 Calculations Subsection 7 .4 . Allows for reading analyte concentration . Subsection 7.4 in SW-846 Method 
from calibration curve or directly from 7000A addresses concentration 
instrument readout determination calculations including . Requires sample dilution taken into sample dilution calculations 
account . Specifies results reported in mg/kg wet 
weight basis . Provides for conversion to mg/kg dry 
weight 
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WIPP RCRA Part B Pennit Application 
DOEJVVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7040, 7080A, 7090, 7130, 7190, 7420, 7520, 7760A, 7840, 
7910, AND 7950 AND METHODS MANUAL PROCEDURE 650.1 

Methods Manual Procedure 650.1 Section Corresponding SW-846 Methods Section Comments 

Section 10.0 Qualit:r: Control Section 8.0 Quali!lt'. Control . Procedure 650.1 quality control . Refers to Subsection 8.6 and 8.7 of SW- . Refers to SW-846 Method 7000A requirements meet or exceed SW-846 
846 Method 7000A and requires that all Section 8.0 Methods quality control requirements 
quality control requirements are . SW-846 Method 7000A Section 8.0 . Procedure 650.1 provides a better 
mandatory recommends quality control data be defined quality control program than the . Requires fonnal quality control program maintained and available for easy SW-846 Methods . Requires demonstration of acceptable reference or inspection 
performance prior to analyzing program . SW-846 Chapter One includes equations 
samples for calculating precision, accuracy, and . Specifies equations for calculating method detection limit 
analytical precision, accuracy, . Method perfonnance samples not 
instrument detection limit, and percent addressed, however SW-846 Chapter 
recovery for quality control samples One requires demonstration of method . Method perfonnance samples must be perfonnance prior to field sample 
run initially and semiannually, analysis 
acceptance criteria are Table 2 QAOs . Method blanks required once per batch . Laboratory blanks must be run once per per SW-846 Chapter One, various 
batch, acceptance criteria is :S 3 x IDL acceptance criteria recommeded . Matrix spikes must be run once per . Matrix spikes required once per batch in 
batch, acceptance criteria is 80-120 %R SW-846 Method 7000A Section 8.0, . Matrix spike duplicates must be run acceptance criteria not addressed 
once per batch, acceptance criteria are . Matrix spike duplicates required once 
:S30 RPO and 80-120 o/oR per batch in SW-846 Method 7000A . Laboratory control samples must be run Section 8.0, acceptance criteria not 
once per batch, acceptance criteria is addressed 
80-120 %R . Laboratory control samples (reference . Blind audit samples are distributed, standard) required once per batch in 
analyzed and reported as part of the SW-846 Method 7000A Section 8 0, 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7040, 7080A, 7090, 7130, 7190, 7420, 7520, 7760A, 7840, 
7910, AND 7950 AND METHODS MANUAL PROCEDURE 650.1 

Methods Manual Procedure 650.1 Section Corresponding SW-846 Methods Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Methods 7000A, 7040, 
Plan for the Analysis of Solidified 7080, 7090,7130, 7190, 7420, 7520, 
Wastes for the Transuranic Waste 7760A, 7840, 7910, and 7950 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7041, 7081, 7091,7131A,7191,7421, 7761, 7841, 7911, AND 
7951 AND METHODS MANUAL PROCEDURE 650.2 

Methods Manual Procedure 650.2 Section Corresponding SW-846 Methods Section Comments 

Section 1.0 Sco12e and AQQlication Section 1.0 ScoQe and AQQlication . Each individual method refers to SW-. Program analyte list and quality . SW-846 Method 7000A, Table 1 analyte 846 Method 7000A for general 
assurance objectives (QAOs) included list requirements. However each method 
as Table 2 (Nickel is listed as an analyte . SW-846 does not list a GFAA method for a specific analyte may have 
for analysis by GFAA) for nickel additional requirements unique to the . Refers directly to SW-846 Methods . Batch not to exceed 20 samples as per analyte 
listed in Table 1 and 7000A SW-846 Chapter One . Program QAOs are derived based on . Requires samples to be analyzed in SW-846 Methods (precision and 
batches not to exceed 20 samples accuracy) and regulatory requirements 

(PRDL and PRQL) . Table 1 in Procedure 650.2 will be 
revised to reflect the correct SW-846 
method numbers . Analyte list for Procedure 650.2 will be 
revised to exclude nickel 

Section 2.0 Summart of Procedure Section 2.0 Summart of Method . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Methods 
and training 
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WIPP RCRA Part B Pennit Application 
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Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7041, 7081, 7091, 7131A, 7191, 7421, 7761, 7841, 7911, 
AND 7951 AND METHODS MANUAL PROCEDURE 650.2 

Methods Manual Procedure 650.2 Section Corresponding SW-846 Methods Section Comments 

Section 5.0 A1212aratus and Materials Section 4.0 A1212aratus and Materials . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 7.0 Sam12le Collection, Preservation and Section 6.0 Sam12le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Nine for collection of samples from containers of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP reagents for sampling. . Allows for both glass and plastic . Section 6.0 of the QAPP incorporates 

containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846 Chapter Nine 
analyzed as soon as possible 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7041, 7081, 7091, 7131A, 7191, 7421, 7761, 7841, 7911, 
AND 7951 AND METHODS MANUAL PROCEDURE 650.2 

Methods Manual Procedure 650.2 Section Corresponding SW-846 Methods Section Comments 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Procedure 610.1 of the Methods Manual . Subsection 7 .1 addresses sample 650.1 are the same as found in SW-846 
must be followed preparation, Section 5.0 addresses Method 7000A. 

• Procedure 620.1 of the Methods Manual standard preparation Section 7.0 . Procedure 650.1 requires 3 standards in 
may be used if cleanup is required addresses analysis the initial calibration; Method 7000A . Refers directly to SW-846 Methods . Calibration criteria are provided in SW- requires a minimum of three standards. 
listed in Table 1 for analytical steps 846 Method 7000A Subsections 
except for arsenic, selenium, and silver . Serial dilution and post-digestion spike 
which refer to Sections of SW-846 criteria are provided in SW-846 Method 
Methods 7061, 77 41, and 7761 7000A Subsection 8.6 
respectively . Use of proven matrix modifiers other 
than those specified in SW-846 is 
acceptable . All calibration requirements are 
summarized in Table 3 

Section 9.0 Calculations Subsection 7.4 . Allows for reading analyte concentration . Subsection 7 .4 in SW-846 Method 
from calibration curve or directly from 7000A addresses concentration 
instrument readout determination calculations including . Requires sample dilution taken into sample dilution calculations 
account . Specifies results reported in mg/kg wet 
weight basis . Provides for conversion to mg/kg dry 
weight 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHODS 7000A, 7041, 7081, 7091, 7131A, 7191, 7421, 7761, 7841, 7911, 
AND 7951 AND METHODS MANUAL PROCEDURE 650.2 

Methods Manual Procedure 650.2 Section Corresponding SW-846 Methods Section Comments 

Section 10.0 Quali!Y Control Section 8.0 Quali!Y Control . Procedure 650.2 quality control . Refers to Subsection 8.6 and 8.7 of SW- . Refers to SW-846 Method 7000A requirements meet or exceed SW-846 
846 Method 7000A and requires that all Section 8.0 Methods quality control requirements 
quality control requirements are . SW-846 Method 7000A Section 8.0 . Procedure 650.2 provides a better 
mandatory recommends quality control data be defined quality control program than . Requires formal quality control program maintained and available for easy SW-846 Methods . Requires demonstration of acceptable reference or inspection 
performance prior to analyzing program . SW-846 Chapter One includes equations 
samples for calculating precision, accuracy, and . Specifies equations for calculating method detection limit 
analytical precision, accuracy, . Method performance samples not 
instrument detection limit, and percent addressed, however SW-846 Chapter 
recovery for quality control samples One requires demonstration of method . Method performance samples must be performance prior to field sample 
run initially and semiannually, analysis 
acceptance criteria are Table 2 QAOs . Method blanks required once per batch . Laboratory blanks must be run once per per SW-846 Chapter One, various 
batch, acceptance criteria are :S 3 x IDL acceptance criteria recommended . Matrix spikes must be run once per . Matrix spikes required once per batch in 
batch, acceptance criteria are 80-120 SW-846 Method 7000A Section 8.0, 
o/oR acceptance criteria not addressed . Matrix spike duplicates must be run . Matrix spike duplicates required once 
once per batch, acceptance criteria are per batch in SW-846 Method 7000A 
:S 30 RPO and 80-120 o/oR Section 8.0, acceptance criteria not . Laboratory control samples must be run addressed 
once per batch, acceptance criteria are . Laboratory control samples (reference 
80-120 %R standard) required once per batch in . Blind audit samples are distributed, SW-846 Method 7000A Section 8.0, 
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WIPP RCRA Part B Permit Application 
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COMPARISON OF SW-846 METHODS 7000A, 7041, 7081, 7091, 7131A, 7191, 7421, 7761, 7841, 7911, 
AND 7951 AND METHODS MANUAL PROCEDURE 650.2 

Methods Manual Procedure 650.2 Section Corresponding SW-846 Methods Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Methods listed in Table 1 

Section 12.0 References Section 10.0 References . Petfo1TT1ance Demonstration Program . See SW-846 Methods 7000A, 7041, 
Plan for the Analysis of Solidified 7081, 7091, 7131A, 7191, 7421, 7761, 
Wastes for the Transuranic Waste 7841, 7911, and 7951 
Characterization Program {DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan {DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 {EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7471A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.3 Section Corresponding SW-846 Method 7471A Section Comments 

Section 1.0 ScoQe and AQQlication Section 1.0 ScoQe and AQQlication . Program QAOs are derived based on . Program quality assurance objectives . Method 7471A is approved for SW-846 Method 7471A (precision and 
(QAOs) for mercury included as Table 1 measuring total mercury accuracy) and regulatory requirements . Refers directly to SW-846 Methods . Batch not to exceed 20 samples as per (PRDL and PRQL) 
7471A and 7000A SW-846 Chapter One . Requires samples to be analyzed in 
batches not lo exceed 20 samples 

Section 2.0 Summa!}'. of Procedure Section 2.0 Summa!}'. of Method . Refers directly and only to SW-846 
Method 7471A 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 7471A 

Section 4.0 Safety . Responsibilities for safety and health No equivalen1 section in SW-846 Method 7471A 
and training 

Section 5.0 AQQaratus and Materials Section 4.0 AQQaratus and Materials . Refers directly and only to SW-846 
Method 7471A 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 7471A 
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WIPP RCRA Part B Pennit Application 
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COMPARISON OF SW-846 METHOD 7471A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.3 Section Corresponding SW-846 Method 7471A Section Comments 

Section 7.0 Sam(;!le Collection, Preservation and Section 6.0 Sam(;!le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter ~ine for collection of samples from containers _of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP reagents for sampling. . Allows for both glass and plastic . Section 6 O of the QAPP incorporates 

containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846 Chapter Nine 
analyzed as soon as possible 

Section 8.0 Procedure Section 7.0 Procedure . Cahbrabon requirements in Procedure . Refers directly and only to SW-846 . Subsections 7.1 through 7.4 address 650.3 are the same as found in SW-846 
Method 7471A for sample and standard sample and standard preparation and Method 7000A. 
preparation and analysis analysis . Procedure 650.3 requires 5 standards in . Allows for use of fluorescence detection . Calibration criteria are provided in SW- the initial calibration; SW-846 Method 
instead of al:>sorption as long as all other 846 Method 7000A Subsections 8.2 and 7000A requires a minimum of three 
method requirements are met 8.3 standards. . All calibration requirements are . Serial dilution and post-digestion spike 
summarized in Table 2 criteria are provided in SW-846 Method 

7000A Subsection 8.6 
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WIPP RCRA Part B Permit Application 
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COMPARISON OF SW-846 METHOD 7471A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.3 Section Corresponding SW-846 Method 7471A Section Comments 

Section 9.0 Calculations Subsections 7.5 and 7.6 . Allows for reading mercury concentration . Subsections 7.5 and 7.6 address 
from calibration curve or directly from constructing a calibration curve and 
instrument readout determining mercury concentration . Requires sample dilution taken into . Subsection 7.6 requires sample dilution 
account taken into account and concentrations . Specifies results reported in mg/kg wet appropriately qualified (e.g., dry weight) 
weight basis . Provides for conversion to mglkg dry 
weight 
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WIPP RCRA Part B Permit Application 
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Revision 5.2 

COMPARISON OF SW-846 METHOD 7471A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.3 Section Corresponding SW-846 Method 7471A Section Comments 

Section 10.0 Quali!i'. Control Section 8.0 Quali!i'. Control . Procedure 650.3 quality control . Refers to Subsections 8.5, 8.6, and 8.7 . Refers to SW-846 Method 7000 Section requirement meet or exceed SW-846 
of SW-846 Method 7000A 8.0 7471A quality control requirements . Requires formal quality control program . SW-846 Method 7000 Section 8.0 . Procedure 650.3 provides a better . Requires demonstration of acceptable recommends quality control data be defined quality control program than 
performance prior to analyzing program maintained and available for easy SW-846 Method 7471A 
samples reference or inspection . Specifies equations for calculating . SW-846 Chapter One includes equations 
analytical precision, accuracy, for calculating precision, accuracy, and 
instrument detection limit, and percent method detection limit 
recovery for quality control samples . Method performance samples not . Method performance samples must be addressed, however SW-846 Chapter 
run initially and semiannually, One requires demonstration of method 
acceptance criteria are Table 1 QAOs performance prior to field analysis . Laboratory blanks must be run once per . Method blanks required once per batch 
batch, acceptance criterion is s3 x IDL per SW-846 Chapter One, various . Matrix spikes must be run once per acceptance criteria recommended 
batch, acceptance criterion is 80-120 . Matrix spikes required once per batch in 
%R SW-846 Method 7000 Subsection 8.4, . Matrix spike duplicates must be run acceptance criteria not addressed 
once per batch, acceptance criteria are . Matrix spike duplicates required once 
s 30 RPD and 80-120 %R per batch in SW-846 Method 7000 . Laboratory control samples must be run Subsection 8.4, acceptance criteria not 
once per batch, acceptance criterion is addressed 
80-120 %R . Laboratory control samples required . Blind audit samples are distributed, once per batch in SW-846 Method 7000 
analyzed and reported as part of the Subsection 8.4, acceptance criteria not 
DOE Performance Demonstration addressed 
Program 
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WIPP RCRA Part B Permit Application 
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COMPARISON OF SW-846 METHOD 7471A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.3 Section Corresponding SW-846 Method 7471A Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 7471A 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 7471A 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7061A AND METHODS MANUAL PROCEDURE 650.4 

Methods Manual Procedure 650.4 Section Corresponding SW-846 Method 7061A Section Comments 

Section 1.0 Sco12e and A1212lication Section 1.0 Sco12e and A1212lication . Program QAOs are derived based on . Program quality assurance objectives . Method 7061A is approved for SW-846 Method 7061A (precision and 
(QAOs) for arsenic included as Table 1 determining the concentration of arsenic accuracy) and regulatory requirements 

• Refers directly to SW-846 Methods in waste (PRDL and PRQL) 
7061A and 7000A . Batch not to exceed 20 samples as per . Requires samples to be analyzed in SW-846 Chapter One 
batches not to exceed 20 samples 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa[Y of Method . Refers directly and only to SW-846 
Method 7061A 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 7061A 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 7061A 
and training 

Section 5.0 A1212aratus and Materials Section 4.0 A1212aratus and Materials . Refers directly and only to SW-846 
Method 7061A 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 7061 A 
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TABLE C12-13 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7061A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.4 Section Corresponding SW-846 Method 7061A Section Comments 

Section 7.0 Sam12le Collection, Preservation and Section 6.0 Sam12le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Nine for collection of samples from containers of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP reagents for sampling. . Allows for both glass and plastic . Section 6.0 of the QAPP incorporates 

containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846, Chapter Nine 
analyzed as soon as possible 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Refers directly and only to SW-846 . Provides sample and standard 650.4 are the same as found in SW-846 
Method 7061 A for procedural preparation and analytical procedures Method 7000A. 
requirements . Calibration criteria are provided in SW- . Procedure 650.4 requires 5 standards in . All calibration requirements are 846 Method 7000A Subsections 8.2 and the initial calibration; SW-846 Method 
summarized in Table 2 8.3 7000A requires a minimum of three . Serial dilution and post-digestion spike standards . 

criteria are provided in SW-846 Method 
7000A Subsection 8.6 
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TABLE C12-13 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7061A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.4 Section Corresponding SW-846 Method 7061A Section Comments 

Section 9.0 Calculations . SW-846 Method 7061A does not . Allows for reading arsenic concentration address determining the concentration of 
from calibration curve or directly from arsenic 
instrument readout . SW-846 Method 7000A Subsection 7.4 . Requires sample dilution taken into addresses determining metal 
account concentration . Specifies results reported in mg/kg wet 
weight basis . Provides for conversion to mg/kg dry 
weight 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7061A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.4 Section Corresponding SW-846 Method 7061A Section Comments 

Section 10.0 Qualirt'. Control Section 8.0 Qualirt'. Control . Procedure 650.4 quality control . Refers to SW-846 Method 7000A . Refers to SW-846 Method 7000 Section requirements meet or exceed SW-846 
Subsections 8.5, 8.6, and 8.7 8.0 Method 7061A quality control . Requires formal quality control program . SW-846 Method 7000 Section 8.0 requirements . Requires demonstration of acceptable recommends quality control data be . Procedure 650.4 provides a better 
performance prior to analyzing program maintained and available for easy defined quality control program than 
samples reference or inspection SW-846 Method 7061A . Specifies equations for calculating . SW-846 Chapter One includes equations 
analytical precision, accuracy, for calculating precision, accuracy, and 
instrument detection limit, and percent method detection limit 
recovery for quality control samples . Method performance samples not . Method performance samples must be addressed, however, SW-846 Chapter 
run initially and semiannually, One requires demonstration of method 
acceptance criteria are Table 1 QAOs performance prior to field analysis . Laboratory blanks must be run once per . Method blanks required once per batch 
batch, acceptance criterion is s 3 x IDL per SW-846 Chapter One, various . Matrix spikes must be run once per acceptance criteria recommended 
batch, acceptance criterion is 80-120 . Matrix spikes required once per batch in 
%R SW-846 Method 7000 Subsection 8.4, . Matrix spike duplicates must be run acceptance criteria not addressed 
once per batch, acceptance criteria are . Matrix spike duplicates required once 
s 30 RPO and 80-120 %R per batch in SW-846 Method 7000 . Laboratory control samples must be run Subsection 8.4, acceptance criteria not 
once per batch, acceptance criterion is addressed 
80-120 %R . Laboratory control samples required . Blind audit samples are distributed, once per batch in SW-846 Method 7000 
analyzed and reported as part of the Subsection 8.4, acceptance criteria not 
DOE Performance Demonstration addressed 
Program 
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TABLE C12-13 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7061A AND METHODS MANUAL PROCEDURE 650.3 

Methods Manual Procedure 650.4 Section Corresponding SW-846 Method 7061A Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 7061A 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 7061A 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7062 AND METHODS MANUAL PROCEDURE 650.5 

Methods Manual Procedure 650.5 Section Corresponding SW-846 Method 7062 Section Comments 

Section 1.0 Sco12e and AQQlication Section 1.0 Sco12e and AQQlication . Program QAOs are derived based on . Program quality assurance objectives . Method 7062 is approved for SW-846 Method 7062 (precision and 
(QAOs) for antimony and arsenic determining 1 µg/L to 400 µg/L of accuracy) and regulatory requirements 
included as Table 1 antimony and arsenic in waste (PRDL and PRQL) . Refers directly to SW-846 Methods 7062 . Batch not to exceed 20 samples as per 
and 7000A SW-846 Chapter One . Requires samples to be analyzed in 
batches not to exceed 20 samples 

Section 2.0 Summart of Procedure Section 2.0 Summart of Method . SW-846 Method 3051 is provided as an . Refers directly to SW-846 Method 7062 . Refers to SW-846 Method 3050 for alternative to Method 3050 . Requires sample preparation according digestion . Procedure 610.1 is based on SW-846 
to Methods Manual Procedure 610.1 Method 3051 (see Table C-12-6) 
before evaporating the samples to near 
dryness at the end of the digestion 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 7062 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 7062 
and training 

Section 5.0 A1212aratus and Materials Section 4.0 A1212aratus and Materials . Refers directly and only to SW-846 
Method 7062 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7062 AND METHODS MANUAL PROCEDURE 650.5 

Methods Manual Procedure 650.5 Section Corresponding SW-846 Method 7062 Section Comments 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 7062 

Section 7 .0 Sam~le Collection, Preservation and Section 6.0 Sam~le Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Nine for collection of samples from containers of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling . Procedure 120.1 refers to 
custody according to Section 6.0 of the prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP reagents for sampling. . Allows for both glass and plastic . Section 6.0 of the QAPP incorporates 

containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846, Chapter Nine 
analyzed as soon as possible 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Refers directly and only to SW-846 . Provides analytical procedures 650.5 are the same as found in SW-846 
Method 7062 for procedural . Calibration criteria are provided in SW- Method 7000A. 
requirements 846 Method 7000A Subsections 8.2 and . Procedure 650.5 requires 5 standards in . All calibration requirements are 8.3 the initial calibration; Method 7000A 
summarized in Table 2 . Serial dilution and post-digestion spike requires a minimum of three standards . 

criteria are provided in SW-846 Method 
7000A Subsection 8.6 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7062 AND METHODS MANUAL PROCEDURE 650.5 

Methods Manual Procedure 650.5 Section Corresponding SW-846 Method 7062 Section Comments 

Section 9.0 Calculations Subsections 7.6 and 7.7 . Allows for reading antimony and arsenic . Addresses reading the concentration of 
concentration from calibration curve or antimony and arsenic from the 
directly from instrument readout calibration curve and using method of . Requires sample dilution taken into standard additions 
account . Specifies results reported in mg/kg wet 
weight basis . Provides for conversion to mg/kg dry 
weight 
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WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7062 AND METHODS MANUAL PROCEDURE 650.5 

Methods Manual Procedure 650.5 Section Corresponding SW-846 Method 7062 Section Comments 

Section 10.0 Quali~ Control Section 8.0 Quali~ Control . Procedure 650.5 quality control . Refers to SW-846 Method 7000A . Refers to SW-846 Method 7000 Section requirements meet or exceed SW-846 
Subsections 8.5, 8.6, and 8.7 8.0 Method 7062 quality control . Requires formal quality control program . SW-846 Method 7000 Section 8.0 requirements . Requires demonstration of acceptable recommends quality control data be . Procedure 650.5 provides a better 
performance prior to analyzing program maintained and available for easy defined quality control program than 
samples reference or inspection SW-846 Method 7062 . Specifies equations for calculating . SW-846 Chapter One includes equations 
analytical precision, accuracy, for calculating precision, accuracy, and 
instrument detection limit, and percent method detection limit 
recovery for quality control samples . Method performance samples not . Method performance samples must be addressed, however SW-846 Chapter 
run initially and semiannually, One requires demonstration of method 
acceptance criteria are Table 1 QAOs performance prior to field analysis . Laboratory blanks must be run once per . Method blanks required once per batch 
batch, acceptance criterion is :S 3 x IDL per SW-846 Chapter One, various . Matrix spikes must be run once per acceptance criteria recommended 
batch, acceptance criterion is 80-120 . Matrix spikes required once per batch in 
o/oR SW-846 Method 7000 Subsection 8 4. . Matrix spike duplicates must be run acceptance criteria not addressed 
once per batch, acceptance criteria are . Matrix spike duplicates required once 
:S 30 RPD and 80-120 o/oR per batch in SW-846 Method 7000 . Laboratory control samples must be run Subsection 8.4, acceptance criteria not 
once per batch, acceptance criterion is addressed 
80-120 o/oR . Laboratory control samples required . Blind audit samples are distributed, once per batch in SW-846 Method 7000 
analyzed and reported as part of the Subsection 8.4, acceptance criteria not 
DOE Performance Demonstration addressed 
Program . Blind audit samples not addressed, 
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TABLE C12-14 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7062 AND METHODS MANUAL PROCEDURE 650.5 

Methods Manual Procedure 650.5 Section Corresponding SW-846 Method 7062 Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 7062 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 7062 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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TABLE C12-15 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7741A AND METHODS MANUAL PROCEDURE 650.6 

Methods Manual Procedure 650.6 Section Corresponding SW-846 Method 7741A Section Comments 

Section 1.0 Scoge and Agglication Section 1.0 Scoge and Agglication . Program QAOs are derived based on . Program quality assurance objectives . Method 7741A is approved for SW-846 Method 7741A (precision and 
(QAOs) for selenium included as Table 1 determining the concentration of accuracy) and regulatory requirements . Refers directly to SW-846 Methods selenium in waste (PRDL and PRQL) 
7741A and 7000A . Batch not to exceed 20 samples as per . Requires samples to be analyzed in SW-846 Chapter One 
batches not to exceed 20 samples 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . Refers directly and only to SW-846 
Method 7741A 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 77 41 A 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 77 41 A 
and training 

Section 5.0 Aggaratus and Materials Section 4.0 Aggaratus and Materials . Refers directly and only to SW-846 
Method 7741A 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 77 41 A 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7741A AND METHODS MANUAL PROCEDURE 650.6 

Methods Manual Procedure 650.6 Section Corresponding SW-846 Method 7741A Section Comments 

Section 7.0 SamQle Collection, Preservation and Section 6.0 SamQle Collection, Preservation and . Procedure 120.1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Nine for collection of samples from containers of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP reagents for sampling. . Allows for both glass and plastic . Section 6.0 of the QAPP incorporates 

containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846, Chapter Nine 
analyzed as soon as possible 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Refers directly and only to SW-846 . Provides sample and standard 650.6 are the same as found in SW-846 
Method 7741A for procedural preparation and analytical procedures Method 7000A. 
requirements . Calibration criteria are provided in SW- . Procedure 650.6 requires 5 standards in . All calibration requirements are 846 r..:ethod 7000A Subsections 8.2 and the initial calibration; SW-846 Method 
summarized in Table 2 8.3 7000A requires a minimum of three . Serial dilution and post-digestion spike standards . 

criteria are provided in SW-846 Method 
7000A Subsection 8.6 
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WIPP RCRA Part B Permit Application 
DOEANIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7741A AND METHODS MANUAL PROCEDURE 650.6 

Methods Manual Procedure 650.6 Section Corresponding SW-846 Method 7741A Section Comments 

Section 9.0 Calculations . SW-846 Method 7741A does not . Allows for reading selenium address determining the concentration of 
concentration from calibration curve or selenium 
directly from instrument readout . SW-846 Method 7000A Subsection 7.4 . Requires sample dilution taken into addresses determining metal 
account concentration . Specifies results reported in mg/kg wet 
weight basis . Provides for conversion to mg/kg dry 
weight 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7741A AND METHODS MANUAL PROCEDURE 650.6 

Methods Manual Procedure 650.6 Section Corresponding SW-846 Method 7741A Section Comments 

Section 10.0 Quali!Y Control Section 8.0 Quali!Y Control . Procedure 650.6 quality control . Refers to SW-846 Method 7000A . Refers to SW-846 Method 7000 Section requirements meet or exceed SW-846 
Subsections 8.5, 8.6, and 8.7 8.0 Method 77 41 A quality control . Requires formal quality control program . SW-846 Method 7000 Section 8.0 requirements . Requires demonstration of acceptable recommends quality control data be . Procedure 650.6 provides a better 
performance prior to analyzing program maintained and available for easy defined quality control program than 
samples reference or inspection SW-846 Method 77 41 A . Specifies equations for calculating . SW-846 Chapter One includes equations 
analytical precision, accuracy, for calculating precision, accuracy, and 
instrument detection limit, and percent method detection limit 
recovery for quality control samples . Method performance samples not . Method performance samples must be addressed, however SW-846 Chapter 
run initially and semiannually, One requires demonstration of method 
acceptance criteria are Table 1 QAOs performance prior to field analysis . Laboratory blanks must be run once per . Method blanks required once per batch 
batch, acceptance criterion is :S 3 x IDL per SW-846 Chapter One, various . Matrix spikes must be run once per acceptance criteria recommended 
batch, acceptance criterion is 80-120 . Matrix spikes required once per batch in 
%R SW-846 Method 7000 Subsection 8.4, . Matrix spike duplicates must be run acceptance criteria not addressed 
once per batch, acceptance criteria are . Matrix spike duplicates required once 
:S 30 RPO and 80- 120 %R per batch in SW-846 Method 7000 . Laboratory control samples must be run Subsection 8.4, acceptance criteria not 
once per batch, acceptance criterion is addressed 
80-120 %R . Laboratory control samples required . Blind audit samples are distributed, once per batch in SW-846 Method 7000 
analyzed and reported as part of the Subsection 8.4, acceptance criteria not 
DOE Performance Demonstration addressed 
Proa ram 
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WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7741A AND METHODS MANUAL PROCEDURE 650.6 

Methods Manual Procedure 650.6 Section Corresponding SW-846 Method 7741A Section Comments 

Section 11.0 Procedure Performance Section 9.0 Method Performance . Refers directly and only to SW-846 
Method 7741A 

Section 12.0 References Section 10.0 References . Performance Demonstration Program . See SW-846 Method 7741A 
Plan for the Analysis of Solidified 
Wastes for the Transuranic Waste 
Characterization Program (DOE 1995a) . Transuranic Waste Characterization 
Quality Assurance Program Plan (DOE 
1995b) . Test Methods for Evaluating Solid 
Waste, PhysicaVChemical Methods, 
SW-846 (EPA 1995) 
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TABLE C12-16 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7742 AND METHODS MANUAL PROCEDURE 650.7 

Methods Manual Procedure 650.7 Section Corresponding SW-846 Method 7742 Section Comments 

Section 1.0 ScoQe and AQQlication Section 1.0 Sco12e and AQ12lication . Program QAOs are derived based on . Program quality assurance objectives . Method 7742 is approved for SW-846 Method 77 42 (precision and 
(QAOs) for selenium included as Table 1 determining 3 µg/L to 750 µg/L of accuracy) and regulatory requirements . Refers directly to SW-846 Methods 77 42 selenium in waste (PRDL and PRQL) 
and 7000A . Batch not to exceed 20 samples as per . Requires samples to be analyzed in SW-846 Chapter One 
batches not to exceed 20 samples 

Section 2.0 Summa!Y of Procedure Section 2.0 Summa!Y of Method . SW-846 Method 3051 is provided as an . Refers directly to SW-846 Method 77 42 . Refers to SW-846 Method 3050 for alternative to Method 3050 . Requires sample preparation according digestion . Procedure 610.1 is based on SW-846 
to Methods Manual Procedure 610.1 Method 3051 (see Table C-12-6) 
before evaporating the samples to near 
dryness at the end of the digestion 

Section 3.0 Interferences Section 3.0 Interferences . Refers directly and only to SW-846 
Method 7742 

Section 4.0 Safety . Responsibilities for safety and health No equivalent section in SW-846 Method 7742 
and training 

Section 5.0 AQQaratus and Materials Section 4.0 AQQaratus and Materials . Refers directly and only to SW-846 
Method 7742 

Section 6.0 Reagents Section 5.0 Reagents . Refers directly and only to SW-846 
Method 7742 
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WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7742 AND METHODS MANUAL PROCEDURE 650.7 

Methods Manual Procedure 650.7 Section Corresponding SW-846 Method 7742 Section Comments 

Section 7.0 Sam12le Collection, Preservation and Section 6.0 Sam12le Collection, Preservation and . Procedure 120 .1 is a program specific 
Handling Handling procedure developed specifically for the . Requires sample collection according to . Refers to SW-846 Chapter Nine for collection of samples from containers of 

Methods Manual Procedure 120.1 sampling plan considerations TRU waste through coring and . Requires sample handling and chain-of- . Requires all sample containers subsampling. Procedure 120.1 refers to 
custody according to Section 6.0 of the I prewashed with detergents, acids, and SW-846 for guidance and requirements 
QAPP I reagents for sampling. 

' . Allows for both glass and plastic . Section 6.0 of the QAPP incorporates 
containers applicable sample handling and . Requires nonaqueous samples to be preservation requirements for samples 
refrigerated (when possible) and included in SW-846, Chapter Nine 
analyzed as soon as possible 

Section 8.0 Procedure Section 7.0 Procedure . Calibration requirements in Procedure . Refers directly and only to SW-846 . Provides analytical procedures 650.7 are the same as found in SW-846 
Method 7742 for procedural . Calibration criteria are provided in SW- Method 7000A . 
requirements 846 Method 7000A Subsections 8.2 and . Procedure 650.7 requires 5 standards in . All calibration requirements are 8.3 the initial calibration; Method 7000A 
summarized in Table 2 . Serial dilution and post-digestion spike requires a minimum of three standards . 

criteria are provided in SW-846 Method 
7000A Subsection 8.6 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

COMPARISON OF SW-846 METHOD 7742 AND METHODS MANUAL PROCEDURE 650.7 

Methods. Manual Procedure 650. 7 Section Corresponding SW-846 Method 7742 Section Comments 

Section 9.0 Calculations Subsections 7.6 and 7.7 . Allows for reading selenium . Addresses reading the concentration of 
concentration from calibration curve or selenium from the calibrf!tion curve and 
directly from instrument readout using method of standard additions . Requires sample dilution taken into 
account . Specifies results reported in mg/kg wet 
weight basis . Provides for conversion to mg/kg dry 
weight 
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WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY AND PROCESS INFORMATION 

CHAPTER D 

GENERAL COMMENTS 

1 . The permit application does not provide a consistent or adequate description of the size of 
the Waste Handling Building (WHB) Hazardous Waste Management Unit (HWMU) as 
required by 20 NMAC 4.1, Subpart IX, §270.14(b)(1) and (19). Revise the permit application 
to address the following: 

A. Page D-4 (lines 8 and 9) of the permit application states that the surface HWMU will 
consist of the portion of the WHB where contact-handled (CH) and remote-handled (RH) 
TRU mixed waste containers will be routinely handled prior to emplacement, and 
references Figure D-2 to show the WHB HWMU. However, the boundary of the WHB 
HWMU shown on Figure D-2 does not encompass a number of WHB waste container 
handling areas that are discussed in lines 11 through 26 of page D-4, such as the 
Overpack and Repair Room and CH Overpack enclosure, which will be used to overpack 
damaged or contaminated containers, and the "other areas" of the WHB (Shielded Room, 
etc.) that will be available, should off-normal events occur that interrupt the timely 
movement of TRU mixed waste into the underground. Revise Figure D-2 to include all 
areas of the WHB that will be used for management or storage of TRU mixed waste 
containers, except for short-term accumulation or storage for derived waste generated 
at the WIPP, within the shaded boundaries of the WHB HWMU. Based on DOE/WID 
comments at the November 9 meeting, NMED also seeks justification why the Overpack 
and Repair Room and CH Overpack will not be included in the WHB HWMU, especially 
if an off-normal event requires that a container be overpacked prior to emplacement or 
return to the generator site. If there is a standard operating procedure which describes 
this contingency, include it in your response. 

RESPONSE 

A. The text has been revised to: 1) Address the container management units on the 
surface, and 2) remove the CH Overpack and Repair Room and the Site Derived Waste 
Room from the illustrations and discussions. These rooms are no longer needed for the 
following reasons: 

1) Small spot decontamination will occur at the TRUDOCK for contamination that is 
less than 6 square feet in area and/is less than 100 times the free release limit. The 
free release limit is defined by DOE Orders as alpha contamination less than 20 
disintegrations per minute and beta-gamma contamination less than 200 
disintegrations per minute. Overpacking would only occur in the event the WIPP staff 
damages an otherwise intact container during handling activities. In such a case, a 
radiological boundary will be established, inside which all activities are carefully 
controlled in accordance with the WIPP Radiation Control Manual protocols for the 
cleanup of spills or releases. A plan of recovery will be developed and executed, 
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including overpacking the damaged container in either an 85-gallon drum or a ten 
drum overpack. The overpacked container will be properly labeled and sent 
underground for disposal. The area will then be decontaminated and verified to be 
free of contamination using both radiological and hazardous waste sampling 
techniques (essentially, this is done with "swipes" of the surface for counting in 
sensitive radiation detection equipment or, if no radioactivity is present, by analysis for 
hazardous waste by an offsite laboratory). Under no circumstances will the overpack 
and repair room be used. Moving damaged containers around the Waste Handling 
Building will only exacerbate the contamination problems that would result from an 
accident. 

2) In the event a large area contamination is discovered on a TRUPACT II during 
unloading, the waste will be left in the TRUPACT II and the shipping container will be 
resealed. The DOE considers such contamination problems the responsibility of the 
shipping site. Therefore, the shipper will have several options for disposition. These 
are as follows: 

• The TRUPACT II can be returned to the shipper for decontamination and 
repackaging of the waste. Such waste would have to be re-approved prior to 
shipment to the WIPP. 

• Shipment to another DOE site for management in the event the original shipper 
does not have suitable facilities for decontamination. If the repairing site wishes 
to return the waste to WIPP, the site will have to have WAC certification authority 
and would have to re-certify the new shipment. 

• The waste could go to a third (non-DOE) party for decontamination. In such 
cases, the repaired shipment would go to the original shipper and be recertified 
prior to shipment to the WIPP. 

• Under some circumstances, it may be more cost effective to leave the waste in 
the TRUPACT II and to emplace the entire shipment in the underground. If 
contamination only involves the Inner Containment Vessel, it can be removed 
from the TRUPACT II and emplaced. In this case, the shipper would have to bear 
the replacement cost of the TRUPACT II. Since the DOE does not intend to 
routinely emplace TRUPACT-lls, they are not listed in the application as 
containers in Section D-1a(1). Such usage would be discussed with the NMED. 

For the purposes of the permit application, the DOE has provided for storage areas 
inside the WHB and on the parking lot south of the WHB that will accommodate 
normal operations and areas that are available for off-normal or emergency situations. 
Such off-normal situations would likely be equipment malfunctions that interrupt the 
normal movement of waste to the underground. The DOE's primary line of defense 
for off-normal situations that will lead to significant time delays in the waste 
management processes is to stop the shipment of waste from the generator site, 
thereby avoiding the accumulation of large backlogs of waste at the WIPP. 

***** 
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B. The boundary of the WHB HWMU shown on Figure D-2 does not encompass the 
entire floor area of the CH Bay and the RH Bay. However, the text of the permit 
application does not provide the rationale or justification for not including all of the 
floor area of the CH Bay and RH Bay within the HWMU. Revise the permit application 
to provide the justification for not including the entire floor area of the CH Bay and the 
RH Bay within the WHB HWMU. In addition, if the entire floor area of the CH Bay and 
RH Bay will not be used for the management of TRU mixed waste, then provide a 
description of the engineering controls (curbs, walls, fencing, painted lines etc.) and/or 
procedural controls that will be used to prevent waste management activities from 
occurring throughout the CH and RH Bays. 

RESPONSE 

B. The application has been changed to include the entire CH Bay (including the shielded 
storage room), the entire RH Bay, the Conveyance Loading Room, the Shaft Entry 
Room, the Facility Cask Loading Room, the Hot Cell, and the Cask Unloading room 
as the WHB container storage unit. 

***** 

2. The permit application does not provide an adequate' description of the maximum number 
of containers and the maximum volume of waste that will be managed in the WHB HWMU 
as required by 20 NMAC 4.1, Subpart V, §264, Subpart I. Revise the permit application to 
describe the maximum number of each type of CH and RH TRU mixed waste containers, 
and the maximum volume of waste, that will be managed in each part of the WHB HWMU 
at any one time (distinguishing between normal and contingency storage requirements). 
Also provide a scale drawing that shows the maximum number of containers which may be 
stored in the WHB while maintaining appropriate aisle space. 

RESPONSE 

2. The text has been revised as requested to show the maximum number of containers that 
will be stored in the WHB during normal operations. Areas that are available for contingency 
storage during off-normal events that may interrupt the normal flow of waste to the 
underground are discussed in terms of location and capacity. 

***** 

3. The permit application does not provide adequate information to demonstrate that all of the 
requirements of 20 NMAC 4.1, Subpart V, §264 Subpart I, for the use and management of 
containers, will be met. As noted in comments concerning Chapter A, the WHB HWMU will 
be permitted as a container storage area rather than a miscellaneous unit. Neither Section 
D-9a(3)(b) nor the referenced Appendix 03 drawings (41-F-087-014, 41-E-003-014, 41-E-
005-14) provide adequate information to demonstrate that the WHB HWMU is equipped with 
a secondary containment system in accordance with 20 NMAC 4.1, Subpart V, §264.175 
(b)(2), (3), and (5). Revise the permit application to provide the following information: 
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A. Information which demonstrates that the various rooms and areas of the WHB that will 
be used to manage CH and RH waste (the CH Bay, overpack and repair room, CH 
overpack enclosure, conveyance loading room, RH Bay, cask unloading room, Hot Cell, 
canister transfer cell, and the facility cask loading room) will provide a containment 
system whose base (both the floor and containment trenches) is sloped or otherwise 
designed and operated to drain and remove liquids resulting from leaks or spills (20 
NMAC 4.1, Subpart V, §264.175(b)(2)]. Alternatively, demonstrate that the containers will 
be elevated or protected from contact with the spilled material. 

RESPONSE 

A. Containers that have been removed from their shipping container and are being moved 
into the underground will be on pallets, in the facility cask, or will be suspended in racks 
in the hot cell. Consequently, they will always be off the floor. Containers that have not 
been removed from the shipping container do not need secondary containment beyond 
that provided by the shipping container itself. The floor, in all areas where wastes will 
be stored outside of shipping containers, is coated with an impermeable epoxy coating 
that will resist all compounds except for very strong oxidizing agents. This combination 
of pallets, racks, shipping containers, and epoxy coated floor meet the secondary 
containment requirements forthe quantities of waste that will routinely be managed at the 
WIPP facility. Should the need arise to store larger quantities of waste, due to off-normal 
conditions, the DOE can select from a number of options, including the use of temporary 
dikes, to assure secondary containment. These aspects are now included in the 
application. 

***** 

B. Information (including plan and cross sectional drawings) which demonstrate thAt the 
containment system for all of the rooms and areas of the WHB that will manage CH 
and RH waste has sufficient capacity to contain 10% of the maximum volume of waste 
to be stored in a room, or the volume of the largest container, whichever is greater (20 
NMAC 4.1, Subpart V, §264.175 (b)(3)]. 

RESPONSE 

B. A calculation, included in Section D-1a(1), demonstrates that the floors provide 
sufficient secondary containment for the quantities of waste that are routinely being 
handled at the WIPP facility. 

***** 

C. Information which demonstrates that spills or leaks will be removed from the sump or 
collection area of the secondary containment system in a timely manner to prevent 
overflow (20 NMAC 4.1, Subpart V, §264.175 (b)(5)]. 
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RESPONSE 

C. Information regarding the immediate cleanup of spills and releases is included in 
Section G-4i. 

***** 

4. The permit application does not provide an adequate description of the procedures that will 
be used to determine whether releases of hazardous constituents have occurred from the 
waste containers in the WHB, the procedures that will be used to decontaminate containers, 
equipment and/or structures or the procedures that will be used to demonstrate that 
decontamination is complete. The use of contamination surveys . and possible 
decontamination of TRUPACT ll's, road casks and railroad casks, waste containers, and 
canisters is discussed on pages D-14 (lines 35-43), D-15 (lines 6-11), D-17 (lines 3-7 and 
16-24 ). However, the permit application does not provide detailed information concerning 
how a release of hazardous constituents will be detected through visual means and/or during 
radiation surveys, how decontamination will be conducted, or an adequate reference to 
where the information is located within the permit application. Revise the permit application, 
or identify the appropriate reference, to provide the following information: 

A. A description of the criteria (both visual and radioactivity levels) that will be used to 
determine whether decontamination of a container, equipment, or structure will be 
required, and a detailed description of the procedures to be used to decontaminate 
containers equipment and structures. 

RESPONSE 

A. Information has been added to the application which explains that under normal 
operations, it is not expected that removable surface contamination on the shipping 
package or the waste containers will be in excess of the DO E's free release limits (i.e.; 
20 disintegrations per minute (dpm) alpha or 200 dpm beta/gamma). In such a case, 
no further action is needed. The shipping package and waste container will be 
handled through the normal process as described in the application. However, should 
the magnitude of contamination exceed the free release limits, yet still fall within the 
criteria for small area "spot" decontamination (i.e., less than or equal to 100 times the 
free release limit and less than or equal to six square feet), the decision will be made 
to decontaminate the shipping package or the waste container. In addition, if during 
the waste handling process at the WIPP, a waste container is breached, it will be 
overpacked or decontaminated as needed. Should WIPP structures or equipment 
become contaminated, waste handling operations in the affected area will be 
immediately suspended. 

All decontamination operations will be performed under the controlled conditions of a 
Radiological Work Permit and the standard operating procedures found in the 
Radiological Control Manual. Decontamination activities will use water and a non-ionic 
detergent so as to not generate any waste that cannot be considered derived waste. 
Items that are radiologically contaminated are also assumed to be contaminated with 
the hazardous wastes that are in the container involved in the spill or release. A 

5 



complete listing of these waste components can be obtained from the WIPP Waste 
Information System <Y'JVVIS) as described in Section C-Sb for the purpose of 
characterizing derived waste. 

***** 

B. A general sampling plan that describes the types of hazardous constituent samples, 
number of hazardous constituent samples per unit area, and analytical parameters that 
will be determined to demonstrate the effectiveness of decontamination and the 
criteria to be used to determine when the decontamination of hazardous constituent 
releases is complete. 

RESPONSE 

B. The text has been revised to state that it is assumed that the process of 
decontamination will remove the hazardous waste constituents along with the 
radioactive waste constituents. To provide verification of the effectiveness of the 
removal of hazardous waste constituents, once a sample of the contaminated surface 
is demonstrated to be radiologically clean, the "swipe" can be sent off for analysis for 
hazardous constituents. The use of these confirmation analyses is as follows: 

For waste containers, the analyses becomes documentation of the condition of 
the container at the time of emplacement. The presence of hazardous waste 
constituents on a container after decontamination will be at trace levels and will 
likely not be visible and will not pose a threat to human health or the environment. 
These containers will be placed in the underground without further action once the 
radiological contamination is removed unless there is visible evidence of 
hazardous waste spills or hazardous waste on the container and this 
contamination is considered likely to be released prior to emplacement in the 
underground. 

For area contamination, once the area is cleaned up and is shown to be 
radiologically clean, it will be sampled for the presence of hazardous waste 
residues. If the area is large, a sampling plan will be developed using the 
guidance in the WIPP Environmental Sampling Quality Assurance Project Plan. 
If the area is small, swipes will be used. If the results of analysis show that 
residual contamination remains, a decision will be made whether further cleaning 
will be beneficial or whether final clean up must be deferred until closure. For 
example, if hazardous constituents react with the floor coating and are essentially 
non removable without removing the coating, then clean up will be deferred until 
closure when the coatings will be stripped. In any case, appropriate notations will 
be entered into the operating record to assure proper consideration of formerly 
contaminated areas at the time of closure. Furthermore, measures such as 
covering, barricading, and/or placarding will be used to mark areas that remain 
contaminated. 

***** 
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5. Neither Section D-9a(2)(b) (pages D-17 and D-18) nor Section D-9a(3)(b) of the permit 
application provide an adequate description of the configuration of the WHB RH Bay, as 
required by 20 NMAC 4.1, Subpart IX, §270.14(b)(1) and (19). From Figure D-16 and 
Drawing No. 41-E-005-014, it appears that the Hot Cell is located above the cask unloading 
room and that the canister transfer room is below the floor level of the cask loading room. 
However, this is not completely clear from the text, figures or drawings included in the permit 
application. Revise the permit application to provide figures or drawings that show cross
sectional views of the RH side of the WHB. At a minimum, include both north-south oriented 
and east-west oriented cross-sections that show the entire RH Bay through both the cask 
unloading room and the facility cask loading room. 

RESPONSE 

5. Additional drawings have been added as requested. 

***** 

6. Neither Section D-9a(2)(b) or Section D-9a(3)(f) of the permit application provide an 
adequate description of the procedures to be used to emplace the CH and RH TRU mixed 
waste in the underground disposal rooms. In accordance with 20 NMAC 4.1, Subpart IX, 
§270.23(a) and Subpart V, §264.601, revise either or both sections of the permit application 
to provide the following information: 

A. The order and direction that disposal rooms and disposal room access drifts within a 
panel will be filled with RH waste canisters and CH waste containers. Also include the 
order in which additional panels will be mined and filled. 

RESPONSE 

A. Additional information on the expected order for filling the disposal areas has been 
provided. Specifically, a diagram is included in Chapter B that shows which units are 
being permitted and which will be permitted in the future. This shows the general order 
for using the repository. Text has been included to indicate that the emplacement begins 
in the exhaust drift outside the room and proceeds through the room to the entry of the 
next room. In addition, RH TRU hole drilling is going on in another room and RH TRU 
canister emplacement is going on in a third room. RH activities must stay a room ahead 
of the CH activity because the size of the RH equipment and the time to move it makes 
simultaneous RH and CH emplacement in the same room inefficient. 

***** 

B. An estimate of the amount of time it will take to complete waste emplacement within 
a panel. 
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RESPONSE 

8. An estimate of emplacement time has been included. 

***** 

C. The spacing between CH waste containers and the initial minimum spacing between 
the CH waste containers and the walls and roof of the disposal rooms and disposal 
room access drifts. 

RESPONSE 

C. The text has been revised to indicate that the emplacement of CH TRU mixed waste 
into the HWMUs will be as they are received and unloaded from the TRUPACT-lls. 
Because of this, 7-packs of drums, SWBs Ten Drum Overpacks (TDOPs), and 85-
gallon overpack containers will be emplaced as they arrive. (Except that 85-gallon 
overpacks will only be placed on the top row in the repository.) There is no intent to 
leave a specified amount of space between the waste containers themselves, or 
between the waste containers and the walls. Containers will be stacked in the best 
manner to provide stability for the stack (which is up to three containers high) and to 
make best use of available space. It is anticipated that the space between the wall 
and the container could be from zero to 18 inches. This space is a function of 
disposal room wall irregularities, container type and sequence of emplacement. Space 
is required to be maintained over the stacks of containers to assure adequate 
ventilation for waste handling operations. A minimum of 16 inches is specified in the 
Design Validation Report (Appendix D1, Chapter 12) to maintain air flow. Typically, 
the space above a stack of containers will be 36 to 48 inches. Figure D-11 shows a 
typical container configuration although this figure does not mix containers on any row. 
Such mixing, while inefficient, will be allowed to assure timely movement of waste into 
the underground. 

***** 

D. A description of the amount of aisle space (if any) that will be maintained within the 
disposal rooms and/or disposal room access drifts after waste emplacement to allow 
for access to the emplaced waste containers and/or access to inspect, monitor and 
maintain the roof support system. 

RESPONSE 

D. The following informaiton is provided. No aisle space will be maintained for personnel 
access to emplaced waste containers. No roof maintenance behind stacks of waste 
is planned. The design validation report validated the room design with no roof 
support as long as container breaching due to creep closure at seven years did not 
present an operational problem. Since normal operations anticipate five years from 
initial excavation until placement of panel closures, breaching of containers is not a 
problem, and there is no roof support equipment to maintain. There, are, exceptions 
to this. Panel 1 will be much older than seven years at the time it is used for waste 
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disposal. Consequently, this panel is dealt with explicitly in the application. All 
underground excavations are inspected and studied prior to their commitment to a 
long-term use. If ground conditions cannot be relied on for the period of time an area 
is needed, the conditions will either be remediated (bolted or scaled) or they simply 
will not be used. In addition, areas of the underground where personnel are working 
are inspected daily. If unsafe conditions are noted, prompt and appropriate action is 
taken to correct the problem. Additional information on the facility inspection program 
is in Chapter F. Revisions requested elsewhere in these comments have resulted in 
revisions to provide more detail on the WIPP ground control program. Text has been 
added to Section D-9a regarding aisle space. 

***** 

E. The initial diameter of the boreholes used for disposal of RH waste canisters to 
demonstrate that the boreholes have adequate diameter to accommodate the overpack 
RH canister. 

RESPONSE 

E. Information has been included to indicate that RH TRU emplacement holes are drilled at 
30 inches, the diameter of the overpacked canister is 28 inches and the diameter of the 
canister is 26 inches. 

***** 

F. The amount of air movement that will be allowed into disposal rooms and disposal room 
access drifts that are full of waste. 

RESPONSE 

F. This information is important to the air dispersion modeling and is in the footnote in Table 
09-1. Values are nominal, since the ventilation needs are governed by MSHA regulation 
which require that certain air quality be maintained (as opposed to specific flow rates). 
Ventilation rates may change if diesel equipment use changes or if other conditions 
cause a deterioration of air quality underground. 

***** 

G. A statement concerning whether backfill materials will be placed around the emplaced 
CH waste containers. If backfill materials will be used, provide a detailed description 
of the material to be used and the procedures and equipment to be used to place the 
backfill. 
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RESPONSE 

G. No backfill materials will be used therefore none is shown in the design. Any 
reference to backfill has been examined and removed if it created confusion. 

***** 

H. Waste loading considerations relative to waste form groups. Include discussions 
comparing loading considerations based on radioactivity levels and concentrations of 
hazardous constituents. 

RESPONSE 

H. There are no plans to load manage the repository. Because all waste are mutually 
compatible (see Appendix C1 ), the DOE is not aware of any reason to segregate 
waste in any manner in the disposal rooms. Waste locations will be recorded and 
information on where waste matrix groups are where would be available if anyone 
would be interested in such information. 

***** 

I. A description of the circumstances under which the main repository access drifts will 
be used for disposal of TRU mixed waste. 

RESPONSE 

I. Greater detail regarding the disposal area access drifts has been included in the 
application. 

***** 

7. Sections D-9a (page D-5) and D-9a(2)(b) (page D-18) of the permit application state that a 
shield plug will be installed after an RH canister has been inserted into a borehole to provide 
radiation shielding. However, neither Section D-9a(2)(b) or Section D-9a(3)(f) provide an 
adequate description of the design of the shield plug, or of the anticipated performance of 
the shield plug in response to salt creep and brine inflow. In accordance with 20 NMAC 4.1, 
Subpart IX, §270.23(a) and Subpart V, §264.601, revise the permit application to provide 
the following information: 

A. A description of the design of the shield plug, and the procedures that will be used to 
install the plug. Also include design drawings of the shield plug. 

RESPONSE 

A. The text has been revised to describe the shield plug including the following 
information. The shield plug is a cylinder 70 inches long, 29 inches in diameter, and 
a 1 3/4 inch wall thickness. It has a 5 inch thick steel plate welded to the bottom of 
the cylinder and a 3 inch thick plate with a standard handling pintle on the other end. 
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This shield plug weighs approximately 4,200 lbs. An alternative shield plug design, 
better suited to disposal operations is being developed. The alternative shield plug 
will be reinforced concrete with approximately the same outside dimensions as the 
steel shield plug and will be handled and emplaced in a similar fashion. The primary 
advantages in changing to a concrete shield plug are a reduction in cost and 
increased compatibility with the salt environment. 

Design drawings of the shield plug (current and proposed) are not necessary since the 
shield plugs do not provide structural support and do not seal the borehole. 

Shield plugs (29 inches in diameter) are inserted into the borehole (30 inches in 
diameter) after emplacement of the waste canister (26 inches in diam~ter [28 inches 
for an over packed canister]). The shield plug is inserted into the borehole sleeve 
after emplacement of the waste canister. It provides the necessary shielding for the 
exposed end of the borehole, limiting the borehole radiation surface dose rate to less 
than 5 mrem/hr for 100 rem/hr surface dose rate canisters. The shield plugs do not 
provide borehole closure. Stop bars prevent a shield plug from working its way out 
of borehole. The stop bar is a 2 inch wide by 3/4 inch thick steel bar that is attached 
to the salt with rock bolts. 

***** 

B. An assessment of the amount of time it will take for salt creep to breach the RH 
canister. If it is anticipated that salt creep will result in a canister breach occurring 
prior to completing disposal operations within a panel and placing of the panel seal, 
then provide design information which demonstrates that the shield plug is capable of 
withstanding the pressure buildup due to compression of the air and waste within a 
canister without failing. Alternatively, provide information that demonstrates that a 
breach of one or more canisters will not result in a release of hazardous constituents 
at concentrations that will exceed the miscellaneous unit environmental performance 
standards. 

RESPONSE 

B. It is not very likely that an RH canister would breach in the short time period that the 
panels are open. In the first place, the 2 to 4 inch tolerance will accommodate creep 
closure. Second, the canister will likely support the load of the overburden even after 
creep closure has occurred because of its round design and its 0.25 inch wall 
thickness. Finally, the emissions from the RH TRU waste are insignificant relative to 
those from CH TRU waste since RH TRU makes up less that five percent of the waste 
in a panel. Reference to the creep closure tolerance and the wall thickness has been 
added in Section D-9b(1 )(5). 

***** 

C. An assessment of the potential for hydrogen gas generation via shield plug corrosion, 
and the impact this may have on facility performance, or a reference where, this 
information is discussed within the permit application. 
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RESPONSE 

C. Sandia has shown that metal corrosion will not occur under humid conditions. (See 
Appendix 011.) Calculated brine inflow rates being used for the no-migration 
modeling indicates that after 200 years, less than one centimeter of brine will 
accumulate in the disposal room. This will not be enough to inundate the canisters 
or their plugs. Information on brine inflow is provided in Section D-9b(1 )(a) and 
Chapter I. 

***** 

8. Section D-9a(2)(b) (page D-18, lines 5-15) of the permit application indicates that RH wastes 
will be disposed of in boreholes that are drilled into the walls of the waste disposal rooms 
and disposal room access drifts, and that a nominal spacing of 8 feet between centers of 
the boreholes is planned. However, the permit application does notprovide any information 
concerning the potential adverse impact on the stability of the disposal rooms that could 
result from borehole emplacement. From the mine design information provided in the text 
and appendices to the permit application, it does not appear that the presence of the 
boreholes in the walls of the disposal rooms has been taken into account during modeling 
of the closure of the disposal rooms due to salt creep. In accordance with 20 NMAC 4.1, 
Subpart IX, §270.23(a) and Subpart V, §264.601, revise the permit application to provide: 

A. An assessment of the effect that the boreholes drilled into the walls of the disposal rooms 
and disposal room access drifts will have on room closure rates and the room closure 
process, the stability of the roof and walls of the disposal rooms, and the anticipated life 
of the disposal rooms. 

RESPONSE 

A. The effect of RH boreholes and RH waste heat are fully discussed in 'Waste Isolation 
Pilot Plant Simulated RH TRU Waste Experiments: Data and Interpretation Report," 
SANDBB-1314, April 1993. The report states "Based on our current data, results, 
observations, and interpretations, RH TRU waste packages, materials, and emplacement 
geometry in unlined salt boreholes appear to be adequate and safe for repository - phase 
isolation at WIPP." A reference to this report has been added to the text. 

***** 

8. A description of the distance that will be maintained between the first boreholes in a 
disposal room and the intersection of the disposal room and the disposal room access 
drift (the point of maximum stress in the pillar), and the justification for choosing the 
distance. 

RESPONSE 

8. The distance is shown on Figure D-3 and works out to be 24 feet. 

***** 
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C. An assessment of the effect that the potential increase in temperature of the salt 
surrounding the RH canisters will have on the stability of the disposal room walls and 
roof. 

RESPONSE 

C. The following information has been added to the application. Radioactive decay of the 
CH and RH TRU waste emplaced in the repository will generate heat. The importance 
of heat generation depends on the effects that the induced temperature changes 
would have on rock mechanics and fluid flow. For example, temperature increases 
could result in thermally induced fracturing, regional uplift, or thermally driven flow of 
gas and brine in the vicinity of the repository. 

According to the WAC, the design basis for the WIPP requires that the thermal loading 
does not exceed 1 a kilowatts per acre. RH TRU waste canisters, CH TRU waste 
drums, and CH TRU standard waste boxes have estimated average thermal power of 
ea watts, a.5 watts, and a.8 watts respectively. The majority of the RH TRU waste 
canisters emplaced in the WIPP repository will have a thermal power of less than 1 
watt, and individual canisters could generate up to 3aa watts of thermal power without 
exceeding the thermal loading limit for the WIPP. The WAC require that the thermal 
power generated by waste in an RH TRU canister shall not exceed 3aa watts. 

A numerical study to calculate induced temperature distributions and regional uplift 
was undertaken by Thome and Rudeen (198a). The background to this numerical 
study is presented in DOE (198a). The Thome and Rudeen (198a) analysis assumed: 

• All CH TRU waste drums and boxes contain the maximum permissible quantity of 
plutonium. According to the WAC, the fissionable radionuclide content for CH TRU 
waste containers shall be no greater than 2aa grams per a.21 cubic meter drum and 
35a grams per 1.8 cubic meter standard waste box (in Pu-239 fissile gram 
equivalents). 

• The plutonium in CH TRU waste containers is weapons grade material producing heat 
at a.aa24 watts per gram. Thus, the thermal power of a drum is approximately a.5 
watts and that of a box is approximately a.8 watts. 

• Approximately 3. 7x1 as cubic meters of CH TRU waste are distributed within a 
repository enclosing an area of 7.3x1as square meters. This is a conservative 
assumption in terms of quantity and density of waste within the repository, because 
the maximum capacity of the WIPP is 1.756x1as cubic meters for all waste (as 
specified by the Land Withdrawal Act [LWA]) to be placed in an enclosed area of 
approximately 5.1 x 1 as square meters. 

• Half of the CH TRU waste volume is placed in drums and half in boxes so that the 
repository will contain approximately 9x1as drums and 1as boxes. Thus, a calculated 
thermal power of 2.8 kilowatts per acre (a. 7 watts per square meter) of heat is 
generated by the CH TRU waste. 
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• Insufficient RH TRU waste is emplaced in the repository to influence the total thermal 
load. Note, however, that a container of RH TRU waste has an estimated average 
thermal power of 60 watts. The 7.08x103 cubic meters of RH TRU waste to be 
emplaced in the WI PP repository, within an enclosed area of approximately 5.1 x 105 

square meters, will generate a thermal load of approximately 3.8 kilowatts per acre 
(0.9 watts per square meter) of the repository. Thus, the Thome and Rudeen analysis 
may have underestimated the potential total thermal load of the repository over the 
first few hundred years. 

Under these assumptions, Thome and Rudeen estimated the long-term temperature 
response of the disposal system to waste emplacement. Calculations assumed a uniform 
initial power density of 0. 7 watts per square meter which decreases over time. Thome and 
Rudeen estimated the maximum rise in temperature at the center of a repository to be 1.6°C 
at 80 years after waste emplacement. Although, the calculations did not include the effects 
of RH TRU waste, the expected thermal load of approximately 0.9 watts per square meter 
from RH TRU waste would approximately double the estimated average temperature 
increase in the repository. However, temperature increases would be much greater at 
locations where the thermal power of RH TRU canisters approaches 300 watts, if any such 
canisters are emplaced. 

Experimental study of the temperature response of the repository to the emplacement of RH 
TRU waste has formed part of the WIPP-simulated RH TRU waste experiments. The 
experiments involved the emplacement of eight nonradioactive (but heated) RH TRU 
containers in boreholes in the WIPP experimental region. The spacing mimicked the 
anticipated geometrical spacing of RH TRU containers in the WIPP disposal rooms. A 
maximum heater power output of approximately 300 watts was used in the experiments, 
providing a good approximation of likely local maxima. Other experiments have involved the 
heating of simulated RH TRU waste canisters to approximately 120 watts, about double the 
expected average thermal output of actual RH wastes in the WIPP. 

Molecke et al. (1993) reported that the 300-watt heater generated a maximum heater
thermocouple temperature of 58°C. The 120-watt heater generated a maximum heater 
temperature of 42°C. The observed initial ambient temperature of the salt was 
approximately 28°C. 

In summary, numerical analysis has shown that the average temperature increase in the 
WIPP repository, due to radioactive decay of the emplaced CH and RH TRU waste, is likely 
to be 3 to 4 °C. Experimental studies have shown that the temperature increase close to the 
containers will be much greater where RH TRU waste containers of maximum allowable 
thermal power output are located. This will be a short-lived thermal pulse of a few hundred 
years or less. Thus, the DOE believes that the effects of repository temperature changes 
on mechanics and fluid flow are not significant. 

REFERENCES: 

DOE (U.S. Department of Energy). 1980. Final Environmental Impact Statement, Waste 
Isolation Pilot Plant. DOE/EIS-0026, Vols. 1 and 2. Office of Environmental Restoration and 
Waste Management, Washington, D.C. 
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Molecke, M.A., Arguello, J .G., and Beraun, R. 1993. Waste Isolation Pilot Plant Simulated 
RH TRU Waste Experiments: Data and Interpretation Report. SAND88-1314. Sandia 
National Laboratories, Albuquerque, NM. 

Thome, B. J., and Rudeen, D. K. 1980. Regional Effects of TRU Repository Heat. 
SAND80-7161. Sandia National Laboratories, Albuquerque, NM. 

***** 

9. The permit application does not provide an adequate description of the ground control 
program to be conducted in the underground HWMUs. Section D-9a(3)(f) states that DOE 
will ensure that any room in which waste will be placed will be sufficiently supported to 
assure compliance with the applicable portions of the LWA. Section D-9e(1) of the permit 
application indicates that a very comprehensive ground control monitoring and support 
system has been implemented, identifies the types of support systems that are available, 
and describes the support systems that have been used in the disposal rooms in panel 1. 
However, the permit application does not describe the support system that will be used in 
the disposal rooms and disposal room access drifts in the remaining underground disposal 
panels. In accordance with 20 NMAC 4.1, Subpart IX, §270.23(a) and Subpart V, §264.601, 
revise the permit application to include the following information within the text of the permit 
application or within appendices: 

RESPONSE 

9. The following is provided in response to this comment. No revisions were made to the 
application. Support and support systems are designed to comply with 30 CFR 57, Subpart 
B. This covers aspects such as installation, quality control, and testing among others. The 
ground control program at WIPP, as indicated in Section D-10d(1) is a process of 
continuous, interactive evaluation. This ensures that the ground control program is and 
remains current and relevant. Each year the entire underground is assessed, ground control 
requirements are analyzed, and a Long-Term Ground Control Plan (e.g., WIPP/WID-95-
2101) is prepared. A copy is attached to these responses. 

The U.S. Bureau of Mines performs an annual independent assessment of the stability of 
WIPP excavations as required by the LWA. 

It must be clearly noted that creep and rock failure in WIPP excavations is a slow and 
progressive feature. As a result, a very considerable period (measured in years) passes 
before any operationally significant instability could occur. This long period allows more than 
sufficient time for whatever actions are appropriate, such as additional monitoring, installing 
supplementary support, or taking other managerial and operational actions. 

***** 

A. Detailed design information for the initial roof support system that will used in all of the 
disposal rooms and disposal room access drifts in underground HWMU panels 2-8. 
Include a description of, and justification for choosing, the types of rock bolts to be used, 
the number of rock bolts per unit area, and the anchoring horizon. 
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RESPONSE 

A. The following has been added to the application. At normal operating rates, rock bolting 
in panels 2-8 may only be required locally (i.e. spot bolting). Rock fixtures used at WIPP 
comply with 30 CFR 57, Subpart 8. Each ground control support system installation is 
individually assessed and evaluated. As a result they vary from time to time and place 
to place as noted above. 

***** 

8. Detailed support system installation plans, including the quality assurance/ quality 
control program, that will be used for installing the initial roof support system in HWMU 
panels 2-8. 

RESPONSE 

8. The following has been inserted into the text. Support is installed to the requirements 
of 30 CFR 57, Subpart 8. WID QA/QC does additional random checks as each 
system is installed. 

***** 

C. A detailed description of the types of supplementary support systems that may be 
used in the disposal rooms and disposal room access drifts if the geomechanical 
monitoring data indicate that the initial roof support system is not capable of 
maintaining the stability of the disposal rooms or disposal room access drifts until 
emplacement of the panel seal. 

RESPONSE 

C. Supplementary support (or other operational action) is considered and utilized as 
discussed above. No revisions were made for this comment. 

***** 

D. The name of the person or organization that is responsible for conducting the ground 
control program and determining the level and types of ground control and 
maintenance activities that will be required in the disposal rooms and disposal room 
access drifts. 

RESPONSE 

D. The following have been specified in the text. WID Geotechnical Engineering 
performs geotechnical monitoring, design, analysis, and planning while Mine 
Operations is responsible for daily and regulatory inspections, maintenance, and 
construction. 

***** 
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10. The permit application does not provide adequate information to demonstrate that the 
implementation of the ground control program and the geomechanical monitoring program 
will ensure that the stability of the roofs in the disposal rooms and disposal room access 
drifts will be maintained throughout disposal activities in a panel. The discussion of the 
protection of groundwater (Section D-9d(1 ), page D-39, lines 8-9) and surface water (Section 
D-9d(2), page D-39, line 27) indicate that all TRU mixed waste will be in unopened 
(uncrushed) containers throughout the Disposal Phase. In addition, the discussion of the 
potential for health risks due to release of hazardous constituents to the air (Section D-9d(3), 
page D-41, lines 11-31) indicates that the health risks to WIPP workers and the hypothetical 
member of the public residing at the unit boundary have been projected based on the 
emission of VOC headspace gases via diffusion through the HEPA grade filters (i.e., the 
health risk calculations have been based on the assumption that the CH and RH TRU mixed 
waste containers will remain intact during the disposal period). As a result, maintaining the 
roof stability within a disposal panel, so that the roof will not fall and breach waste 
container(s), is apparently crucial to ensuring that the miscellaneous unit environmental 
performance standards will be met. In accordance with 20 NMAC 4.1, Subpart IX, 
§270.23(a) and Subpart V, §264.601, revise the permit application to address the following 
issues: 

RESPONSE 

10. The NMED has misinterpreted the text on Page D-39 regarding containment. Actually, the 
text takes no credit for intact containers once they are in the repository and a panel is 
closed. Preventing roof falls or any other kind of breach is only necessary for open panels. 
That protection is provided in part by the design of the facility, the planned throughput rates, 
and the ground control program. Actually, the breaching of several containers before a 
panel is closed is not likely to present a RCRA compliance problem since margins of 
compliance are large. Such events, however, would pose significant radiological protection 
problems, and, therefore, are undesirable. 

As discussed later in Chapter D the mechanism for air emissions prior to closure is different 
than the mechanism after closure. Prior to closure, volatile organic compounds (VOCs) are 
assumed to diffuse through drum filters based on the concentration gradient between the 
disposal room and the drum headspace. These voes are swept away by the ventilation 
system, thereby maintaining a gradient that is assumed to be constant. Hence, the VOCs 
in the ventilation stream are a function of the number of containers only. After a panel is 
closed, the rooms will reach an equilibrium concentration with the drum headspace and no 
more diffusion will occur. The only mechanism for release into the mine ventilation system 
is due to pressure that builds up in the closed panel. This pressure arises from the creep 
closure mechanism that is reducing the volume of the rooms and the generation of gas as 
the result of microbial degradation of organic matter in the waste. Consequently, the 
emissions after panel closure are a direct function of pressurization processes and rates 
within the panel. Details of these factors are found in Appendix 11. 

The DOE believes that it has a reasonable, sound understanding of rock mass behavior 
around WIPP excavations. See, for example, ''The Current Bases for Rock Fall Prediction 
at WIPP and a Preliminary Prediction for SPDV Room 2," DOE/WIPP 93-033 (Copy 
attached). 
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The DOE has not made specific changes as the result of these comments since they 
misinterpret the text. However clarifications have been made elsewhere to underscore the 
five year time period and to clarify the post panel closure emission rates versus the pre 
panel closure rates of emissions. 

***** 

A. The permit application (Page D-19, line 15) states that "Ground control will be maintained 
as long as access to the affected area is maintained." This implies that the ground 
control program and geomechanical monitoring program will be discontinued within a 
disposal room or portion of a disposal room after waste has been emplaced, but the 
actual length of time that the ground control program and the geomechanical monitoring 
program will be continued is not described. Revise the permit application to explicitly 
identify the point in time when the ground control program and the geomechanical 
monitoring program will cease in those areas of the disposal panels where waste has 
been emplaced. If the programs will continue in those areas where waste has been 
emplaced, then describe how personnel and equipment access will be accomplished 
without disturbing the emplaced waste containers. 

RESPONSE 

A. This part contains a false implication. The quotation is correct and ground control 
activities stop but that does not imply the monitoring program will be discontinued as well. 
As noted in DOE/WIPP 93-033, WID has remotely monitored excavations for long 
periods. WID is currently monitoring the northeast end of the experimental area remotely 
and this is being extended to cover the deactivated northwest end when it is deactivated. 
The DOE believes that such monitoring, as in DOE/WIPP93-033, gives adequate warning 
so that appropriate managerial and operational actions can be taken. 

***** 

B. The permit application does not provide an estimate of the length of time the roofs in 
the panel 2-8 disposal rooms and disposal room access drifts will remain stable (no 
roof falls) after they have been excavated and equipped with an initial rock bolt 
system. Although page D-43, lines 15 and 16, of the permit application states that the 
consensus of an expert review panel was that a life of 7 to 11 years could be 
expected from room 1, panel 1, with limited maintenance, it is not clear that this 
estimate can also be used for other rooms in the remaining panels. In addition, the 
estimate for room 1, panel 1 assumed that an initial rock bolt system was in place and 
that the support system would be continually monitored and maintained. Revise the 
permit application to provide an estimate of the length of time that the roofs of the 
panel 2-8 disposal rooms and disposal room access drifts will remain stable after 
excavation and installation of an initial rock bolt system. Since it is unlikely that the 
geomechanical monitoring and the ground control programs can be continued once 
waste has been emplaced in a room, ensure that the time estimates account for the 
cessation of the ground control program. Include potential degradation of the support 
system due to salt creep. 
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RESPONSE 

B. No change has been made to the text. The following is provided as a response. 
Based on the Panel 1 experience, the DOE believes that a panel has a stand up time 
of about five years with local or spot bolting, five to eight years with primary support, 
and more than eight years with supplementary support or other ground control action. 
Life and operational decisions are primarily ones of operational need and economic 
benefit, not one of ground control capability. 

DOE is currently evaluating yielding support systems that would provide improved 
confidence in system behavior, reduced costs, and extended system life. While such 
systems will provide these benefits, DOE can achieve the desired results with currently 
available systems. 

***** 

C. Provide a comparison of the length of time that the roofs of the panel 2-8 disposal 
rooms and disposal room access drifts will remain stable to the length of time that will 
be required to complete waste emplacement in a panel and construct the panel seal. 
If it is determined that the length of time that a roof will remain stable is less than the 
amount of time it will take to complete panel closure, provide a description of the 
activities that will be conducted to ensure that a roof fall will not occur. Alternatively, 
provide information that demonstrates that the design and construction of the 
containers is adequate to withstand a roof fall event without breaching. A second 
alternative would be to revise all of the risk assessment calculations used to calculate 
the health and environmental risks resulting from exposure to air emissions from the 
WIPP facility during disposal operations so that the projected emissions are based on 
waste concentrations in breached containers, rather than headspace gases diffusing 
through HEPA grade filters. 

RESPONSE 

C. Under normal rates of waste receipt and disposal, a panel life of about five years is 
required. As noted in 1 OB above, this life is available. Therefore, breaching 
containers is not a factor. In addition, after closure, as indicated in the general text 
above, breaching after panel closure does not matter. No additional revisions were 
made. 

***** 

D. Provide a comparison of the length of time that the roofs of the panel 1-8 disposal 
rooms and disposal room access drifts will remain stable to the length of time that will 
be required to complete waste disposal in the entire underground repository 
(emplacing waste and constructing panel seals in all panels). If it is determined that 
length of time that a roof will remain stable is less than the amount of time it will take 
to complete the filling and sealing of all waste panels, revise all of the risk assessment 
calculations used to calculate the health and environmental risks resulting from 
exposure to air emissions from the WIPP facility during disposal operations and facility 
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closure [Section D-9d(3)] so that the projected em1ss1ons are based on waste 
concentrations in breached containers, rather than headspace gases diffusing through 
HEPA grade filters. Alternatively, provide information that demonstrates that the 
design and construction of the containers is adequate to withstand roof fall events 
without breaching. 

RESPONSE 

D. See the general comment regarding the breached containers. Once panel closures 
are in place (approximately 5 years after opening a panel), breaching of containers is 
not significant. No additional revisions were made. 

***** 

11. The permit application (page D-43, lines 5-9) indicates that one of the key elements 
incorporated into the ground control program approach is that salt moves or creeps and that 
ground-support systems cannot resist salt creep. However, the permit application does not 
discuss the expected magnitude or rate of vertical and horizontal creep closure in the 
disposal rooms or the disposal room access drifts, or the measures that will be taken to 
ensure that room closure due to salt creep will not result in a breach of the CH waste 
containers while waste disposal activities are still occurring in a panel. In accordance with 
20 NMAC 4.1, Subpart IX, §270.23(a) and Subpart V, §264.601, revise Chapter D of the 
permit application to: 

A. Describe the anticipated rate of horizontal and vertical room closure due to salt creep and 
how the estimate was made. 

RESPONSE 

A. The Final Design Validation Report (DVR) in Appendix D1 has information that answers 
the questions raised in this comment. References to the specific area of the DVR have 
been added to the text. 

***** 

B. Provide an assessment of the potential for salt creep closure to crush or breach some 
of the first CH waste containers placed in a panel prior to completion of the panel seal. 
The assessment must include a comparison of the anticipated rate of salt creep 
closure over time, the initial size of the disposal room openings, the initial spacing 
between the waste containers and the walls and roof of the disposal rooms and 
disposal room access drift, and the maximum anticipated length of time it will take to 
completely fill and seal a disposal panel. If the assessment indicates that salt creep 
is likely to result in CH containers being crushed prior to construction of the panel 
seal, then describe the engineering or procedural controls that will be instituted to 
prevent the breach of the containers. Alternatively, provide information that 
demonstrates that a breach of one or more containers will not result in a release of 
hazardous constituents at concentrations that will exceed the miscellaneous unit 
environmental performance standards. 
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RESPONSE 

B. As noted in the response to comment 10, panels have an expected operational life of 
about five years. Panel 1 is clear evidence that such a life is reasonable. Over that 
period total maximum center line roof to floor convergence would be about 17 inches 
and mid-height rib to rib convergence would be about 13 inches. Roof falls are most 
unlikely during this period. A breach of containers is therefore not reasonable. No 
additional text revisions were made. 

***** 

12. The permit application does not provide an adequate description of geomechanical 
monitoring program to be conducted in the underground HWMUs. In accordance with 20 
NMAC 4 .. 1, Subpart IX, §270.23(a) and Subpart V, §264.601, revise the permit application 
to provide a detailed description of the geomechanical monitoring system, including: 

A. A description of the type and number of monitoring instruments and/or monitoring points 
that will be used to monitor each HWMU disposal panel. 

RESPONSE 

A. Geomechanical instrumentation is installed on an as needed and as appropriate basis. 
The types and locations of instruments are selected to evaluate and confirm general and 
local behavior patterns. Depending on the information provided by these instruments and 
the operational requirements for the area covered, these instruments may be 
supplemented, discontinued, or modified from time to time. No additional revisions were 
made to the text. 

***** 

B. A description of the potential problems that are looked for during visual inspections 
and how the results of the visual inspections are recorded. 

RESPONSE 

B. Visual inspections are used for daily and short-term purposes and include looking for 
evidence of cracking or support system failure. In addition, the results of these 
inspections are used as information for decisions on types and locations of monitoring 
and instrumentation. No revisions were made. 

***** 

C. A figure showing the location of the monitoring instruments and/or monitoring points 
that will be used to monitor each HWMU disposal panel. 
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RESPONSE 

C. The annual Geotechnical Analysis Reports (for example, DOE/WIPP-95-2100, 
attached) present complete details of the geotechnical status of the WIPP 
underground. The DOE does not anticipate any significant changes (other than 
regular maintenance and planned improvements) to the geotechnical monitoring 
program at WIPP. A Figure has been added to show current locations . 

••••• 

D. A description of the frequency that measurements and observations will be made. 

RESPONSE 

D. Instruments are read at a frequency appropriate to the response being shown. For 
example, instruments showing rapid movement are read more frequently than those 
moving slowly. Because creep is a dynamic mechanism, the frequency of reading of 
any individual instrument may, from time to time, vary over its entire life. No text 
revisions were made. 

• •••• 

13. The permit application does not provide an adequate description of the organization 
responsible for conducting the geomechanical monitoring program or evaluating the data 
obtained from this program. Section D-9a(3), page D-19 of the permit application indicates 
that data collected from geomechanical monitoring of the HWMUs during the Disposal Phase 
will be evaluated periodically. The permit application indicates that any ground conditions 
exceeding established criteria will be evaluated for immediate and longer-range s=3fety. 
Waste emplacement in a room may be terminated d~pending on the results of the 
evaluation, and if a roof fall is imminent, appropriate action will be taken to protect human 
health and the environment. However, neither Section D-9a(3) or D-9e(1) of the permit 
application provides any details concerning who will evaluate the data and how the data will 
be used. In accordance with 20 NMAC 4.1, Subpart IX, §270.23(a) and Subpart V, 
§264.601, revise the permit application to include: 

RESPONSE 

13. The assessment and evaluation of the condition of WIPP excavations is an interactive, 
continuous process. Criteria are continually reevaluated and reassessed based on total 
performance to date. Actions taken are based on these analyses and planned utilization of 
the excavation. Because WIPP excavations are in a natural geologic medium, there is 
inherent variability from point to point. The principle adopted is to anticipate potential 
ground control requirements and implement them in a timely manner rather than (as is 
implied in comment) to respond to a problem. This statement has been added to the 
application. 

• •••• 

22 



A. A description of the organizational structure (with job titles) responsible for the 
geomechanical monitoring program. 

RESPONSE 

A. The following is provided as a response, no text rev1s1ons have been made. 
Geotechnical Engineering is responsible forthe geomechanical monitoring program. This 
is shown in Table F-2. 

***** 

B. A description of the frequency that the data from the geomechani.cal monitoring 
program will be evaluated. 

RESPONSE 

B. No change has been made to Chapter D because this information is more 
appropriately dealt with in Chapter F. Instruments are read at a frequency appropriate 
to the response being shown. For example, instruments showing rapid movement are 
read more frequently than those moving slowly. Because creep is a dynamic 
mechanism, the frequency of reading of any individual instrument may, from time to 
time, vary over its entire life. 

***** 

C. A step by step description of the procedures in place to review, reduce, interpret, and 
act upon the geomechanical data collected in a timely manner to ensure that 
maintenance or corrective measures will be performed to maintain the stability of the 
disposal panels. 

RESPONSE 

C. The annual GAR (referenced in 12 above) provides basic information on the 
assessment process. This is supplemented by location specific evaluation, computer 
modeling (see for example DOE/WIPP 94-025), and where appropriate, a ground 
control assessment (see 9 above). No text changes were made. 

***** 

D. A description of established criteria for determining when unstable ground conditions 
are occurring (or will occur) and identification of the person responsible for deciding 
whether waste disposal operations must be terminated. 

RESPONSE 

D. The annual GAR (referenced in 12 above) provides basic information on the 
assessment process. This is supplemented by location specific evaluation, computer 
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modeling (see for example DOE/WIPP 94-025), and where appropriate, a ground 
control assessment (see 9 above). No text changes were made. 

***** 

E. A description of the potential corrective measures that will be considered in the event 
that unstable ground conditions are identified. 

RESPONSE 

E. It must be reiterated that creep is a slow and progressive feature. Current 
geotechnical monitoring systems allow a long period for evaluation of behavior and 
determination of an appropriate operational response. No text changes were made. 

***** 

F. A description of when and how NMED will be notified that the established criteria for 
determining when unstable ground conditions exist in the disposal panel HWMUs have 
been exceeded. 

RESPONSE 

F. The need for such a notification is not apparent. Given natural variability there is no 
single value which can be used for this purpose. Furthermore, all geotechnical reports 
are a matter of public record and are available to the NMED for independent review 
of the results of the ground control program. No text change was made. 

***** 

14. The permit application does not provide adequate information to demonstrate that the 
equipment that will be used to manage CH and RH TRU mixed waste containers will have 
adequate design capacity to handle the maximum anticipated loads without failure. In 
accordance with 20 NMAC 4.1, Subpart V, §264.173 and §264.601, revise Sections D-
9a(3)(c), D-9a(3)(d) and D-9a(3)(g) to provide the following information: 

A. The design capacity of the CH Bay overhead bridge crane, the CH Bay forklifts, the 
conveyance loading car, the underground waste transporter, the underground forklift, the 
RH Bay overhead bridge crane, the road-cask transfer car, the facility-cask transfer car, 
the facility-cask rotation fixture, and the grapple hoist. 

RESPONSE 

A. Capacities for equipment used to mange CH and RH TRU mixed waste containers has 
been included in the application as follows: 

• CH Bay overhead bridge crane - 10,000 lbs. 
• CH Bay forklifts - 26, 000 lbs. 
• Conveyance Loading Car - 36,000 lbs. 
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• Underground transporter - 28,000 lbs. 
• Underground forklift - 6 tons 
• RH bay bridge crane - 140 tons 
• Road cask transfer car - 25 tons 
• Facility cask rotation fixture - no specific load rating. 
• Grapple Hoist - 6.25 tons 
• Hot cell crane - 15 tons 
• Cask handling forklift - 41 tons 
• HERE handling forklift - 20 tons 
• ACGLF - 5 tons 

***** 

B. The maximum gross weight of the following containers or groups of containers: the 
seven-pack of 55-gallon drums, the four-pack of 83-gallon drums, the ten-drum 
overpack, the standard waste box, and the RH canister. 

RESPONSE 

B. Maximum gross weights of container have been added to the text as follows: 

• Seven-pack of 55-gallon drums - 7,000 lbs. 
• Four-pack of 85-gallon drums -
• Ten-drum overpack - 6,700 lbs. 
• Standard waste box - 4,000 lbs. 
• RH Canister - 8,000 lbs. 
• Over packed Canister - 10,000 lbs. 

***** 

C. The maximum net weight of the following equipment: the empty TRUPACT-11 Type B 
shipping container, the center-of- gravity lift fixture, the empty facility pallet, the empty 
RH-728 shielded road cask, and the empty facility cask. 

RESPONSE 

C. Maximum net empty weights of specific equipment have been added to the text as 
follows: 

• TRUPACT-11 - 12,800 lbs. 
• Adjustable center of gravity lift fixture - 750 lbs. 
• Facility pallet - 4, 120 lbs. 
• RH-728 shielded road cask - 34,710 lbs. 
• Facility cask - 67, 700 lbs. 

***** 
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15. The permit application does not specifically consider each of the 20 NMAC 4.1, Subpart V, 
§264.601 (a)(1 )-(9) and §264.601 (b)(1 )-(9) requirements to demonstrate that the design and 
operation of the WIPP underground HWMU will prevent releases that may have an adverse 
effect on human health and the environment due to migration of constituents in groundwater 
and the subsurface environment and in surface water, or wetlands, or on the soil surface. 
Revise Sections D-9d(1) and D-9d(2) of the permit application to specifically consider each 
requirement listed under §264.601 (a) and (b). Include a synopsis of the information required 
to meet each requirement, and specific references (including Appendix Number and/or 
Report title, and specific chapter or section where the information is located) to the location 
of the detailed information that demonstrate that each requirement has been thoroughly 
addressed. Relative to those performance standards pertinent to groundwater, ensure that 
each of the standards is addressed in sufficient and appropriate detail, taking into account 
comments on Chapters E, Appendix E1, and Appendix 06. 

RESPONSE 

15. The requested information has been added to Chapter D. 

***** 

16. The information provided in Section D-9d(3) of the permit application does not adequately 
consider each of the 20 NMAC 4.1, Subpart V, §264.601(c)(1)-(7) requirements to 
demonstrate that the design and operation of the WIPP underground HWMUs will prevent 
releases that may have adverse effects on human health and the environment due to 
migration of waste constituents in the air. Revise Section D-9d(3) and the appropriate tables 
and appendices to address the following issues: 

A. The permit application does not provide an adequate description of the physical and 
chemical characteristics of the waste managed in the WIPP, as required by 
§264.601 (c)(1 ). The discussion of the potential for health risks on page D-41 (lines 
11-16) and Table D-3 indicates that the health risks to WIPP workers and the public 
have been calculated based on emission of voe headspace gases from waste 
containers. However, the permit application does not describe or properly reference 
the source of the headspace gas emission data. Revise the text of the permit 
application and Table D-3 to appropriately reference Appendix C2 as the source of the 
weighted average drum headspace concentrations that have been use to calculate the 
air emissions exposure risk. 

In addition, Appendix C2 indicates that the weighted average concentrations of 
headspace gases provided in Table C2-1 and Table D-3 were calculated based on 
analyses from only 700 containers from only two generator sites. Revise the permit 
application to provide a discussion of the appropriateness of calculating the health and 
environmental risks due to air emissions from the WIPP based on headspace gas data 
from only 700 containers from only two generator sites, rather than representative 
samples of the spectrum of wastes from all of the potential generator sites. 

RESPONSE 
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A. The revised Appendix D9, Section 3.1.2, includes references to Chapter C and Table 
C-2 for headspace concentrations. 

For the modeling, an estimate has been made of the quantities of organics that are 
in the head space of the containers since these are free to vent into the disposal 
areas through HEPA-grade filters attached to each container or TRU waste. The 930 
drums analyzed were from the Rocky Flats Environmental Technology Site (RFETS) 
and the Idaho National Engineering Laboratory (INEL). These containers are 
considered representative of the waste throughout the DOE complex for the purposes 
of determining the modeling parameters. Modeling results have established boundary 
conditions as discussed in Chapter C of this application (see Table C-5). These 
boundary conditions will have to be met by all generators that wish to send waste to 
WIPP whether or not their waste was included in the modeling. In addition, the DOE 
will be able to assess the quantity of VOCs being placed in any area of the facility 
since every container of off-site waste will undergo headspace sampling and the 
resulting information will be stored in the \./IM/IS database. 

***** 

B. The permit application does not provide an adequate description of the effectiveness 
and reliability of systems and structures to reduce or prevent emissions of hazardous 
constituents to air, as required by §264.601 (c)(2). The discussion of the potential for 
health risks due to release of hazardous constituents to the air on page D-41 (lines 
11-31) indicates that the health risks to WIPP workers and the hypothetical member 
of the public residing at the unit boundary have been projected based on the emission 
of VOC headspace gases via diffusion through the HEPA grade filters (i.e., the health 
risk calculations have been based on the assumption that the CH and RH TRU mixed 
waste containers will remain intact). The text further states that the greatest potential 
exposure to a member of the public would occur when the last panel is open and 
being filled and when minute emissions contributions from all closed panels (via 
design basis diffusion rates) through the closure system are occurring. Since it is not 
likely that waste containers within a closed panel will remain intact throughout the 
entire Disposal Phase due to potential roof failures and the effects of salt creep, revise 
the permit application to discuss the appropriateness of basing the concentrations of 
VOCs in air emissions from closed panels on the assumption that the containers will 
remain intact. Revise the calculations of health and environmental risks from the air 
emissions accordingly. 

In addition, the permit application does not does not provide adequate or consistent 
information concerning how the emissions contributions from the closed disposal 
panels were calculated. Page D-41 (lines 25-26) indicates that the minute emissions 
contributions from all closed panels are calculated by factoring in the design basis 
diffusion rates, which is assumed to mean diffusion through the panel seals. However, 
review of the calculations provided in Appendix D9, Table D9-3, indicates that it does 
not appear that diffusion through the panel seals has been included in the calculation 
of single closed panel emissions. Revise the text of the permit application and 
Appendix D9 to clearly state whether the calculation of emissions from closed panels 
has included a factor for diffusion through the panel seals. In addition, provide a 
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complete description of the design basis diffusion rate for the panel seals and how the 
rate was calculated. 

RESPONSE 

B. See the revised Appendix 09. Roof falls in closed panels will not impact the average 
emission rates assumed for voes. This assessment includes a conservative 
assumption that the "headspace" of a panel will contain the same concentration of 
voes as the weighted average headspace concentration in each drum 
instantaneously upon closure. It is not reasonable to assume that the concentrations 
would increase any more than that average, even after a roof fall. 

***** 

C. The permit application does not provide an adequate description of the operating 
characteristics of the unit which impact voe distribution, as required by 
§264.601 (c)(3). The calculations of potential health and environmental risks resulting 
from exposure to air emissions from the WIPP facility have been based on weighted 
average drum headspace concentrations of VOCs. As a result, it will be very 
important to control the placement of containers within a disposal panel to ensure that 
the mix of waste placed in a panel is similar to the mix of waste used to calculate the 
average headspace concentrations. Revise the permit application to describe the 
procedural controls that will be used to ensure that the volume and concentration of 
voe containing waste placed in a particular disposal panel is similar to composition 
of the waste used to calculate the average headspace concentrations of VOCs (i.e., 
waste loading considerations identified in General Comment No. 6-H above). 

RESPONSE 

C. See the revised Appendix 09. Load management is not necessary to "distribute" the 
waste according to the weighted average. The weighted average is based on 
approximately 930 drums, yet a panel will contain approximately 81,000 drums. It is 
reasonable to assume the distribution within a panel, or even a room (approximately 
12,000 drums) will be represented. In addition to this reasoning, the exposure 
estimates are far enough below the acceptable levels that an uneven distribution 
between panels will not be relevant. 

***** 

D. The permit application does not provide adequate information to demonstrate that the 
calculations performed to assess the potential for health risks caused by human 
exposure to waste constituents have been properly conducted, as required by 
§264.601 (c)(6). Page D-40 (lines 41-42) indicates that the risk to the nearest resident 
is based on calculations dictated by DOE Orders and is documented in the Final 
Safety and Analysis Report. Table D-3 indicates that the Public Exposure Health
Based Levels are based on risk assessment information explained in the WIPP No
Migration Variance Petition. Revise the permit application to provide complete copies 
of all of the risk assessment assumptions and calculations used to assess the potential 
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for health risks resulting from exposure to air emissions from the WIPP facility as an 
attachment or appendix to the permit application. Also provide a justification for 
conducting risk assessment calculations for only nine voes, when Appendix e2, Table 
e2-1 indicates that 32 volatile organic constituents were detected during the 
headspace gas analysis of the 700 drums. 

RESPONSE 

D. See the revised Appendix D9 for the updated risk calculations. See the revised 
Appendix D13 for the screening of voes. 

***** 

E. The permit application provides an assessment of the potential health risks due to 
exposure to air emissions from waste in the underground repository for WIPP workers 
in an open panel underground and for a member of the public residing at the Land 
Withdrawal Act boundary. However, the permit application does not provide an 
assessment of the potential health risks due to exposure to air emissions to WIPP 
support personnel who work above ground (but are not directly involved in waste 
management activities) during the closure and post-closure time period. It is 
presumed that the exposure concentration for these personnel will be higher than the 
exposure concentrations to the general public at the Land Withdrawal Act Boundary, 
but that these personnel may not be directly covered under OSHA occupational 
exposure requirements. Revise the permit application to provide an assessment of 
the potential health risks to WIPP support personnel working in the surface facilities 
during the operational, closure, and post-closure care periods. 

RESPONSE 

E. See the revised Appendix D9, Sections 4.1 and 5.1.2 for calculations of exposure to 
workers on the surface. 

***** 

F. The permit application does not provide an assessment of the potential for damage 
to domestic animals, wildlife, crops, and vegetation caused by exposure to waste 
constituents in the air emissions from the WIPP. In accordance with §264.601(c)(7), 
revise Section D-9d(3) to specifically address this requirement. 

RESPONSE 

F. The DOE has not performed calculations regarding the exposure of animals to 
emissions. This is for a number of reasons. First, the emissions levels are extremely 
low and are not expected to have an impact. Second, the residence time of animals 
in the zone of exposure is small, further mitigating the potential impacts. The DOE 
does have an environmental monitoring program that includes the sampling of 
animals, vegetation, and soils. The program is described in Appendix D5. This 
program does not include the analysis of tissue for organic compounds in the waste 
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since such levels would be non detectable in this medium. However, if radionuclides 
are found in this tissue above background, this could indicate that undetected releases 
were leaving the facility and appropriate doses would be calculated. In addition, the 
source of exposure would be investigated. 

***** 

17. The permit application does not provide an adequate description of the air dispersion model 
and modeling utilized to estimate the VOC concentrations at the unit boundary. Further, the 
permit application does not provide adequate information relating to the required input 
parameter data sets. Tables 0-3 and 09-3 (Appendix 09), which calculate the maximum 
public exposure concentrations, are based upon the use of an air dispersion factor (AOF), 
which is a calculated output from the air dispersion modeling. However, the text does not 
address air dispersion modeling. Revise the permit application to provide the following 
information: 

A. A description of the air dispersion model chosen for the WIPP site. 

RESPONSE 

A. See the revised Appendix 09, Section 5.2.1 and Appendix 010. 

***** 

B. A detailed description of the specific input model parameters necessary for the 
dispersion modeling, including the control data sets, the source data set, the receptor 
data set and the meteorological data set. 

RESPONSE 

B. See the revised Appendix 09, Section 5.2.1 and Appendix 010. 

***** 

C. A detailed analysis and justification of all assumptions made for the modeling. 

RESPONSE 

C. See the revised Appendix 09, Section 5.2.1 and Appendix 010. 

***** 

0. A summary of the modeling results. 

Note that while the permit application does not provide the air dispersion modeling used in 
estimating voe concentrations at the facility, it appears that the required information may 
be within the No-Migration Variance Petition since it discusses the air dispersion model ISC2 
in Chapter 5 (Environmental Impact Analysis). As of September of this year, EPA mandated 
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the model ISC3 as the legal air dispersion model to be used in risk assessment. ISC3 is 
the refined version of the 1994 model ISCST2-DFT. Ensure that the discussion of air 
dispersion modeling provided in the permit application explains if ISC2 was chosen as the 
preferred model because at the time ISCST2-DFT was still in draft form and ISC2 was the 
"latest" EPA approved model at the time the NMVP was written and states whether the 
permit application will be revised using the ISC3 model. The Guideline Series on Air Quality 
Models lists those models approved by the U.S. EPA under the Clean Air Act. Supplement 
C of this series approves the ISC3 model for use. 

RESPONSE 

D. At the time in which the permit application was submitted (May, 1995), ISC2 was the 
most current revision of the ISC air dispersion model. ISC3 was not approved for use 
until July, 1995, therefore the use of ISC3 in this permit application is not appropriate. 
The DOE does not intend to rerun the calculations using ISC3. 

***** 

18. The permit application provides assessments of the potential for health risks due to 
exposure to air emissions from the WHB for both WIPP workers and a member of the public 
residing at the Land Withdrawal Act boundary. However, since the WHB will be permitted 
as a container storage area, the miscellaneous unit environmental performance standards 
for air emissions do not apply to the WHB. Revise the permit application to remove 
information concerning the assessment of potential for risk due to air emissions from the 
WHB. 

RESPONSE 

18. The assessment of risk from Waste Handling Building emissions has been removed from 
this chapter and Appendix 09. 

***** 

19. The permit application does not specifically address 20 NMAC 4.1, Subpart V, §264.603 
requirement that the environmental performance standards required under §264.601 must 
also be met during the post-closure care period. Revise Section D-9d of the permit 
application to provide information that demonstrates that the environmental performance 
standards will also be met during the post-closure care period. Specifically, the permit 
application must reference in Section D-9d where post-closure information is included, or 
provide this information. See General Comment No. 5, Chapter I, and Chapter E comments 
for additional guidance. 
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RESPONSE 

19. The post closure assessment for the period of time between the completion of the first panel 
closure and the final facility closure is discussed in Chapter I. Emissions that are modeled 
in Appendix D9 consider those from closed panels. 

***** 

20. The permit application does not provide adequate information to demonstrate that monitoring 
for volatile organic constituents in the emissions from the underground HWMUs during the 
Disposal Phase and the post-closure care period is not required. Since the projections of 
volatile organic constituent concentrations at the facility boundary (as defined in the Land 
Withdrawal Act) due to emissions from the underground HWMUs were based strictly on 
limited waste analysis and on theoretical predictions of the waste container headspace gas 
concentrations that are highly questionable (refer to General Comment No. 16 above), it will 
be very important to conduct volatile organic constituent air monitoring of the actual 
emissions from the underground HWMUs to verify the predicted emission rates. Revise the 
permit application to provide a plan for monitoring the volatile organic hazardous constituent 
emissions from the underground HWMUs during the Disposal Phase, including sampling 
location(s) and frequency. 

RESPONSE 

20. Monitoring of VOCs is not necessary; therefore, no monitoring plan is in the application. 
The assessment in Appendix D9 provides exposures that are so far below acceptable levels 
that monitoring would be meaningless. This discussion is in the application (Section D-
1 Od(1 )). 

***** 

21. A number of pages in Chapter D contain reference notes in parenthesis. These include the 
following: (DOE/WIPP 91-057) on page D-43 (line 16); (DOE 1992a) on page D-45 (line 27) 
and page D-48 (line 27); (DOE 1992b) on page D-46 (line 30) and page D-47 (line 13); 
(Westinghouse, 1991) on page D-47 (line 6); (DOE 1994) on page D-49 (line 15) and 
(DOE/CA0-95-2043, 1995) on Table D-3, page D-54. The use of reference notes in 
Chapter D is inappropriate since Chapter D does not include a reference list. Revise the 
permit application to include a reference list, or to provide complete references within the 
text of the Chapter. 

RESPONSE 

21. References have been added as appropriate. 

***** 
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WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY AND PROCESS INFORMATION 

CHAPTER D 

SPECIFIC COMMENTS 

1. Chapter D, Introduction, Page 0-1, Lines 32-35. 

The permit application states that "The Disposal Phase will consist of receiving both contact
handled (CH) and remote-handled (RH) TRU mixed waste shipping containers, unloading 
and transporting the waste containers to the underground HWMUs, emplacing the waste in 
the HWMUs, and subsequently achieving disposal by closing the HWMUs in compliance with 
applicable state and federal regulations." The last part of the sentence implies that the 
emplacement of waste in the underground HWMUs will not be considered disposal until the 
HWMU (panel) is closed. However, 20 NMAC 4.1, Subpart I, §260.1 O states that disposal 
means the discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid 
waste or hazardous waste into or on any land or water so that such solid waste or 
hazardous waste or any constituent thereof may enter the environment or be emitted into 
the air or discharged to any waters, including groundwater. As a result, the emplacement 
of waste within the disposal rooms and disposal room access drifts will constitute disposal 
of waste. Revise the permit application to add the words "and disposing of waste by" 
between the words "underground HWMUs," and the words "em placing the waste" on line 34 
of page D-1. Also delete the words "subsequently achieving disposal by" from lines 34 and 
35 of page D-1. 

Note that if for some reason, the emplacement of waste within the disposal rooms was not 
considered disposal until panel closure was complete, then the emplacement of waste in a 
panel would then be classified as waste storage. In that case, the 20 NMAC 4.1, Subpart 
V, §264 Subpart I requirements for use and management of containers would be the most 
appropriate standards to apply to the management of waste in the underground HWMUs. 
This would require that DOE maintain appropriate aisle space, secondary containment, 
container inspections, etc. 

RESPONSE 

1. There are inconsistencies between the definition of "disposal" as defined for the purposes 
of managing wastes under the RCRA and managing wastes under the Atomic Energy Act 
(AEA). The RCRA defines disposal as occurring at the time of placement, while the AEA 
defines disposal as occurring at the time of isolation of the waste with no intent of recovery. 
The DOE uses the AEA definition of disposal for the following reasons: 

• Mine ventilation, monitoring for releases of radioactive constituents, and mitigation of 
accidental releases are all managed on a panel basis, as described in the Safety Analysis 
Report. 
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• The RCRA mandates that "nothing in this Act shall be construed to apply to ... any activity 
or substance which is subject to ... the Atomic Energy Act of 1954 except to the extent that 
such application (or regulation) is not inconsistent with the requirements of such Acts" 
(1006[a] 42 United States Code 6905). 

The DOE has prepared the RCRA permit application in a manner that attempts to avoid 
inconsistent situations in which one regulation would have to have preference over another. 
This approach assures that the two regulations are complementary and not conflicting. The 
DOE understands that during operations, any releases of hazardous constituents that occur 
from open panels will be managed and regulated as "emissions" under the conditions of the 
WIPP facility's hazardous waste permit. The DOE will maintain compliance with 
occupational exposure standards, such as those established by the Occupational Safety and 
Health Act (OSHA), American Conference of Governmental Industrial Hygienists (ACGIH), 
or National Institute of Occupational Safety and Health (NIOSH), for emissions from those 
areas. Risk calculations based on chronic exposure to the nearest resident are provided 
in Chapter D. 

The wording in this portion of Chapter D has been changed to avoid the reference to the 
term "disposal" or a definition of when "disposal" begins. Chapter D presents a method to 
manage waste within the miscellaneous units that provides for protection of human health 
and the environment from both the hazardous constituents and the radioactive constituents. 

***** 

2. Chapter D, Section D-9, Miscellaneous Unit, Page D-3, Lines 19-20. 

The permit application states that the HWMU located on the surface in the WHB is also 
eligible for permitting as a miscellaneous unit under 20 NMAC 4.1, Subpart V, Miscellar.eous 
Unit, Subpart X. As noted in comments concerning Chapter A, there is no basis for 
permitting the WHB as a miscellaneous unit since appropriate standards for the use and 
management of containers already exist under 20 NMAC 4.1, Subpart V, §264 Subpart I. 
Revise all of the appropriate portions of the permit application to address the above ground 
HWMU as a permitted hazardous waste container storage area. 

RESPONSE 

2. The permit application has been revised to treat the WHB as a container storage unit. The 
basis for the DOE classifying the WHB as a miscellaneous unit was a suggestion of the 
NMED at a meeting to discuss Revision 4 of Chapter D. 

***** 

3. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a, Description of the 
Miscellaneous Unit, Page D-4, Lines 37-43. 

The permit application provides a description of how the various CH waste containers will 
be stacked in the disposal rooms and disposal room access drifts and references Figure D-3 
to show the stacking configuration. However, neither the text or Figure D-3 provides 
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information concerning the maximum dimensions of the waste container stacking 
configurations (height and width) to show how much space will be left between containers 
and between the containers and the walls and roof of a disposal room. In accordance with 
20 NMAC 4.1, Subpart V, §264.601, revise the text of this Section of the permit application 
to describe the distance between each type of container in a disposal room, and the 
minimum distance between waste containers and the walls and floors of a disposal room. 
In addition, provide two cross-sectional drawings (to scale) of a disposal room at the point 
where seven packs of drums will be emplaced and at the point where standard waste boxes 
will be emplaced. 

RESPONSE 

3. See the response to General Comment 6C. The additional detail concerning the 
configuration of the waste in the emplacement rooms is requested by the NMED has been 
added to the application. 

***** 

4. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(1 )(c), Groundwater 
Hydrology, Page D-10, Lines 1-8. 

The permit application provides a description of the horizontal hydraulic gradient and very 
generalized transmissivities within the Culebra, but does not describe the groundwater flow 
direction specifically in the vicinity of the WIPP. In accordance with 20 NMAC 4.1, Subpart 
V, §264.601, revise the text of the permit application to describe the direction of groundwater 
flow within the Culebra, or specifically reference where this information is included. 

RESPONSE 

4. Figure D-8 is referenced and included. This figure is read as follows-the direction of 
groundwater flow is from areas of higher head to areas of lower head. Appendix 06 
discusses the controversy regarding the interpretation of flow direction. This is in the last 
paragraph in Section D6-2a(5)(b). 

***** 

5. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(1)(c), Groundwater 
Hydrology, Page D-10, Lines 10-15. 

The permit application indicates that the nearest use of groundwater within the Culebra is 
approximately seven miles southwest of the WIPP site and refers to Figure D-9 to show the 
location of the well with respect to the WIPP site. However, the text of the permit application 
does not provide the name of well(s) used for watering livestock so that they can be clearly 
identified on Figure D-9. In accordance with 20 NMAC 4.1, Subpart V, §264.601, revise the 
permit application to clearly denote the Culebra wells that are used for water livestock. 
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RESPONSE 

5. Well H-8, for example, is now called out in the text. 

***** 

6. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(2)(b), TRU Mixed Waste 
Management Operations, Derived Waste, Page D-14, Lines 1-10. 

The permit application states that derived waste will be considered acceptable for 
management at the WIPP facility, because any TRU mixed waste shipped to the facility will 
have already been determined to be acceptable and because no new constituents will be 
added. However, the permit application does not identify the types of solvents or 
decontamination materials that will be used during decontamination activities to demonstrate 
that no new constituents will be added. Revise the permit application to identify all of the 
potential cleaning solvents that will be used to decontaminate equipment and cleanup spills. 
Also identify the specific hazardous constituents present in each of the cleaning solvents. 
(Also refer to Chapter C comments pertaining to use of these solvents). 

RESPONSE 

6. The text has been revised to state that should decontamination activities be performed, 
water and a mild (non-ionic) detergent will be used (MSDS of a typical detergent is attached 
to these responses). By using only this type of decontamination materials and 
administratively controlling the use of other materials (such as solidification agents for liquids 
that may be generated during decontamination activities), the WIPP will be able to determine 
the content of containers of derived waste and their acceptability at the WIPP. 

***** 

7. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(2)(b), TRU Mixed Waste 
Management Operations, CH TRU Mixed Waste Handling, Page D-15, Lines 6-11. 

The permit application states that all contamination surveys at the WIPP facility are based 
on the concept of co-detection. Due to the heterogeneity of the waste managed at the WIPP 
there may be instances when a release of hazardous constituents occurs without a 
concurrent release of radioactive waste. As a result, the use of only the co-detection 
principle to verify spill cleanup of hazardous constituents may be inadequate. Revise the 
permit application to state that all surface sampling radiation surveys conducted at WIPP to 
verify spill cleanup will be confirmed by collecting samples for hazardous constituent 
analysis. Alternatively, revise the permit application to include a complete and 
comprehensive justification for this approach. 
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RESPONSE 

7. The application has been revised to emphasize that co-detection is used mainly for the 
identification of spills or releases that would not be otherwise detectable. Cleanup is 
determined by taking appropriate radiation and hazardous waste samples. 

***** 

8. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(2)(b), TRU Mixed Waste 
Management Operations, CH TRU Mixed Waste Handling, Page D-16, Lines 29-30. 

The permit application does not identify the location within the repository that the 
underground forklifts will remove the waste containers from the facility pallet. In accordance 
with 20 NMAC 4.1, Subpart V, §264.601, revise the permit application to provide this 
information. 

RESPONSE 

8. The text has been clarified. In addition, a figure of the Brudi attachment used to handle 
containers of waste has been included. 

***** 

9. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(2)(b), TRU Mixed Waste 
Management Operations, CH TRU Mixed Waste Handling, Page D-16, Lines 34-35. 

There is a typographical error on line 35 in an important reference. Revise the permit 
application to indicate that Section D-9a(3)(f) provides the further discussion of the 
repository container management rather than Section D-9a(3)(g). 

RESPONSE 

9. The reference has been deleted and the referenced text now follows this paragraph. 

***** 

1 O. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(3), Facility Design and 
Construction, page D-19, Line 15. 

The footnote to the sentence on this line refers the reader to Appendix 03, Drawing 54-W-
009-W presumably for additional information concerning the ground control program. 
However, a review of the referenced drawing indicates that the drawing does not contain any 
information about the ground control program. Revise the permit application to remove the 
reference to the drawing, reference the appropriate drawing, or to clarify why the drawing 
was referenced. 
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RESPONSE 

10. The text has been clarified to indicate that the drawing contains the nominal dimensions that 
will be maintained in the access drifts. 

***** 

11. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(3)(e), Shafts and Subsurface 
Facilities, page D-32, Lines 8-11. 

The permit application indicates that the shafts (with the exception of the salt handling shaft) 
are equipped with three water collection rings to collect any water that may seep into the 
shaft through the shaft liner. However, the permit application does not provide a discussion 
of the disposition of the water once it has been collected. Revise the permit application to 
describe how any water that is collected in the collection rings is managed and disposed to 
prevent run-on to the underground HWMUs. Alternatively, reference where in the permit 
application this information is presented. 

RESPONSE 

11. The salt handling shaft has just one water collection ring, in the lower part of the key 
section. 

The following has been added to the text: 

WIPP shafts and other underground facilities are, for all practical purposes, dry. Minor 
quantities of water (which accumulate in some shaft sumps) are insufficient to affect the 
waste disposal area. This water is collected, brought to the surface, and disposed of in 
accordance with current standards and regulations. 

***** 

12. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(3)(f), Underground 
Ventilation System Description, Page D-34, Lines 25-32. 

Ventilation rates in waste-filled rooms and panel entry drifts are not explicitly provided in the 
text. However, a footnote to Table 09-1 states that the panel ventilation rate includes 2,000 
cfm for each of 6 filled rooms (while the last room is being filled). The ventilation rate in 
waste-filled rooms is an important factor in preventing accumulate flammable or explosive 
gas mixtures or VOC vapor concentrations in excess of those in Table 0-3. In accordance 
with 20 NMAC 4.1, Subpart V, §264.601, revise the text to explain whether 2,000 cfm 
ventilation will be maintained in each waste-filled room until the panel closure seals are 
installed. (If not, revise Table 09-1.) Include a description of the means to be used ·to 
ensure that this flow rate is maintained in each waste-filled room. Also include a separate 
description of the means for maintaining and ensuring similar ventilation of the filled portions 
of the main access drift disposal zone(s). 
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RESPONSE 

12. All parts of an active (open) panel will be ventilated with a quantity of air sufficient to ensure 
worker safety and in accordance with state and federal regulations. A note to this effect has 
been added to the text. The open filled room will have "a perceived movement of air". This 
is approximated as zero in the updated assessment. 

***** 

13. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(3)(f), Subsurface Structures, 
Underground Ventilation Modes of Operation, page D-35, Lines 25-32. 

The permit application indicates that the filtration mode is activated manually or 
automatically if the radiation monitoring system detects abnormally high concentrations of 
airborne radioactive particulates, or if an alarm is received from one continuous air monitor 
at Station A. According to the co-detection concept proposed by DOE, if releases of 
radioactive particulates or radiation occur, it means that releases of hazardous constituents 
has also occurred. Since the HEPA filters are not designed to remove volatile organic 
hazardous constituents from the exhaust air, the released hazardous constituents may be 
released directly to the environment. Revise this Section of the permit application, and 
Section D-9e(1 ), Volatile Organic Compound Monitoring (page D-49) to state that in addition 
to the routine voe air monitoring program (General Comment No. 20), the exhaust air from 
the Exhaust Filter Building will be monitored for releases of volatile organic constituents any 
time the filtration mode of the ventilation system is activated. 

RESPONSE 

13. The DOE is not proposing any monitoring of voe emissions. As shown in the air 
assessment in Appendix D9, the exposures are so far below the standards that monitoring 
is meaningless. Rationale for this is included here and in Appendix I. 

***** 

14. Chapter D, Section D-9, Miscellaneous Unit, Section D-9a(3)(g), Containers, pages D-36 
through D-38. 

The permit application does not provide the dimensions of all of the CH waste containers 
so that the maximum waste stacking height can be verified. In accordance with 20 NMAC 
4.1, Subpart V, §264.601, revise the permit application to provide the dimensions of a 55-
gallon drum, the standard waste box, and the 83-gallon overpack drum. 

RESPONSE 

14. The application has been revised to include the dimensions of the 55-gallon and 85-gallon 
containers. 

***** 
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15. Chapter D, Section D-9, Miscellaneous Unit, Section D-9b, Waste Characterization, 
page D-38, lines 24-26. 

This section of the permit application defers to Chapter C of the permit application for 
information concerning TRU mixed waste characterization. While reference to Chapter C 
for detailed waste identification and characterization information is acceptable, this section 
of Chapter D must provide a synopsis of the waste characterization data as it relates to the 
safe operation of the miscellaneous unit. In accordance with 20 NMAC 4.1, Subpart V, 
§264.601, revise this section of the permit application to provide: 

• A brief discussion of the compatibility of the waste types with all of the container types 
to be used to dispose of waste to ensure that breaches of the containers due to corrosion 
will not occur prior to placement of panel seals; 

• A brief description of the potential for breaching of containers due to the build-up of 
internal pressure as a result of gas and/or heat generation due to reactions of the waste 
within a container 

RESPONSE 

15. The information requested in this comment is included in a new section D-9b(1 )(a) Physical
Chemical Properties of the Waste. 

***** 

16. Chapter D, Section D-9, Miscellaneous Unit, Section D-9e(1 ), Monitoring, Panel 1 
Ground Control Activities, Page D-43, Lines 5-9. 

The permit application states that "Ground-support systems cannot resist salt creep, so in 
order to provide long-term support, the ground-control system must be able to accommodate 
the continuous creep of salt and to restrain broken and or fractured rock in the roof." In 
accordance with 20 NMAC 4.1, Subpart V, §264.601, revise the permit application to 
describe how the ground-control system that is in place in panel 1 and the ground-control 
system that will be used in panels 2-8 has been designed to accommodate salt creep while 
continuing to restrain broken and fractured rock. Include an evaluation of the adequacy of 
the design to accommodate salt creep once waste has been emplaced in a disposal room 
or disposal room access drift and access to the ground-control system for maintenance 
purposes is no longer possible. 

RESPONSE 

16. This comment is repetitive of General Comments 9 and 10. Please refer to those 
responses. 

***** 
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17. Chapter 0, Section 0-9, Miscellaneous Unit, Section 0-9e(1 }, Monitoring, Panel 1 
Ground Control Activities, Page 0-43, Lines 15-27. 

The permit application states that the consensus of the expert review panel was that a life 
of 7 to 11 years could be expected from room 1, panel 1, with limited maintenance. 
However, the permit application does not clearly state that the expert panels 7-11 year room 
life estimate was from the time of initial excavation and that the panel was assuming that 
the initial rock bolt system was in place. Revise the permit application to clearly state the 
assumptions on which the conclusions of the expert panel were based. 

RESPONSE 

17. This comment is not relevant since the ground conditions throughout Panel 1 will be 
maintained as necessary to support operational requirements. Further, Panel 1, Room 1 
now has a supplementary support system which renders this evaluation obsolete. 

***** 

18. Chapter 0, Section 0-9, Miscellaneous Unit, Section 0-9e(1 }, Monitoring, Panel 1 
Ground Control Activities, Page 0-43, Lines 28-33. 

The permit application identifies ground-support needs for panel 1 and describes the 
supplemental roof support systems installed in Rooms 1 and 2, but does not describe 
whether supplemental roof support systems will be required to maintain roof stability during 
the disposal phase. Since the youngest panel 1 disposal room, room 7, was excavated in 
1988, the panel 1 disposal rooms will be approaching end of the 7-11 year life estimated by 
the expert panel. As a result, it is likely that a supplemental roof support system will be 
required for panel 1 disposal rooms 3-7 to ensure that the roofs will remain stable during the 
disposal phase. Revise the permit application to provide an evaluation of the remaining 
active life of disposal rooms 3-7 and the disposal room access drifts in panel 1 compared 
to the length of time that will be required to fill and seal panel 1. Provide detailed design 
and installation information describing any supplementary support systems that may be 
required to extend the active life of the remaining panel 1 rooms. 

RESPONSE 

18. Supplementary support systems have been and will be installed in Panel 1 as necessary 
and, as noted in 17 above, ground conditions in Panel 1 will be maintained as necessary 
to support operational requirements. As noted in the response to General Comment 10, 
DOE believes adequate processes and systems are available to achieve this. No additional 
revisions. 

***** 
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19. Chapter D, Section D-9, Miscellaneous Unit, Section D-9e(1 ), Monitoring, Air 
Monitoring, Page D-45, Lines 17-23. 

The permit application indicates that the requirements and results of air monitoring 
conducted to comply with DOE Orders are fully discussed in the NESHAPs data package 
that was prepared and submitted to the EPA. In accordance with 20 NMAC 4.1, Subpart 
V, §264.601 (c)(S), provide a brief synopsis of the data package and a complete reference 
for this document. 

RESPONSE 

19. The reference to the NESHAPs data package has been deleted. The SAR is referenced as 
the documentation for calculations that show compliance to this radionuclide release 
standard. 

***** 
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COMMENTS: TABLES AND FIGURES 

1. Chapter D, Figure D-21, RH-728 Shielded Road Cask for RH Transuranic Mixed Waste 
and Figure D-22, Road Cask Transfer Car. 

The information provided in Figure 0-22 is not consistent with Figure 0-21. A dashed line 
provided on Figure 0-22 shows the position of the Shielded Road Cask mounted vertically 
on the Road Cask Transfer Car. However, the Shielded Road Cask center pivot support 
trunnions (which presumably fit into the support saddle on the Road Cask Transfer Car) are 
shown on Figure 0-21 as being mounted on the center axis of the Shielded Road Cask, 
while on Figure 0-22, the center pivot support trunnions are shown as being very close to 
one end of the Shielded Road Cask. Revise the appropriate Figure to correct this 
discrepancy. 

RESPONSE 

1. Figure 0-22, which is an illustration of the Transfer Car, has been modified as requested so 
that the cask resembles the RH-728 cask 

***** 
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APPENDIX 05 

1.. Chapter D, Appendix 05, Introduction, Page 1-2. 

Page 4-5 has been inadvertently substituted for Page 1-2. Revise the application by 
inserting the correct page. 

RESPONSE 

1. This error did not occur in all copies. A replacement page is attached. 

***** 
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APPENDIX 06 

GENERAL COMMENTS 

1. Appendix D6 of the permit application includes information regarding the results of studies, 
some of which provide differing interpretations of the same physical conditions. Additionally, 
the significance of some studies relative to site containment capabilities is not clear. For 
example, significance of void-filling salts/anhydrite within the Culebra is not explicitly 
discussed relative to groundwater flow, nor does the applicant take a position relative to the 
various Salado marker bed textures (e.g.primary/synsedimentary vs. secondary/ 
recrystallization features). Revise Appendix D6, where necessary, to include these sorts of 
explanations and interpretations. This is important because while those very familiar with 
the WIPP can attempt to "fill in the blanks", the unindoctrinated reader is sometimes left 
wondering about the significance of a particular study, condition, etc. 

RESPONSE 

The application is designed to address the Disposal Phase and RCRA post-closure care 
periods. The physical, geologic, and hydrologic features described in this comment do not 
influence WIPP performance during the Disposal Phase and post-closure care period. 
Additional detail is not warranted except for academic reasons. 

***** 

2. Appendix D6 does not include a discussion regarding modeling efforts that are ongoing 
relative to fluid flow within the Salado and Culebra, although the Appendix infers that data 
presented therein is to support modeling efforts. Revise Appendix D6 to include this 
information, including but not limited to summary discussions of models being used, 
assumptions and limitations of these models [e.g. significance of Culebra thickness 
variations cited in section D6-1 c(S)(b)], and modeling results relative to groundwater flow 
and potential contaminant transport, with an emphasis on the operational and post closure 
period. 

RESPONSE 

These studies are being performed to support long-term performance assessment (40 CFR 
191) and transport and modeling for 40 CFR 268 no migration after the repository is closed. 
They do not impact waste disposal operations or the post-closure care period for RCRA. 
A discussion of the relevant portions of the long-term modeling activities is given in 
Chapter I and associated appendices. 

***** 

3. Appendix D6 includes discussion of site groundwater hydrology, but should include a specific 
subsection that discusses the head potential within the Bell Canyon, Castile, Salado, 
Culebra (and each Rustler unit), Dewey Lake, and Santa Rosa Formations to support the 
applicant's assertions in Appendix E1 that head differentials would preclude contaminant 
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migration from the Salado to the Rustler or underlying units. Include freshwater head 
corrections. 

RESPONSE 

The text will be modified to state ''The repository during the Disposal Phase and the 
post-closure care period is essentially at atmospheric pressure ( = 14 psi). All surrounding 
water bearing formations (including the Salado) are at hydraulic pressure higher than 
atmospheric. Therefore, any flow that my exist will be toward the repository until the 
disposal area re-pressurizes due to creep closer or gas generation. Neither is expected to 
diminate for seveerl hundred year. In a 1990 study, the EPA concurred that vertical 
movement of fluids into the repository is not expected to be significant (EPA, 1990)." This 
concept of hydrologic gradient toward the repository is very straight forward in that, after 
excavating and opening underground rooms and drifts, all fluid standing within the open 
repository would rest on the facility floor at atmospheric pressure, with the only hydraulic 
head component being that of the fluids elevation. Fluids in the farfield Salado are clearly 
shown to be at much greater pressure than 14 psi. Fluids in overlying formations must 
inherently be at greater hydraulic head simply due to the elevation head alone. The 
hydrostatic pressure of Castile Brine Reservoirs forces fluid to rise well above the repository 
horizon to the land surface. Fluid pressures in the underlying Bell Canyon have been 
measured at a potentiometric elevation of 3600 to 3400 ft amsl (Figure D6-2a in Appendix 
06). The land surface elevation at WIPP is around 3400 ft amsl, with the repository 
elevation of about 2250 ft amsl, making Bell Canyon fluid levels over 2000 ft higher than 
open repository elevation. 

* * * * * 
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APPENDIX D6 

SPECIFIC COMMENTS 

1. Appendix D6, Introduction, page D6-1, Lines 24-28. 

Revise the permit application to specify the geophysical techniques discussed in this section, 
or to reference where, in the permit application, these activities are discussed more 
thoroughly. 

RESPONSE 

Sentence deleted. 

***** 

2. Appendix D6, Introduction, Page D6-2, Lines 4-10. 

The permit application states that the formation in which WIPP has been constructed is deep 
enough to reduce the potential for dissolution and is without complicated structure. 
However, information presented in other portions of this section and other geologic 
documentation pertaining to WIPP indicate that deep-seated dissolution has been a concern 
to some, and structure within the Castile, which often translates to the Salado, occurs within 
the region. Revise the permit application to specify that the depth relationship is specific to 
potential dissolution from ground surface, and that the uncomplicated structure is a local 
feature. Also revise the permit application to include the specific site-selection criteria cited 
in this section. 

RESPONSE 

1. Salado salt does not have complicated structure at WIPP. Castile deformation is not 
translated to the Salado at the WIPP, and the uncomplicated structure is not a "local 
feature." The Salado is rather flat and predicable over much of the Delaware Basin. 

2. Dissolution from surface water or shallow groundwater added to text. 

3. Site selection criteria added to the sentence. 

***** 

3. Appendix D6, Section D6-1 Geology, Section D6-1a Data Sources, page D6-3, lines 9-
10. 

The permit application does not include the well installation, construction, and geologic log 
information for newly constructed wells (WQSP wells). Revise the permit application to 
include this information. 
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RESPONSE 

The borehole database in Sub-Appendix BH is part of the WIPP Project Technical Baseline. 
The wells and boreholes described in Sub-Appendix BH have been used as part of the site
characterization database. The new WQSP wells were installed solely for the purpose of 
groundwater level and quality monitoring and were not intended to expand the site 
characterization database. If the Project Technical Baseline is updated in the future, the 
available well completion information for the WQSP wells will be added and Sub-Appendix 
BH revised. Information on these wells has been provided to the NMED. 

***** 

4. Appendix 06, Section 06-1 Geology, Section 06-1 c, Stratigraphy and Lithology in the 
Vicinity of the WIPP Site, Section, 06-1 c(S)(b}, The Culebra Member, pages 06-13 
through 06-14. 

The permit application does not include a discussion regarding secondary porosity 
occurrence and development within the Culebra relative to the nature, distribution, and origin 
of fracturing. Revise the permit application to include this information or to reference where, 
in the permit application, this information is discussed in more detail. 

RESPONSE 

Hydrologic characteristics such as porosity are discussed in section D6-2a(5), reference to 
that Appendix Section added to text. 

***** 

5. Appendix 06, Section 06-1 Geology, Section D6-1c, Stratigraphy and Lithology in the 
Vicinity of the WIPP Site, Section, D6-1c(6}, The Dewey Lake, Page 06-17, lines 11-19. 

Revise the permit application to discuss the differences between isotope ratios of the Dewey 
Lake and Rustler in more detail, including the specific unit within the Rustler the data were 
obtained from. 

RESPONSE 

As referenced in this section, the reports by Lambert indicate that much of the Dewey Lake 
gypsum is isotopically similar to that found in the Rustler, both showing recrystallization 
during Pleistocene or earlier times, and not a product of Permian age evaporated sea water. 
The text as written, summarizes the important conclusions reached by those extensive 
isotope studies. However, some additional information was extracted from the reference 
documents and added to the application to provide more detail. 

***** 
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6. Appendix 06, Section 06-1 Geology, Section 06-1 c, Stratigraphy and Lithology in the 
Vicinity of the WIPP Site, Section, 06-1c(9), The Mescalero Caliche, Page 06-19, Line 
1 and Lines 19-23. 

The permit application states that the Mescalero Caliche is expected to be continuous over 
large areas, but should also discuss any data to the contrary. Stakeholders have questioned 
the continuity of this feature, and additional information regarding its occurrence is 
warranted. Additionally, the permit application must provide additional detail regarding why 
the Mescalero Caliche is an indicator of surface stability. Revise the permit application 
accordingly. 

RESPONSE 

This section of the application clearly summarizes available data on the Mescalero Caliche 
as derived from numerous detailed publications. Many of these documents and studies are 
referenced in this section to direct the reader to the additional information desired. As 
stated in the application, Bachman (1976) contains the structure contour map of the Caliche 
over most of southeastern New Mexico, showing that it is practically continuous over the 
area. Also as stated in the application, Bachman 1974, 1976, and 1985, and Machette, 
1985 describe in detail how and why the Caliche is an indicator of surface land stability. 

***** 

7. Appendix 06, Section 06-1 Geology, Section 06-1c, Stratigraphy and Lithology in the 
Vicinity of the WIPP Site, Section, 06-1 d(2), Site Physiography and Geomorphology, 
page 06-21, Lines 30-37. 

Revise the permit application to include a figure presenting the San Simon Swale, or to 
include a reference to a figure already presented in the application which shows this feature. 

RESPONSE 

Reference to Figure 06-1 added. 

***** 

8. Appendix 06, Section 06-1, Geology, Section 06-1 e(2), Faulting, Page 06-23, Lines 32-
37. 

The permit application discusses the potential for fault occurrence, citing that inferred 
connections with underlying Bell Canyon or deeper units is unlikely "given the Castile 
geology within boreholes WIPP 13 and DOE-2". Revise the permit application to include a 
more detailed discussion of the geologic information from these wells, and how it supports 
the assertion of "no interconnection" between the Castile and underlying formations. 
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RESPONSE 

The text has been modified with the following statement: ''The Structure Contour map by 
Snyderwas based on data from WIPP-11, however, when WIPP-13 and DOE-2 were drilled 
much later, data from the wells showed the projected trends by Snyder were not valid. 
WIPP-13 and DOE-2 did not show evidence of complex structures in the upper units of the 
Castile and lower Salado." 

General Comment: In WIPP-11 stratigraphic units A1, A2, and A3 were probably 
misidentified. The top of A 1 is probably the top of A2 (100 ft thick) underlaying A 1 by 100 
ft. This would fit the surrounding geology more closely than would a fault with 200 ft of 
offset. 

***** 

9. Appendix 06, Section 06-2, Surface Water and Groundwater Hydrology, Page 06-40, 
Lines 15-23. 

The permit application indicates that the disposal medium is essentially devoid of 
groundwater, the effects of groundwater circulation ar minimal and predictable, and 
groundwater use in the area is "virtually nonexistent". These statements are to the extreme 
in that while the Salado exhibits low permeability and porosity, it is 100% saturated with 
brine; groundwater circulation within the Culebra relative to the occurrence of fractures, 
effect of loading, localized dissolution are not well understood (or at least not well 
described); and there are a few local groundwater wells. Revise the language in the permit 
application to be more accurate. 

RESPONSE 

1. "devoid of' replaced with "contains very small quantities of' 

2. "virtually nonexistent" replaced with "very limited" 

3. "Groundwater effects of circulation are minimal and predictable" changed to "circulation 
on the disposal system are limited and reasonably predictable." 

***** 

10. Appendix 06, Section 06-2, Surface Water and Groundwater Hydrology, Section 06-
2a(3), Hydrology of the Salado and Castile Formations, Page 06-45, Lines 1-3. 

The permit application states that the clay seams within the Salado are the most likely 
source of brine, predicting that "brine flow ceases after structural creep in the formation 
ceases". DOE has presented numerous theories regarding the origin of brines, however, 
and this theory has been shown to be questionable relative to brine chemistry, fluid flow 
assumptions, etc. (in DOE's most recent technical exchange meeting on the topic). Further, 
the statement that structural creep will cease brine inflow needs additional clarification 
regarding when final creep closure is anticipated to occur. Revise the permit application to 
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include all possible origins of brine within the WIPP, detailed chemistry data pertaining to 
the WIPP brines, and thorough justification of the assertion that clay seams are the origin 
of brine. Also include when final creep closure of each room is anticipated to occur and rate 
of brine inflow to this time, or to reference where, in the permit application, this information 
is presented. 

RESPONSE 

The text was revised to more clearly discuss origin of brines, brine and clay geochemistry, 
and reduction in brine inflow as the facility ages, additional technical references were also 
added. 

***** 

11. Appendix 06, Section 06-4, Seismicity, Page 06-66, Lines 13-15. 

The permit application states that there is some uncertainty regarding the ongm of 
earthquakes associated with the Central Basin Platform. Revise the permit application to 
discuss the location of the Central Basin Platform relative to WIPP, and the impact that this 
level of uncertainty could have on WIPP site stability. 

RESPONSE 

A reference to Figure 06-17 was added. The text was revised to state the seismic source 
term was developed using the observed seismicity so that the actual source is not important. 

***** 

12. Figures 06-10, 06-11, 06-13, 06-14, 06-18, 06-22 through 06-26. 

These figures show the regional area surrounding the WIPP and are useful in that they 
provide a general understanding of structure and isopachous variations in the region 
surrounding the WIPP. However, additional detail in the specific WIPP area would also be 
helpful to understand variations in this site, as the contour intervals on the provided map are 
too large to show any features that may be present at WIPP. Revise the permit application 
to provide additional maps that show more detail in the WIPP area. 

RESPONSE 

Such maps are not possible without significantly more field investigation. The maps 
presented are contoured based on the observed data. While different scientists may contour 
these sparse data differently, it is unlikely the level of detail can be enhanced. Data 
presented are sufficient to provide reasonable interpretation of regional geological features. 
This is sufficient to understand the regional geology for long-term performance modeling. 

***** 
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13. Figures 06-27 and 06-28. 

The Capitan Reef is typically shown in cross section only to the western margin of the WIPP, 
although geologic maps show the feature to "ring" the WIPP. Revise these figures to 
include a location map relative to the plan map that presents the horizontal location of the 
Capitan Reef. 

RESPONSE 

The location of the Capitan Reef is of little relevance to the operational and post-closure 
care of the WIPP as described in this application, because the site was selected sufficiently 
distant from the reef (minimum of six miles) to obviate any impacts. (See site selection 
criteria in Chapter B Introduction.) Figure 06-29, which immediately follows the ones that 
are the subject of this comment, shows the Capitan Reef to the north and west. 

***** 
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APPENDIX 09 

1. Chapter D, Appendix 09, Table 09-1, Maximum Occupational Exposure From 
Underground Waste Emissions, Page 09-1. 

Table D9-1 contains VOC emission rates in column 3, labelled Carbon Composite Filter 
Diffusion (mole/s/molefrac), which is abbreviated as DF in the formulas below this table. 
The source of these values is not referenced. Revise the permit application to provide the 
source of the DF values used in Table D9-1. Include a description of the test equipment, 
methods, procedures and data used to calculate the DF values. 

The source of the DF values appears to be Appendix DIF of the No-Migration Variance 
Petition (NMVP) that was submitted to the U.S. EPA office of solid waste. If the NMVP was 
the source of the DF values, then DOE should be aware that discrepancies have been found 
between the information provided in the permit application and the information provided in 
the NMVP. For instance, the drum filter emission rates and "headspace" mole fraction 
values reported in the No-Migration Variance Petition, Appendix DIF (Transport 
Characteristics Across Drum Filter Vents and Polymer Bags, K. J. Liekhus, August 1994, 
EGG-WM-11454) do not agree with the DF values in Table D9-1. For example, Appendix 
DIF provides the following values: 

Diffusion 
Characteristic 

(mol s-1 X 107
) 

VOC for NFT-013 filter 

Carbon Tet. 10.6 
M. Chloride 17.7 
Toluene 13.2 

Air Concentration 
in Test Vessel 

(ppmv) 

301 
1010 
398 

These are the only VOCs in Appendix DIF which are also in Table D9-1. To compare these 
values with DF values in Table D9-1, the Diffusion Characteristic must be divided by the 
mole fraction (Air Concentration divided by one million). The results are compared below: 

Carbon Tet. 
M. Chloride 
Toluene 

DF from Table D9-1 
(moles/s/molefrac) 

1.21x10-6 
1.48 x 10-6 
1.20 x 10-6 

DF from Appendix DIF 
(same units) 

3.52 x 10-3 
1.75 x 10-3 

3.32 x 10-3 

There appear to be major discrepancies between the permit application and the NMVP. In 
particular, Appendix DIF does not establish the linear dependence of rate of diffusion across 
a filter on the concentration of voe vapor inside the test vessel (or a drum). Although this 
concept is logical, the tests reported in Appendix DIF used only two mixtures of different 
voe vapors, not different concentrations of the same voes. These discrepancies must be 
resolved if the NMVP information is to be used in the permit application. 
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RESPONSE 

The Liekhus (1994) report has been added to Chapter Das Appendix 012. Section 3.3.1 
of the revised Appendix 09 describes and clarifies the method for calculating voe diffusion 
characteristics and references Appendix 012 as appropriate. The diffusion characteristic 
for each voe is calculated from the measured hydrogen diffusion characteristic and the 
calculated ratio of voe-to-hydrogen diffusivity is air. 

***** 

2. Chapter 0, Appendix 09, Table 09-1, Maximum Occupational Exposure From 
Underground Waste Emissions, Page 09-1. 

Column 4 of Table 09-1 contains the weighted average drum headspace concentrations 
(ppmv). However, the source for these concentrations is not referenced. Revise the permit 
application to provide the source of the weighted headspace concentrations for both the 
carcinogenic and non-carcinogenic chemicals used in Table 09-1; include descriptions of 
the methods, calculations and data used to calculate the concentrations. Also, discuss the 
screening methodology used to determine the selected VOCs. 

The source of the drum headspace concentrations appears to be Appendix VOC of the 
NMVP. If the source of the drum headspace concentrations is the NMVP, the DOE should 
be aware that discrepancies have been found between the NMVP and the permit 
application. For instance, the weighted average headspace concentrations for both 
carcinogens and non-carcinogens reported in the NMVP, Appendix VOC 0JOC Screening 
Methodology) do not agree with the weighted average headspace concentrations for the 
non-carcinogenic chemicals in Table 09-1. 

For example, Appendix voe of the NMVP calculates the conversion from headspace 
concentrations in micrograms per cubic meter to parts per million per volume for 
non-carcinogenic chemicals using the following formula: 

where: _ HSn(mg/m3)x24. 45 
HS (ppmvl - MW 

HS = weighted average headspace concentration, ppmv 
HS" = weighted average headspace concentration, mg/m3 

MW = molecular weight, chemical specific 

However, Table VOC-2 (Results of the VOC Screening Using Headspace Concentrations) 
in Appendix VOC lists the headspace concentrations for non-carcinogens in the bottom half 
of column 5 in units of µg/m3

. Sample calculations performed using the values presented 
in Table VOC-2, indicate that the above formula was used using the headspace 
concentrations in micrograms per cubic meter. Therefore, it is not clear whether the values 
for the headspace concentrations were labeled incorrectly in Table VOC-2 or if the 
calculations were performed incorrectly. 
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Further, the weighted average drum headspace concentration for toluene was reported as 
16.69 ppmv in Table VOC-2 and as 18.89 ppmv in Table 09-1. Upon application of the 
above formula, it appears as if the values reported in Table VOC-2 are correct. 

There appear to be major discrepancies between the permit application and the NMVP. In 
particular, Appendix VOC provides the methodology used in performing the screening 
analysis to determine the VOCs to be selected for the risk analysis. However, the 
methodology appears to be unsubstantiated, particularly if this logic is to be applied to the 
Part B permit application. For example, several chemicals were screened out on the basis 
that the chemical was either site specific or not listed as both an Appendix VIII and as a 
QAPP identified chemical. Since the WIPP permit application appears to rely on the NMVP 
for the determination of the selected VOCs, the screening methodology should be carefully 
evaluated in order to demonstrate compliance with the §264.601 environmental performance 
standards. 

RESPONSE 

Appendix C2 in Chapter C has been revised to provide the method for calculating weighted 
average headspace concentrations and the weighting factors used in these calculations. 

The VOC screening methodology has been added to Chapter O as Appendix 013. 
Appendix 013 is the same as Appendix VOC in the draft No-Migration Variance Petition; 
however, it has been updated to include two compounds that were mistakenly left out of the 
original screening analysis (1,2-0ichloroethane and 1, 1, 1-Trichloroethane) and current data 
from the Integrated Risk Information System (IRIS). The initial step in the NMVP screening 
analysis was to list the VOCs that are both target analytes in the QAPP and listed as 
hazardous constituents in 40 CFR 261, Appendix VIII. 40 CFR §268.6 requires that no 
migration of "hazardous constituents" be demonstrated, so this initial step is appropriate. 

40 CFR 264, Subpart X requires an assessment of human health impacts as a result of 
migration of "waste constituents," not just "hazardous constituents." Those VOCs listed in 
the QAPP, which are not in Appendix VIII, are constituents present in spent solvent 
hazardous waste (F001, F002, F003, F004, and FOOS) and are not toxicity characteristic 
(e.g., acetone). Since the scoring technique (the second step of the process) is based on 
relative toxicities of the voes, these voes would not be identified as target constituents if 
included in the analysis. Therefore, the initial step in the screening process is also 
appropriate for the risk assessment in the RCRA Part B permit application . 

••••• 

3. Chapter 0, Appendix 09, Table 09-3, Maximum Public Exposure Concentration at the 
LWB From Underground Waste Emissions, Pages 09-3 and 09-4. 

The 35-year health-based limits for the selected VOCs are listed in column 4 of Table 09-3. 
However, the source of these values is not referenced. Revise the permit application to 
include all appropriate references for the determination of the 35-year health-based limits 
as presented in Table 09-3. Also, provide the equations and methodologies used in these 
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references, and a justification for using the 35-year health-based limit instead of calculating 
risk based on the U.S. EPA recommended 70-year health-risk based limits. 

The No-Migration Variance Petition, Chapter 5 (Environmental Impact Analysis) appears to 
be the reference for the health-based limits. However, the methodologies for determining 
the health-based limits as discussed in Chapter 5 of the NMVP contain several 
discrepancies that must be addressed prior to submittal within the permit application. 

For example, the formula used to calculate the health-based limits for carcinogens contains 
an absorption factor in the denominator of the equation. However, an absorption factor is 
applied to determining limits in relation to soil ingestion and dermal exposure, not to direct 
inhalation scenarios. Also, when calculating a health-based limit due to inhalation, an 
exposure time is factored into the equation, which was not included. 

Further, in calculating the health-based levels for noncarcinogens, exposure time, exposure 
frequency and exposure duration terms were added unnecessarily to the equation (although 
these terms were set so that they cancelled each other out). The hazard quotient, which 
should be revised to be the hazard index, was assumed to be one. Although EPA has in 
the past said a hazard index with a value of one or less is assumed to mean no significant 
adverse health effects would be expected, recent EPA guidance has stated that an 
assumption that 75% of the hazard index is reserved for exposure to background 
constituents, and therefore a hazard index of 0.25 should be the ceiling value. DOE must 
consider this when conducting risk assessment calculations for noncarcinogens. 

RESPONSE 

In the revised exposure assessment (Section 5.2.2 of Appendix 09), an exposure duration 
of 35 years is used for the risk calculation since the air pathway will only be of concern 
during disposal operations and closure of the facility (a period of 35 years). Appendix 09 
has been updated to include direct calculations of risk rather than deriving risks from health
based levels. 

***** 

4. Chapter 0, Appendix 09, Calculation Briefs for Environmental Performance Standards, 
Table 09-3. 

Appendix 09, Table 09-3 provides the maximum public exposure concentration at the Land 
Withdrawal Act Boundary from underground waste emissions of various constituents. 
Revise the permit application to address the following concerns that were noted relative to 
the information provided in the Table, pertinent to the example calculations that were used 
to obtain the exposure concentrations: 

A. Column 9 of Table 09-3 contains the calculated excess cancer risk to the public. The 
related footnote states that this is based upon EPA Risk Assessment/Guidance for 
Superfund Sites and RCRA Proposed Subpart S methodology, as explained in the WIPP 
No-Migration Variance Petition (NMVP). However, the NMVP does not explain the 
excess risk calculation. Although EPA guidance for risk assessment does provide 
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methods for determining excess risk, these methodologies do not coincide with the 
formula presented on page 09-4 of the permit application. Revise the permit application 
to discuss on what the formula for excess risk was based on to include proper references 
for this calculation. Also include discussion on parameters assumptions. 

RESPONSE 

A. The revised Appendix 09 includes references for risk equations and the derivation of 
excess cancer risk to the public. The risk equations were derived from the "Risk 
Assessment Guidance for Superfund, Volume I, Human Health Evaluation Manual (Part 
A)". The acceptable levels of risk are taken from the "proposed subparts" in FR 30797. 

***** 

B. The calculation for the single closed panel em1ss1ons includes an average gas 
generation rate, and an equivalent gas generation rate due to panel volumetric 
reduction (creep). However, the permit application does not describe why the gas 
generation factors were included in the calculations or how the factors were 
calculated. Revise the permit application to describe why the average gas generation 
rate and equivalent gas generation rate factors were included in the calculations and 
to include a detailed description of how the factors are calculated. 

RESPONSE 

B. The revised Appendix 09, Section 3.3.2, discusses the rationale for including effective 
gas generation rates and the method for calculating them. 

***** 

C. In comparing the selected VOCs, as listed in Table 0-3, to the list of detected 
compounds in Table C2-1, a discrepancy with carbon disulfide occurs. Although Table 
0-3 lists carbon disulfide as a selected VOC, Table C2-1 does not list carbon disulfide 
as a detected component of the TRU mixed waste. The permit application does not 
address why carbon disulfide was chosen as a selected VOC in determining risk to 
both occupational workers and the public, when this compound was not detected in 
analyses of the waste. Revise the permit application to include a justification of the 
selected voes for the risk assessment. 

RESPONSE 

C. Although carbon disulfide has not been detected in the waste, one-half the sample 
quantitation limit was used for screening purposes. As shown in the voe screening 
analysis presented in Appendix 013 of the revised Chapter 0, carbon disulfide has 
now been screened out as an indicator voe. 

***** 
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D. Also, Table D-3 lists 1, 1-Dichloroethene, while Table C2-1 lists this compound as 1, 1-
Dichloroethylene. Although these names apply to the same compound, it is confusing. 
Modify for consistency throughout the entire document. 

RESPONSE 

D. Revisions have been made throughout the permit application to ensure consistent use 
of chemical names. 

***** 
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EXECUTIVE SUMMARY 

The Waste Isolation Pilot Plant (W!PP) is designed to receive, handle, and permanently 
dispose of transuranic waste. The U.S. Department of Energy <DOE) constructed a full-scale 
facility to demonstrate both technical and operational principles of the permanent isolation of 
transuranic waste. The WIPP consists of surface and underground facilities with the under
ground facility horizon located approximately 2, 150 feet ( 655 meters) below the surface in the 
Salado Formation. This deep geologic setting requires that a comprehensive ground control 
program be in place to assure safe and operational conditions for personnel and equipment. 

The currently anticipated operating life of the underground facility is approximately 
40 years from the date of the first excavations. Over time, the strains associated with the in 
situ stress conditions result in degradation of the excavations, particularly in the beam of salt 
which exists between the roof and the first clay seam above the roof. The deterioration of the 
roof is a safety concern which necessitates monitoring, maintenance, and ground control 
mechanisms to assure safe working conditions. Roof-support systems are currently in place in 
the facility, but their service life is limited; therefore, the ground control options which provide 
the longest possible life with the minimum amount of maintenance are preferred. 

There are three general options available for addressing ground control issues in the 
underground facility. These options include: installing an engineered support system, removal 
of unstable ground, and temporary or permanent closure of a selected area. Each of these 
options has several variables and must be evaluated on a case-by-case basis. 

For the purpose of ground control activities, the underground facility at the WIPP site has 
been divided into zones. These zones facilitate detailed evaluation and documentation of the 
status and conditions of the underground. A database has been developed which documents the 
current status of each ground control zone. The current status refers to the physical state of 
an underground excavation (zone) with respect to opening geometry, excavation age, ground 
support, and operational use. 

An evaluation of the ground conditions and support systems throughout the facility is 
performed annually. Areas that are identified as having more geotechnical activity (e.g., greater 
closure rates or increased fracturing) are assessed on a more frequent basis. The last annual 
evaluation was performed in October and November 1994. This evaluation provides information 
to address near-term ground control needs as well as requirements of this long-term plan. 
These evaluations, performed by Geotechnical Engineering personnel, are based on visual 
observations, analyses of instrumentation data, excavation effects program data acquired from 
observation holes, and rockbolt failure patterns. 
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Rockholt performance in salt mines is different from hard rock or coal mines. Salt is a 
material that deforms plastically (creeps) when subjected to deviatoric stress conditions. 
Therefore, when a rockbolt is installed in salt, the load in the bolt changes with time as the salt 
creeps. The usefulness of rockbolts ends when either the anchor or the bolt fails because of 
excessive deformation. The service life before such failure depend~ on the creep rate of the salt 
and the material properties of the bolt. A logical engineering objective r::lative to roof bolting 
in salt mines is to design a system that both prevents destructive deformation of system 
components and maintains a full design load. 

Specific design criteria for the WIPP site are documented in the Design Validation Final 
Report, [DOE, 1986] and the System Design Description documents. Some of the design criteria 
directly or indirectly affect or are related to ground control activities. Support-system criteria 
are based on long-term ground control objectives, experience, performance of existing support 
systems, laboratory and in situ tests of selected ground control components and/or systems, and 
site-specific geotechnical data which has been accumulated since the site was opened. Updated 
support system design criteria which are applicable to an optimum yielding system include the 
following: 

• The support system shall support the deadweight load of the detached roof beam. 

• The support system shall accommodate vertical movements of the roof. 

• The support system shall accommodate lateral offset in the roof. 

• The support system should be resistant to corrosion that may affect system integrity. 

• The yielding component of a yielding support system should be monitorable. 

• The support system should be monitorable for component failure. 

The ground-support requirements for areas of the underground are dependent on the 
operational requirements of those areas. The design of a support system must meet general 
criteria as well as site-specific criteria. Drifts and alcoves are categorized according to their 
priniary function. 

Parameters associated with the excavation process are being studied to determine their 
effect on the long-term stability of an opening. The mining horizon, the opening geometry, and 
the mining sequence all play a part in fracture development in the roof, ribs, and floor. 

Numerical analysis is used to investigate the structural performance of drifts excavated in 
different mining horizons. This tool provides a method of evaluating the long-term stability of 
an opening in the near term. Modeling results indicate that an excavation with a clay seam at 
the roof results in a more stable opening. For existing drifts with an anticipated life of 40 years, 
creep closure may ultimately lead to additional excavation in order to maintain operating 
clearance. Many factors must be evaluated to determine if beam removal or closure of an area 
is the most prudent option. 
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Rockholt failures have occurred throughout the facility. In the past, many of the failures 
were bolt head failures. An increasing number of failures are bolt shaft failures which are 
associated with lateral movement at Anhydrite "b." Rockholt failures are expected, based simply 
on deformation characteristics of the rock compared to deformation characteristics of the 
rockbolts. This failure trend is, in general, directly related to age since installation and rate of 
deformation. Axial deformation caused by beam expansion, lateral loading from offset, and 
corrosion are all time-dependent processes which adversely affect rockbolts. An increase in the 
number or the rate of bolt failures in a particular zone does not necessarily correlate with 
imminent ground stability problems for that zone. The most reliable means of determining the 
stability and safety of ground conditions includes a well-designed geotechnical monitoring 
program, weekly inspections by Mine Operations personnel, and daily work-place assessments. 

This long-term plan outlines numerous planned and recommended actions regarding ground 
control and related activities. These actions currently include: 

Ground Control System Testing - Testing of various ground support components and 
systems is currently being performed. This testing program will continue to evaluate and 
document the operational performance of proposed systems to aid in the selection of systems 
most applicable to the requirements of the WIPP. 

Corrosion Effects and Control Evaluation - Testing and evaluation of the effects of 
corrosion on various ground support system components and an investigation of corrosion 
control techniques will be performed. 

In Situ Investigation of Rockholt Failures - Additional investigations of rockbolt 
failures including overcoring of failed bolts and borehole camera surveys will be performed to 
supplement what has been completed to date. 

Roof Beam Removal - A section of E140 will have the roof beam removed up to 
Anhydrite ''b." Other areas to consider for beam removal include the remainder of El40 and 
Panel 1. 

Geotechnical Monitoring - The WIPP facility has an active geotechnical monitoring 
program. An expert review panel assembled in 1991, for review of the Room l, Panel 1 support 
system agreed that an engineered monitoring system provides adequate warning of ground 
stability problems before they pose an imminent safety hazard. The extensive monitoring 
program is expanded as necessary to assure complete and adequate coverage of all areas of the 
facility from an operational and safety standpoint. 

Support System Monitoring- Monitoring of selected components of the small-scale and 
room-scale tests will continue. Criteria that are being monitored includes: load development in 
bolts, strain associated with build up of load, and the amount and rate of support system yield. 

Numerical Modeling - Several numerical modeling studies have been performed with 
respect to ground control issues at the WIPP. Additional modeling is recommended to address 
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issues such as mining sequence and mining rates, rockbolt patterns, and the effects of opening 
size and shape. 

Short-Term Requirements - Regardless of the long-term ground control measures 
initiated, there will continue to be ground stability issues that wili need to be addressed on a 
contemporary basis. Geotechnical Engineering cv .aes to monitor ground conditions and 
support systems in a variety of ways. The requiremen~:; that personnel inspect their work area 
daily and that Mine Operations visually inspect the accessible areas of the facility on a weekly 
basis are in effect. Additional issues that are being addressed in the near-term include: 
continued monitoring and evaluation of Panel 1 based on current requirements, expansion of 
the remote Ground Control Monitoring System, and quarterly and semiannual assessments of 
prioritized areas. 

iv 



TABLE OF CONTENTS 

1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1.1 PURPOSE STATEl\IBNT....................................... 2 

1.2 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

1.3 BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

1.3.1 Ground Control History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

1.3.2 Annual Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

2.0 GROUND CONTROL DESIGN AND SELECTION CRITERIA . . . . . . . . . . . . . 5 

2.1 SYSTEM DESIGN DESCRIPTION DOCUMENTS . . . . . . . . . . . . . . . . . . . 5 

2.2 LONG-TERM SUPPORT SYSTEM DESIGN CRITERIA . . . . . . . . . . . . . . . 6 

2.2.1 Deadweight Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

2.2.2 Beam Expansion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

2.2.3 Lateral Offset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

2.2.4 Corrosion Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2.2.5 Yielding Component Location.............................. 8 

2.2.6 Monitorable Component Failure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

2.3 REMOVAL OF GROUND <BEAM REMOVAL) . . . . . . . . . . . . . . . . . . . . . . 8 

2.3.1 Safety Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2.3.2 Economic Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2.3.3 Operational Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

2.4 AREA CLOSURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

3.0 CURRENT STATUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

3.1 GEOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

3.1.1 Repository Horizon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

3. l.2 Experimental Horizon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

3.2 GEOl\IBTRY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

3.3 EXCAVATION AGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

3.3.1 Projected Life of Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

3.4 SHAFTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

3.4.1 Salt Handling Shaft ...... .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

3 .. 4.2 Waste Shaft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

v 



TABLE OF CONTENTS 
{Continued) 

3.4.3 Exhaust Shaft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

3.4.4 Air Intake Shaft (A!S) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

3.5 EXISTING SUPPORT SYSTEMS ................................ 21 

3.5.1 Room 1, Panel 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

3.5.2 Room 2, Panel 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

3.5.3 Room 4, Panel 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

3.5.4 Select Panel 1 Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3.5.5 East 140 Drift . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3.5.6 North 1400 Drift . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3.5. 7 Room D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

3.5.8 Brows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

3.6 ROCKBOLT PATTERN DESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

3. 7 PROJECTED LIFE OF EXISTING ROOF SUPPORT SYSTEMS . . . . . . . . . 25 

3.8 AREAS WITH ROOF BEAM REMOVED . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 

3.9 CLOSED AREAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

3.10 UTILITIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

4.0 SUPPORT SYSTEM OPERATIONAL REQumEMENTS . . . . . . . . . . . . . . . . . 2', 

4.1 OPERATIONAL DESIGNATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

4.2 SPECIAL AREAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

4.2.1 Shafts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

4.2.2 Sha.ft Stations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

4.2.3 Ventilation Overcasts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

4.2.4 Brows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

5.0 ROCK MECHANICS SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

6.0 GEOTECHNICAL EVALUATION OF UNDERGROUND OPENINGS . . . . . . . 31 

6.1 OBSERVATIONS BY GEOTECHNICAL ENGINEERING .............. 31 

6.2 OBSERVATIONS BY UNDERGROUND OPERATIONS . . . . . . . . . . . . . . . 32 

6.3 EXCAVATION EFFECTS PROGRAM DATA (OBSERVATION HOLES) . ... 32 

7.0 MONITORIN'G SYSTEMS .......................................... 34 

7 .1 GEOTECHNICAL MONITORING PROGRAM . . . . . . . . . . . . . . . . . . . . . . . 34 

vi 



TABLE OF CONTENTS 
(Continued) 

7.1.1 Instrumentation Descriptions .. ~.. . . . . . . . . . . . . . . . . . . . . . . . . . 35 

7.1.2 Geotechnical Instrumentation Data . . . . . . . . . . . . . . . . . . . . . . . . . 35 

7 .1.3 Data Acquisition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

7.1.4 Ground Control Monitoring System (GCMS) . . . . . . . . . . . . . . . . . . 36 

7.2 GROUND SUPPORT SYSTEM MONITORING . . . . . . . . . . . . . . . . . . . . . . 36 

7 .2.1 Load Cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

7 .2.2 Strain Gages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

7 .2.3 Yielding Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

7.2.4 Joint Meters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

7.3 FACILITY-WIDE SURVEY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

7.4 ADDITIONAL MONITORING REQUffiEMENTS . . . . . . . . . . . . . . . . . . . . 39 

8.0 MININ'G ALTERNATIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

8.1 THE MINING HORIZON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

8.2 ROOF BEAM REMOVAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

8.2.1 Salt Shaft Station Roof Beam Removal . . . . . . . . . . . . . . . . . . . . . . 41 

8.2.2 East 140 Roof Beam Removal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

8.3 OPENING GEOMETRY ....................................... 41 

8.4 MINING SEQUENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

9.0 ROClrnOLT F AII..URES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

9.1 ROCKBOLT FAILURE MECHANISMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

9.2 MECHANICAL FAILURE OF METALS . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 

10.0 GROUND CONTROL COMPONENTS AND SYSTEMS . . . . . . . . . . . . . . . . . . 47 

10.1 GROUND SUPPORT COMPONENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 

10.2 GROUND SUPPORT SYSTEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7 

10.2.1 Mechanically Anchored (Expansion Shell) Bolts . . . . . . . . . . . . . . . . 48 

10.2.2 Deformed Threaded Rebar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 

10.2.3 Cable Bolts ...................... ·. . . . . . . . . . . . . . . . . . . . . 50 

10.2.4 Cable Mesh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

10.2.5 Room 1, Panel 1, Support System . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

vii 



TABLE OF CONTENTS 
(Continued) 

10.2.6 Removal of the Roof Beam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

10.3 EVALUATION AND IMPLEMENTATION OF NEW SUPPORT 
TECHNOLOGIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

10.3.1 Yielding Ground Support Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

10.3.2 Ground Control System Testing Program . . . . . . . . . . . . . . . . . . . . . 54 

10.4 SUPPORT SYSTEM RATINGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

11.0 CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

11.1 EXISTING SYSTEMS ......................................... 59 

11.2 GEOMECHANICAL DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

11.3 MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

11.4 NEW SYSTEMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 

12.0 PLANNED AND RECOMMENDED ACTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

12.1 GROUND CONTROL SYSTEM TESTING PROGRAM . . . . . . . . . . . . . . . . 62 

12.2 CORROSION EFFECTS AND PROTECTION EVALUATION . . . . . . . . . . . 63 

12.3 IN SITU INVESTIGATION OF ROCKBOLT FAILURES . . . . . . . . . . . . . . 64 

12.4 ROOF BEAM REMOVAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

12.5 GEOTECHNICAL MONITORING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 

12.6 SUPPORT SYSTEM PERFORMANCE MONITORING . . . . . . . . . . . . . . . . 66 

12. 7 NUMERICAL MODELING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 

12.8 SHORT-TERM REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

13.0 REFERENCES ..... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

APPENDIX A GROUND CONTROL COMPONENTS ........................ A-1 

A.1 BOLTS .................................................... A-2 

A.1.1 Mechanical Anchor Rockbolts .............................. A-2 

A.1.2 Deformed Threaded Rebar ................................ A-2 

A.1.3 Cable Bolt ............................................ A-2 

A.1.4 Swellex Bolts .......................................... A-3 

A.1.5 Splitsets .............................................. A-3 

A.1.6 C·one Bolts ............................................ A-3 

viii 



TABLE OF CONTENTS 
(Continued) 

A.1. 7 High Strength Steel Strand Bolt (Wire Rope) .................. A-3 

A.1.8 Exotic Steel Bolts ....................................... A-4 

A.2 ANCHORS .................................................. A-4 

A.2.1 Expansion Shell Anchors ................................. A-4 

A.2.2 Resin (Adhesive) ....................................... A-4 

A.2.3 Cement Grout ......................................... A-5 

A.3 FIXTURES ........................................ , ........ A-5 

A.3.1 Nuts ................................................. A-5 

A.:3.2 Load-Bearing Plates ..................................... A-5 

A.3.3 Spherical Washer ....................................... A-6 

A.3.4 Cable Shoes and Horn Stirrups ............................ A-6 

A.3.5 Load Indicators/Yielding Collars . . . . . . . . . . . . . . . . . . . . . . . . . . . A-6 

APPENDIX B. PLANNED COMPONENT AND SYSTEM TESTING PROGRAM ... B-1 

B.1 ON-SITE OR SITE-SPECIFIC TESTING TO DATE .................. B-2 

B.2 PROPOSED TESTING ........................................ B-3 

B.3 FULL-SCALE LABORATORY TESTS ............................. B-4 

B.3.1 Scope ................................................ B-4 

B.3.2 Method ............................................... B-4 

B.4 LABORATORY SCALED-BLOCK LATERAL-DEFORMATION TESTS .... B-7 

B.4.1 Scope ................................................ B-7 

B.4.2 Method ............................................... B-7 

B.5 SMALL-SCALE IN SITU TESTING .............................. B-7 

B .. 5.1 Scope ................................................ B-7 

B .. 5.2 Method ............................................... B-8 

B.6 FULL-SCALE IN SITU TESTING ................................ B-8 

B.6.1 Scope ................................................ B-8 
' B.6.2 Method ............................................... B-8 

B. 7 SYSTEM DIAGRAMS AND TYPICAL TEST DATA ................... B-9 

lX 



LIST OF TABLES 

TABLE PAGE 

3-1 Underground Assessment Zones - Statistical Information . . . . . . . . . . . . . . . . . 14 

7-1 Ground Control System Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

10-1 Numerical Ratings of Ground Control Systems . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

x 



LIST OF FIGURES 

FIGURE PAGE 

3-1 WIPP Underground Assessment Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

3-2 Generalized Stratigraphic Column . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

9-1 Rockholt Failures From May 1990 Through March 1995 . . . . . . . . . . . . . . . . . . . . 45 

B-1 Rockholt Test Frame ............................................... B-5 

B-2 Offset Device ..................................................... B-6 

B-3 DSI Slip Nut System .............................................. B-10 

B-4 Laboratory Slip Nut Test Data ...................................... B-11 

B-5 In Situ Slip Nut Test Data ......................................... B-11 

B-6 Yielding Cable Bolt ............................................... B-12 

B-7 Friction Component of Yielding Cable Bolt ............................. B-12 

B-8 Yielding Cable Bolt Test Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-13 

B-9 Titan Load Indicator .............................................. B-14 

B-10 Titan Load Indicator Test Data ...................................... B-15 

B-11 RE/SPEC Yielding Collar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-16 

B-12 RE/SPEC Yielding Collar Laboratory Test Data . . . . . . . . . . . . . . . . . . . . . . . . . B-17 

B-13 RE/SPEC Yielding Collar In Situ Test Data ............................ B-17 

xi 



AIS 

ANSI 

AR 

ASME 

ASTM 

BDB 

DOE 

DDP 

GAR 

GCMS 

GFDAR 

GIS 

LTGCP 

MB139 

MSHA 

NQA 

OMB 

SDD 

SEM 

SPDV 

WIPP 

LIST OF ACRONYMS/ABBREVIATIONS 

Air Intake Shaft 

American National Standards Institute 

Action Request 

American Society of Mechanical Engineers 

American Society For Testing and Materials 

Bechtel Design Basis 

United States Department of Energy 

Disposal Decision Plan 

Geotechnical Analysis Report 

Ground Control Monitoring System 

Geotechnical Field Data and Analysis Report 

Geomechanical Instrumentation System 

Long-Term Ground Control Plan 

Marker Bed 139 

Mine Safety and Health Administration 

Nuclear Quality Assurance 

Orange Marker Band 

System Design Description 

Scanning Electron Microscope 

Site Preliminary Design Validation 

Waste Isolation Pilot Plant 

xii 



1.0 INTRODUCTION 

The Waste Isolation Pilot Plant (WIPP) was authorized by Congress in 1979 (Public Law 
96-164) to provide "a research and development facility to demonstrate the safe disposal of 
radioactive wastes resulting from the defense activities and programs of the United States 
exempted from regulation by the Nuclear Regulatory Commission." To fulfill this mission, the 
U.S. Department of Energy <DOE) constructed a full-scale facility to demonstrate both technical 
and operational principles of the permanent isolation of transuranic waste. The facility horizon 
of the WIPP, which includes both experimental and waste storage areas, is located approximate
ly 2,150 feet (655 meters) below the surface in the Salado Formation, a thick sequence of 
evaporites which are predominantly halite. The development of a facility in this geologic setting 
creates ground conditions that necessitate monitoring and maintenance. A great deal of 
information is available on the past and present in situ conditions at the WIPP, and primary 
areas which are of concern to ground control issues are addressed and presented here in 
summary form. Reports such as the annual Geotechnical Analysis Report (GAR), formerly the 
Geotechnical Field Data and Analysis Report (GFDAR), which are referenced throughout this 
document, supply more detailed information. This document addresses technical aspects of the 
underground facility which are concerned with the design, construction, and performance of the 
subsurface structures and support systems. In particular, this plan addresses the requirement 
for maintaining the ground conditions in the underground facility in a safe and operational state 
for its anticipated lifetime. 

There are many options available for ground support in the mining industry today. Of the 
most widely used technologies, methods used in potash, salt, and trona mines are probably the 
most applicable to the WIPP because they are similar rock types. Current long-term 
performance data on available technologies are not sufficient to make a single comprehensive 
recommendation for a ground support system which would solve the long-term ground control 
issues at the WIPP. Instead, a comprehensive testing and evaluation program to determine 
which ground-support components and/or systems are most applicable to the project is 
underway. In conjunction with this testing program, the extensive geotechnical monitoring 
program which is already in place is expanded as necessary to assure adequate coverage of the 
facility from an operational and a safety standpoint. 

The in situ data collected for this Long-Term Ground Control Plan (LTGCP) and the 
evaluation of that data are most useful when considered immediately after collection. Analysis 
of the data will become more difficult and less certain with time. In order to provide 
contemporary information, this plan is updated annually. The data, evaluations, and support 
plans may be updated more frequently. This document is not intended to be used as a final plan 
for construction. Detailed plans are developed specifically for that purpose. 
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1.1 PURPOSE STATEMENT 

This Long-Term Ground Control Plan provides a strategy for development and selection of 
the most applicable and efficient means of maintaining and monitoring the ground conditions 
of the Waste Isolation Pilot Plant in order to assure safe and operational conditions from the 
present ti.me to closure of the facility. 

1.2 SCOPE 

Issues associated with the stability of the roof of the underground facility are the primary 
focus of this document. Stability of the four shafts is mentioned with regard to routine 
maintenance. Conditions of the ribs and floor are discussed briefly with respect to their 
relationship to the roof. Also presented are methods by which proposed support systems and 
materials are and will continue to be evaluated and utilized. Chapter 2.0 presents the design 
criteria which form the bases for ground control system selection decisions. Section 2.1 
addresses criteria documented in the Design Validation Final Report, and Section 2.2 
establishes design criteria for a long-term support system. Chapter 3.0 presents an overall 
summary of the current geotechnical and operational status of the underground facility. 
Chapter 4.0 briefly describes the operational requirements of specific areas by their categorical 
designation. Chapter 5.0 presents an overview of the rock mechanics mechanisms which impact 
the design of a ground control system. Chapter 6.0 presents methods and results of the latest 
geotechnical evaluation of the underground openings. Chapter 7.0 describes the current 
geotechnical monitoring program at the WIPP as it relates to ground control. Chapter 8.0 
describes alternatives or supplements to standard ground control systems. Chapter 9.0 
addresses rockbolt failures. Chapter 10.0 provides an overview of ground support systems that 
are being or have been evaluated for use at the WIPP. Chapter 11.0 presents conclusions which 
are the foundation for the planned and recommended actions outlined in Chapter 12.0. 
Appendix A presents general information on ground support components. Appendix B is a 
proposed testing program for further evaluation of potential components and systems. 

1.3 BACKGROUND 

Sinking of the Salt Handling Shaft began in 1981 and was followed by the initiation of 
underground excavation in 1982. Since 1982, approximately 7 miles ( 11.27 kilometers) of drifts, 
rooms, and alcoves have been mined. The current age of the existing openings combined with 
the life expectancy of the facility necessitates a comprehensive maintenance program to address 
ground control issues. The roof in the underground receives the greatest amount of attention 
because the structural integrity of the roof is a safety as well as an operational concern. The 
ribs and floor are also subject to creep deformation effects and require periodic maintenance 
such as scaling and milling. 
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The excavations at the WIPP vary in age, geometry, geology, and operational use. These 
differences affect the selection of ground control systems, but the greatest impact on selection 
is the ability of the salt to creep or flow with time, thus exerting tremendous forces, both 
vertical and horizontal, on any control mechanism. During the period of time that the 
underground has been active, a variety of ground control issues have been encountered ranging 
from minor spalling to roof falls. In general, ground control issues before 1989 were addressed 
on a case-by-case basis as they were identified. During 1989 and 1990, the roof in the majority 
of the underground openings was pattern bolted with 10-foot-long (3.05-meter-long) mechanical 
anchor rockbolts. Since that time, a comprehensive ground control program has been developed. 
This program consists of many aspects which include continuous visual inspections of the 
underground openings, extensive geomechanical monitoring, numerical modeling, analysis of 
rockbolt failures, implementation of ground control procedures, and comprehensive in situ and 
laboratory testing and evaluation of ground control components and systems. 

1.3.1 Ground Control History 

From a safety standpoint, ground control issues have been addressed since mining of the 
underground began. Excluding issues associated with the shafts, the first matters of concern 
were minor spalls or thin slabs. Generally, these were isolated areas with thin slabs (about 
6 inches (0.15 meters) or less). These areas were mined out if possible. If the excavation 
tolerances of an area made it impractical to mine or scale the zone or if the slab was too thick, 
the affected area was spot bolted. Most spot bolting was performed with 2-foot-long (0.61-meter
long) mechanical anchor rockbolts. Spot bolting addressed the immediate safety concern. 

When excavations are young, they are relatively stable and do not require a great deal of 
maintenance. As openings age, fracturing begins to occur at the corners of pillars. These 
fractures are monitored and material is scaled off if it presents a safety concern. A program is 
established to miter, bolt, and mesh all of the pillar corners. 

In 1985, while drilling 36-inch-diameter (0.91-meter-diameter) boreholes in the floor of Site 
Preliminary Design Validation (SPDV) Room 3, large open fractures (several inches in some 
areas) associated with the anhydrite layer, Marker Bed 139 (MB139), were discovered. 
Separations at the salt/anhydrite interface as well as fractures within the 3-foot-thick 
(0.91-meter-thick) anhydrite layer itself were evident. In May of 1986, the Excavations Effects 
Program was initiated. This program, which remains an integral part of the overall 
geotechnical program, consists of boreholes drilled into the floor and roof at selected locations 
throughout the facility for monitoring the development of fractures, separations, and offsets. 

From September 1987 to February 1988, the roof beam below Clay G at the Salt Handling 
Shaft station was removed with a scaling machine. This action was taken because of observed 
displacements, separations, and fractures in boreholes in the shaft station roof. 
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During 1989 and 1990, the roof in the majority of the underground openings was pattern 
bolted with 10-foot-long (3.05-meter-long), 3/4-inch-diameter ( 19-millimeter-diameter) 
mechanical anchor rockbolts. Since that time, a variety of ground control actions have been 
taken to address specific areas on a case-by-case basis and a comprehensive ground control 
program was developed. A historical summary of excavation effects can be found in the GAR 
[DOE, 1995]. 

SPDV Rooms 1 and 2 were closed and barricaded in April and May of 1989, respectively, to 
allow for safe monitoring of deteriorating ground conditions. This action was prompted by 
monitoring data, fracture mapping, and confirmation by drilling of an extensive continuous 
fracture system in the roof of these rooms. Roof support in th~se rooms was limited to 
mechanical anchor rockbolts 2 feet (0.61 meter) in length and chain-link mesh to control 
spalling. On February 4, 1991, a predicted roof fall estimated at approximately 700 tons (636 
metric tons) occurred in SPDV Room 1. The fall had a triangular cross section, and covered an 
area 33 feet (10.06 meters) in width by 180 feet (54.86 meters) in length and was about 7 feet 
(2.13 meters) thick at its apex. A roof fall occurred in SPDV Room 2 in June of 1994. This roof 
fall was comparable in size to the one in SPDV Room 1. As with Room 1, the fall was 
anticipated and predicted which allowed for the event to be videotaped as it occurred. 

The A and B series test rooms also experienced roof control problems. These rooms were 
heated to accelerate closure rates. Rockbolting of these rooms was minimal (spot bolting only). 
The experimental nature of the rooms and the massive amount of instrumentation they 
contained precluded installation of significant ground control mechanisms which could affect 
data results. Access to the rooms was controlled and eventually the rooms were closed to access. 
The first roof fall at the WIPP occurred in Room A2 on June 19, 1990. Since that time, there 
have been roof falls in all of the A rooms. The roof falls consisted of slabs approximately 
18 inches (0.46 meter) thick. 

1.3.2 Annual Evaluation 

A thorough evaluation of the ground conditions and support systems throughout the facility 
is performed annually. Some areas are evaluated on a more frequent schedule as determined 
necessary. The last annual evaluation was performed in the fall of 1994. This evaluation 
provides information to address the near-term ground control needs as well as the requirements 
of this long-term plan. A comprehensive annual evaluation of in situ conditions and a regular 
evaluation of activities set forth in this LTGCP serves as a means of tracking the results of the 
planned ground control program. 
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2.0 GROUND CONTROL DESIGN AND SELECTION CRITERIA 

Specific design criteria were originally established for the WIPP site and are documented 
in the Design Validation Final Report, [DOE, 1986]. Some of the design criteria directly or 
indirectly affect or are related to ground control activities. The Bechtel document has been 
superseded by the Systems Design Description (SDD) documents. Section 2.1 discusses the logic 
supporting that project decision. 

Three basic options are available to address potential unstable ground conditions. Those 
options are: (1) support the ground, (2) remove the ground, or (3) discontinue access. 
Section 2.2 establishes updated criteria for long-term support system design. Sections 2.3 and 
2.4 present criteria to be evaluated when considering beam removal or closure of an area, 
respectively. Ground control criteria are based on long-term objectives, experience, performance 
of existing systems, laboratory and in situ tests of selected ground control components and/or 
systems, numerical analysis, and site-specific geotechnical data which has been accumulated 
since the site was opened. 

2.1 SYSTEM DESIGN DESCRIPTION DOCUMENTS 

The Design Validation Final Report supported the decision to proceed with Title II 
construction of the WIPP site. The necessary design information contained in the report was 
reflected in the Bechtel Design Basis (BDB) [DOE, 1980; 1982; 1983] which described the 
specifications to which the WIPP was subsequently constructed. To provide a more 
comprehensive basis upon which to manage and control the configuration of the WIPP during 
operation, the SDDs were developed. The design requirements contained within the individual 
BDBs are included in the associated SDD. However, in addition to describing the design 
requirements, the more comprehensive SDDs also provide a very detailed design description. 
The development and use of the SDDs ensures that the configuration of the WIPP is 
maintained, changed, and recorded in accordance with sound engineering practices. The need 
to use the Design Validation Final Report and the BDB as controlling documents is superseded, 
and these documents are now historical records. Current engineering efforts, including design 
modifications, use the SDDs as the design baseline information documents. 

In accordance with the design requirements set forth in the System Design Description, 
Plant Buildings, Facilities and Miscellaneous Equipment, SDD-CFOO [DOE, 1993a], the design 
of ground control systems shall provide ground control instrumentation and equipment capable 
of monitoring ground stability and roof support adequacy. The ground control system shall 
provide a concerted and centralized activity with responsibility to ensure maintenance of safe 
conditions for personnel and equipment and to provide a continuing assessment of capabilities 
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of the underground openings to allow completion of the underground experimentation and waste 
storage activities. 

2.2 LONG-TERM SUPPORT SYSTEM DESI::::"' CRITERIA 

Geotechnical data indicates that rockbolt systems in general have little or no measurable 
effect on creep closure. It is not clear what effect rockbolting of the roof beam has on fracture 
development mechanisms. The mechanism of creep or the ability of the salt to flow is driven 
by differential stresses. For simple computational purposes, the lithostatic stress at the 
repository horizon is assumed to be approximately 2,000 psi ( 13.8 MPa). When dealing with 
stresses of this magnitude, it is nearly impossible from an engineering standpoint and 
impractical from an economics standpoint to design and install a mine-wide ground control 
system that would arrest the forces that arise from these stresses. It is preferable to use a 
yielding support system that adjusts to the creep, yet still retains the strength to support the 
deadweight load of a detached mass of salt. The extent of creep-related deformation and the 
possibility of corrosion effects that may occur over long periods of time present unique design 
considerations for this yielding system. 

New design criteria were established for the supplementary support system which was 
installed in Room 1, Panel 1. These criteria (with additions to address corrosion, yield, and 
failure mechanisms) are applicable to a yielding long-term system. The geotechnical design 
basis follows: 

• The support system shall support the deadweight load of the detached roof beam. 

• The support system shall accommodate vertical movements of the roof. 

• The support system shall accommodate lateral offset in the roof. 

• The support system should be resistant to corrosion effects affecting system integrity. 

• The yielding component of a yielding support system should be monitorable. 

• The support system should be monitorable for component failure. 

2.2.1 Deadwelght Load 

Any ground support system shall be designed to support the deadweight load of the roof 
beam in the area in which the system is to be installed. The roof beam is defined as the section 
of salt that exists between the roof of the excavation and the first anhydrite/clay seam that is 
encountered above the roof. The dead weight load of the roof beam is calculated by the following 
volume/density equation: 
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where: 

W x H x L x D : ADWL 

W : width of excavation 

H : vertical thickness of roof beam 

L = length of area to be supported 

D : density of salt ( 135 lbs/cubic foot) 

ADWL = areal deadweight load. 

Observations of the roof falls in SPDV Rooms 1and2 indicate that a wedge-shaped section 
of rock will most likely require support. The wedge geometry consists of an arched or triangular 
shape that forms from low-angle fractures starting near the ribs whose propagation is bounded 
and controlled by the bed separation occurring at Anhydrite "b" [DOE, 1991b]. Fractures 
observed near ribs and within observation boreholes at several locations throughout the facility 
provide additional data which is consistent with this phenomenon. With this failure mode being 
typical, design based on a rectangular-shaped section of rock is conservative. As a result, the 
center bolts are more critical to the integrity of the design than those near the ribs. 

2.2.2 Beam Expansion 

Roof beam expansion is a time-related phenomenon of creep which exerts axial loads on 
bolts installed normal to the bed (i.e., horizontal compression caused by creep results in a 
vertical expansion of the beam). Normal displacements (beam expansion plus separation at 
Anhydrite "b") are typically greatest at the midspan location. The displacement rates for 
support system design will be based on established geotechnical data for the specific area in 
which a system is to be installed. A long-term ground control system should be able to respond 
to this loading effect by yielding at a designed load below the yield strength of the affected 
components while maintaining the ability to support the deadweight load of the roof beam. 

2.2.3 Lateral Offset 

Lateral displacements occur at clay-seam strata interfaces and/or discrete fractures within 
the immediate roof beam. This displacement is typically greatest near the ribs and decreases 
towards the longitudinal centerline of the room. The long-term support system should be 
designed to accommodate a lateral shift, the magnitude of which is based on in situ data for the 
specific area in which a support system is to be installed. 
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2.2.4 Corrosion Resistance 

Studies on failed rockbolts from the WIPP site indicate that corrosion effects are at least 
partly responsible for some premature bolt failures [Lucas, 1984; Chua and Lovato, 1994]. 
Corrosion may not be a major concern with respect to rigid or semirigid support systems with 
limited life spans. For example, a rigid system may fail as a result of creep-related strains 
before corrosion has a detrimental effect. However, if a support system is designed with 
yielding components which allow for an extended period of performance, that system, if 
unprotected, may fail because of corrosion processes. The longer a system is functional, the 
more susceptible it will be to the corrosion process. Long-term ground control systems should 
address corrosion protection. 

2.2.5 Yielding Component Location 

The first beam above the roof experiences the largest expansion rates, and consequently, the 
largest offset rates. The criteria for a system to accommodate vertical and lateral displacements 
implies that a system designed for the long term have yielding components. The lateral offsets 
above the roof result in pinchpoints which may restrict yield. Because the anchor horizon is 
located above the zones of offset, it is preferred that a yielding-type long-term ground control 
system have its yielding components within the roof beam or at the collar. An anchor-based 
yielding system cannot cope with beam-induced and parting separation deformations. It is also 
preferable that the yielding components of a yielding-type system be monitorable (preferably 
visually) in order to determine that they are performing as designed. 

2.2.6 Monltorable Component Failure 

There should be some means to determine if a system component has failed (e.g., a bolt head 
has broken). An example of a system which is not monitorable for failure is a fully grouted 
rockbolt. Fully encapsulating a rockbolt in grout or resin produces a more rigid system which 
then has a greater susceptibility to failure from vertical and lateral deformations. Because 
there is no way to tell if a full-length anchored bolt has failed at some point along its length, 
full column grouting is not recommended at the WIPP at this time. Point anchoring above the 
first clay seam is pref erred. 

2.3 REMOVAL OF GROUND (BEAM REMOVAL) 

The majority of ground control activities are associated with maintaining the beam of salt 
which lies between the roof and the first anhydrite/clay seam. Because initial in situ vertical 
and horizontal stresses are assumed to be equal and the clay seam effectively isolates the beam 
of salt from the upper stratigraphy, the beam acts similar to a yielding pillar. Depending on 
the dimensions of the opening, local geology, and possibly other factors, the beam will continue 
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to yield indefinitely via the creep process or it will yield to a point where it fails. This failure 
is manifested in low-angle fractures terminating at the first clay seam, vertical fractures, and 
increased asymmetric closure rates. 

While a beam is yielding, it is relieving and redistributing stresses and the resultant strains 
which would otherwise be affecting surrounding rock. Once a beam becomes fractured to a point 
where it has effectively failed, it no longer provides the function of stress and strain relief and 
serves only as a continuing safety and maintenance issue. Beams or sections of beams which 
have extensive fracturing should be considered for removal. Removing the roof beam increases 
the size of the opening, but because the initial stresses have been relieved, the removal does not 
initiate new ground movements. Safety, economic, and operational criteria need to be evaluated 
when considering a ground removal option. The consequences of not removing a fractured beam 
can be measured in increasing maintenance costs, decreased safety, and unplanned restricted 
access to affected areas. Some of the items which may be considered follow: 

2.3.1 Safety ·criteria 

Personnel safety is the main driver in determining the type and degree of ground control 
to be implemented in any particular area. Safety criteria to be considered when evaluating a 
ground removal (beam removal) option include: 

1. Safety issues associated with the openings current condition. Conditions may exist that 
make installation of a standard support system hazardous. 

2. The ability of standard or available ground support measures to alleviate the identified 
safety issues. If the identified safety concern can be remedied by installing a few 
rockbolts it may not be reasonable to consider beam removal. 

3. The effects of the beam removal on the remaining rock. Consideration should be given 
to the method of beam removal to assure that the remaining rock is not damaged to a 
degree that it then becomes a safety concern. 

4. The safety benefits resulting from removal of the salt beam. Additional benefits of beam 
removal, such as removal of old ground support components, should be evaluated. 

2.3.2 Economic Criteria 

Secondary to safety are economic considerations related to beam removal. Economic criteria 
to be considered when evaluating the beam removal option include: 

1. Cost benefits of removal compared to additional ground support and continuous mainte
nance. This comparison should include the requirement that some type of support 
system will be installed in the area where the ground was removed. 

2. Closure rates and the life expectancy of an area may. require additional excavation at 
some point in the life of the area regardless of ground stability issues. In other words 
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the opening may require additional excavation at some point in the future to maintain 
operational clearances. It may be prudent to remove the material now rather than 
providing extensive support measures that will, in any case, be removed. 

3. Safety concerns such that economic considerations should not be a factor (i.e., will 
removal of the beam provide a safety factor which should be considered regardless of a 
cost benefit). 

2.3.3 Operational Criteria 

Operational criteria to consider when evaluating the beam removal option include: 

1. Removal technique to be used (e.g., scaling machine, roadheader, or explosives). The 
technique to be employed will affect safety requirements, equipment requirements, and 
personnel requirements. 

2. Impact of temporary closure of the proposed area on other ongoing operations. For 
example, E ~40 is a main transportation and utility route, closure of a portion of the drift 
after receipt of waste may have adverse effects on the waste emplacement schedule. 

3. Availability of resources. Beam removal, especially with respect to a large area, is a 
major operation. Time for personnel and equipment must be allocated for an extended 
period which may affect other proposed or ongoing operations. 

4. Removal and storage of waste salt generated. 

2.4 AREA CLOSURE 

To eliminate maintenance requirements as well as safety concerns, a decision may be made 
to close a specific area to access. Closing an area to access may be considered temporary or 
permanent. The option of temporarily closing an area has been exercised with respect to the 
test alcoves in Panel 1 and the E140 drift south of 82180. One of the alcoves in Panel 1 was 
reopened to perform a backfill demonstration and the E140 drift south of 82180 will be reopened 
to allow for waste emplacement. The option to permanently close an area has been exercised 
with respect to several experimental areas. The northeast section of the experimental area is 
currently scheduled for permanent closure. Areas that are classified as permanently closed 
could be reopened, although this option it is not anticipated. Opening any area which has been 
closed must be performed in a safe manner and in accordance with Mine Safety and Health 
Administration (MSHA) regulations. 

The decision to close an area of the facility is an administrative decision. However, input 
from all affected or knowledgeable groups should be elicited and evaluated as part of the 
decision process. Area closure criteria to be considered includes: 
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1. Safety issues associated with ground control can be eliminated by closing an area to 

access. However, if an area may be reopened, the safety concerns could worsen and be 
·more difficult to remediate, if left unattended. 

2. Cost comparison between continuous maintenance and rehabilitation of the area at a 
later time. The deterioration of an excavation that is not maintained may reach a point 
that rehabilitation becomes economically prohibitive. 

3. The impact associated with the loss of an area for use. Space is a valuable commodity 
in the underground facility, and new excavation is difficult to justify. Loss of 
geotechn:ical data, storage space, and testing space as well as possible requirements for 
future use should be evaluated. 
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3.0 CURRENT STATUS 

For the purpose of ground control activities, the underground facility at the WIPP site has 
been divided into zones. These zones facilitate evaluation and documentation of the status and 
conditions of the underground on a detailed basis. Figure 3-1 presents a layout of the facility 
with the numeric identification of each zone. The ground control zones are listed by number 
and location name in Table 3-1. This section presents the current status of each zone. The 
current status .refers to the physical state of a zone with respect to location, opening geometry, 
excavation age, ground support, and operational use. The projected life of the zone based on its 
operational use is also presented. 

A database has been developed which documents the current status of each ground control 
zone. This database, largely presented in Table 3-1, is a valuable source of information when 
making ground control decisions. 

3.1 GEOLOGY 

The underground facility horizon lies within a 40-foot-thick (12.19-meter-thick) interval of 
the Salado Formation. A detailed discussion of the Salado Formation will not be presented here, 
but the basic constituents are halite, argillaceous halite, and polyhalitic halite. A detailed 
geologic discussion of the Salado Formation, with respect to the facility horizon, can be fow: . 
in Geotechnical Activities In The Waste Handling Shafi, Waste Isolation Pilot Plant (WIPF) 
Project, Southeastern New Mexico [Holt and Powers, 1984]. Two specific horizons located within 
the facility horizon are addressed in this plan: the repository horizon and the experimental 
horizon. Within these horizons are seams of anhydrite and clay which have a significant impact 
on the stability of openings as well as the selection of ground control systems. A generalized 
stratigraphic column with the repository and experimental horizons shown is presented in 
Figure 3-2. 

The geology in the shafts consists of a varied stratigraphic column which runs from the 
surface to approximately 2,200 feet (670 meters) below tL ,.~1.rface. A comprehensive geologic 
mapping of the Air Intake Shaft (AIS) was conducted from September 14, 1988, through 
November 14, 1989 [Holt and Powers, 1990]. 

3.1.1 Repository Horizon 

The stratigraphic location within the Salado Formation chosen for mining of the Waste 
Storage Rooms is referred to as the repository horizon. Over 90 pereent of the underground 
openings are located within the repository horizon. A 20-inch-thick to 32-inch-thick (0.51-meter
thick to 0.81-meter-thick) persistent bed of anhydrite, identified .as MB139, lies about 5 feet 
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Table 3·1. Underground Assessment Zones - Statistical Information (Page 1 of 3) 

Area 
Nuaber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 ,, 
12 
13 
14 
15 
15 
16 
17 
18 
t9 
20 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
32 
33 
34 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

ROOM 1 PANEL 1 
ROOM 2 PANEL 1 
ROOM 3 PANEL 1 
ROOM 4 PANEL 1 
ROOM 5 PANEL 1 
Rmt 6 PANEL 1 
Rmt 7 PANEL 1 
S1950 PANEL 1 
S1600 R4·R7 PANEL 1 
S1600 R1·R4 PANEL 1 
S1950 PANEL 1 ENTRY 
S1600 PANEL 1 EHTRY 
E300 S1950·S2180 
E300 OVERCAST·S1950 
E300 S1300·S1600 
E300 S1600·S1950 
E300 5400·S1300 
E300 590·5400 
E300 S90·NZ50 
EXHST DRIFT E OF 300 
E140 S Of 2180 
E140 S2050·S2180 
E140 S1600·S2050 
E140 S1300·S1600 
E140 S1000·S1300 
E140 S700·S1000 
E140 5400·S700 
E140 590·S400 
E140 N400·590 
E140 N460·N1100 
E140 N1100·N1400 
WlO S1950·S2180 
WlO S1600·S1950 
WlO S1300·S1600 
WlO S1150·S1300 
S1150 BOOST FAN 
WlO 5400·S700 
WlO S700·S1150 
WlO 590·5400 
SALT SHAFT STATION 
EO SALT STA·N150 
EO N150·N460 
EO N460·N1100 
EO N1100·N1400 
W170 S1950·S2180 
W170 S1300·S1950 
W170 S700·S1300 
W170 S90·S700 
W170/N150 590/EO 
S2180 E140·E300 
S2180 E140·W170 
S1950 E140·W170 
S1600 E140·E300 

Opening 
Dimensions 

(ft) 

Use 

13X33 
13X33 
13X33 
13X33 
13X33 
13X33 
13X33 
13X33 
13X33 
13X33 
13X20 
12X14 
12X14 
15X19 
12X14 
12X14 
12X14 
12X14 
15XZ5 
12X20 
8X15 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
15XZ5 
12X14 
12X14 
12X14 
12X14 
20XZ5 
12X20 
1ZX14 
12X20 
20X33 
12XZ5 
1ZXZ5 
1ZXZ5 
1ZXZ5 
12X14 
1ZX14 
12X14 
1ZX14 
12X14 
13X20 
13X20 
12X14 
12X20 

WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
WASTE STOR 
HAULAGE 
VENTILATE 
VENTILATE 
VENTILATE 
VENTILATE 
VENTILATE 
VENTILATE 
VENTILATE 
SHOP 
VENTILATE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
STORAGE 
ACCESS 
ACCESS 
ACCESS 
ACCESS 
VENTILATE 
ACCESS 
ACCESS 
HAULAGE 
STATION 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
HAULAGE 
CIOSS DRFT 
CROSS DRFT 

Age Est. 
(yr) Life 

Cyr> 

9 
8 
8 
7 
7 
7 
7 
9 
8 
8 
10 
9 
9 
9 
9 
9 
10 
9 
2 ,, ,, 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
6 
9 
10 
10 
10 
10 
10 
12 
13 
12 
12 
12 
12 
6 
10 
10 
10 
10 
9 
6 
9 
9 

14 

I 
ST 
ST 
ST 
ST 
ST 
I 

LT 
LT 
LT. 
LT 
LT 
LT 
I 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 
LT 

Pett Bolt Bolt Bolt Pett Bolt Roof Beem 
Lentth Dt•. Type Spacing Dimensions 

(ft) ctn> (ft) (ft) 

13 
99 
10 
10 
12 
10 
12 
6 

13 
13 
6 
6 

10 
0 
6 

10 
10 
10 
0 

10 
0 
8 
8 
8 
8 
8 
8 

10 
10 
10 
10 
10 
10 
6 

10 
6 

10 
10 
10 
5 
6 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1.000 THRB 
9.999 VARY 
0.750 MECH 
0.000 VARY 
0.875 THRB 
0.750 MECH 
0.875 THRB 
0.625 MECH 
0.875 THRB 
0.875 THRB 
0.625 MECH 
0.625 MECH 
0.750 MECH 
0.000 NONE 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.000 NONE 
0.750 MECH 
0.000 UNIOI 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 

SPCIAL 
VARI OS 
4X4TRI 
VARI OS 
4X4SQ 
4X4TRI 
5X3.8T 
5X5TRI 
4X4SQ 
4X4T 
5X2.5T 
5X2.5T 
4X2TRI 
NONE 
5X2.5T 
5X2.5T 
5X2.5T 
6X3TRI 
NONE 
5X2.5T 
UNKNWN 
12X3TR 
12X3TR 
12X3TR 
12X3TR 
12X3TR 
12X3TR 
5X2.5T 
5X2.5T 
5X2.5T 
5X2.5T 
5X2.5T 
6X3TRI 
5X3TRI 
5X2.5T 
4X6SQ 

5X3TRI 
5X3TRI 
5X2.5T 
SXSTRI 
5X3TRI 
5X2.5T 
5X2.5T 
5X2.5T 
5X2.5T 
5X2.5T 
6X3TRI 
6X3TRI 
6X3TRI 
5X2.5T 
5X2.5T 
5X2.5T 
6X4TRI 

7X33 
7X33 
7X33 
7X33 
7X33 
7X33 
7X33 
7X33 
7X33 
7X33 
7X20 
8X14 
8X14 
5X19 
8X14 
8X14 
8X14 
8X14 
5XZ5 
8X20 
6X15 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
5XZ5 
8X14 
8X14 
8X14 
8X14 
7X25 
SXZD 
8X14 
sxzo 
7X33 
8XZ5 
8XZ5 
8XZ5 
8XZ5 
8X14 
8X14 
8X14 
8X14 
8X14 
7X20 
7X20 
8X14 
8X20 



Table 3-1. Underground Assessment Zones - Statistical Information (Page 2 of 3) 

ArH 
Nlld:Mr 

Opening 

Dimensions 

(ft) 

Us• Age Est. Patt Bolt Bolt Bolt Patt Bolt. Roof Beem 
(yr> Life Length Diem. Type Spec i ng D t lllef1S i ons 

(yr> (ft) <In> (ft) (ft) 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
61 
69 
70 
70 
T1 
n 
73 
74 
75 
76 
TT 
71 
79 

79 

80 
81 
82 
83 
84 
85 
86 
87 
81 
89 
90 
91 
92 
93 

S1600 E140·W30 
S1600 W30·W170 
S1300 E140·E300 
S1300 E140·W30 
51300 W30·W170 
51000 E140·E300 
51000 E140·W30 
S1000 W30·W170 
STOO E140·E300 
5700 E140·W30 
S700 W30·W1TO 
5400 E140·E300 
WASTE SHAFT STATION 
$90 E140·E300 
$90 EO·E140 
S90 W30·W170 
S90 1.1170·AIS 
S90 AIS·Q 
Q ALCOVE 
Q RCICl4 
AIS STATION a SHAFT 
AIS STATION LOW BRWS 
RCICl4 V 
AIS ACCESS N215 
N300 ED WEST 
E140 N460 ALCOVE 
ll460 EO·E140 
E140 N710 ALCOVE 
N780 EO·E140 SHOP 
N1100 EO·E140 
N1100 E140·E300 
111100 E300·RAMP 
111100 RAMP 
111100 RAMP·ROOM B 
N1100 RCICl4S B·D 
RCICl4 D 
RCICl4 M 
111400 RCICl4S A3·D 
RCICl4 C·1 
RCICl4 C·2 
N1400 RCICl4S A1·A3 
111400 RCICl4S A1·B 
111400 RAMP-ROOM B 
11~400 RAMP 
N1400 E140·RAMP 
N1100 EO·SPDV RM1 

12X99 
12X20 
12X25 
14X20 
14X20 
12X20 
12X25 
1ZX33 
13X33 
12X20 
12X32 
VARIES 
16X22 
8X12 
12X25 
12X14 
12X14 
12X20 
15X30 
9.5RNO 
18X25 
13X25 
12X25 
13X25 
13X25 
13X25 
13X25 
13X25 
13X25 
12X14 
12X24 
9X14 
9X14 
9X14 
9X14 
18X18 
11X24 
12X14 
18X18 
18X18 
12X14 
12X14 
12X14 
12X14 
12X14 
12X20 

94 111100 SPDV ROOMS 1·4 12X20 
95 RCICl4 G AND G ACCESS 10X20 
91 SPDV RCICl4 4 13x33 
98 RCICl4 L·4 13X33 

CROSS DRFT 
CROSS DRFT 
VENTILATE 
SHOP 
SHOP 
CROSS DRFT 
CROSS DRFT 
OFFICES 
VENTILATE 
HAULAGE 
OFFICES 
VENTILATE 
STATION 
ACCESS 
ELECT SUBS 

ACCESS 
VENTILATE 
EXPERIMENT 
EXPERIMEMT 
EXPERIMENT 
STATION 
STATION 
EXPERIMEMT 
VENTILATE 
VENTILATE 
SALT STOR 
VENTILATE 
SALT STOR 
SHOP 
ACCESS 
ACCESS 

ACCESS 
ACCESS 
ACCESS 
ACCESS 
EXPERIMENT 
EXPERIMEMT 
EXPERIMENT 
EXPERIMEMT 
ACCESS 
ACCESS 
ACCESS 
ACCESS 
ACCESS 
ACCESS 
ACCESS 

11 
9 
11 
10 
10 
9 
10 
9 
11 
9 
10 
11 
12 
9 
9 
10 
6 
6 
6 
4 

5 
6 
6 
6 
6 
3 
12 
3 
12 
12 ,, ,, 
11 
11 ,, ,, 
11 ,, 
11 
11 
11 ,, 
11 
11 
11 
12 

LT 
LT 
LT 
I 
LT 

·1 

ST 
ST 
ST 
LT 
LT 
ST 
LT 
LT 
I 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
I 

ACCESS 12 
EXPERIMENT 11 
ACCESS 12 ST 
EXPERIMENT 6 ST 

99 RCICl4 L-3 
100 RCICl4 L·2 
101 ROOM L·1 

13X33 EXPERIMENT 6 ST 
13X33 EXPERIMENT 6 ST 
13X33 EXPERJMENT 11 I 

15 

10 
10 
10 
6 

99 
10 
10 
99 
10 
10 
6 

10 
10 
10 
0 

10 
10 
10 
6 
0 

12 
6 
4 

1D 
10 
10 
10 
10 
10 
10 
6 

10 
6 
6 
6 

10 
4 

6 
0 
0 

6 
6 
6 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

0.750 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
9.999 MECH 
0.750 MECH 
0.750 MECH 
9.999 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.000 NONE 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
0.000 NONE 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.875 THRB 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.625 MECH 
0.625 MECH 
0.625 MECH 
0.750 MECH 
0.625 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 
0.750 MECH 

5X3TRI 
5XZ.5T 
5X3TRI 
6X3TRI 
4X2TRI 
5X5TRI 
5X2.5T 
4X4SQ 
5X5TRI 
6X3TRI 
5X2.5T 
5X3TRI 
5X5TRI 
5X2.5T 
NONE 
5X2.ST 
6X3TRI 
6X3TRI 
6X6TRI 
NONE 
6X6TRI 
6X6TRI 
5X2.5T 
5X2.5T 
5X3TRI 
5X2.ST 
6X3TRI 
5X2.ST 
5X2.5T 
4X5TRI 
5X2.ST 
5XSTRI 
5X2.ST 
5X2.ST 
5X2.ST 
SXSTRI 
SX5SQ 
4X3TRI 
5X2.ST 
5X3TRI 
4X3TRI 
5X3TRI 
4X3TRI 
5X2.ST 
SX2.ST 
5X5TRI 
5X5TRI 
VARI OS 
SXSTRI 
SX2.ST 

8X20/27 
8X20 
8X25 
6X20 
6X20 
8X20 
8X25 
8X33 
7X33 
8X20 
8X32 
VARIES 
4X22 
12X12 
8X25 
8X14 
8X14 
8X20 
SX30 
N/A 
7X25 
7X25 
8X25 
7X25 
7XZ5 
7XZ5 
7XZ5 
7XZ5 
7XZ5 
8X14 
8X24 
8X14 
VARIES 
8X14 
8X14 
SX14 
6X24 
SX14 
5X14 
SX14 
5X14 
5X14 
SX14 
VARIES 
8X14 
8X20 
8X20 
10X20 
7X33 
7X33 

0.750 MECH 5X2.ST 7X33 
0.750 MECH 4X2TRI 7X33 
0.750 MECH SXZ.ST 7X33 



Table 3-1. Underground Assessment Zones - Statistical Information (Page 3 of 3) 

Area Area Opening Uaa Age Eat. Pitt Bolt 
Nl.lltler Description Dimensions (yr> Life Length 

(ft) (yr) (ft) 

102 N1400 EO·E140 12X20 ACCESS 11 10 
103 N1400 EO·ROOH L1 12X20 ACCESS 12 10 
104 N1400 ROCMS L1·L4 12X20 ACCESS 12 10 
105 E300 N1100·1400 SHOP 13X33 SHOP 12 ST 10 
106 ROCM J 12X23 SALT STOR 11 ST 10 
108 ROCM H ACCESS 10X11 EXPERIMENT 11 99 
109 ROCM H 10X36 EXPERIMENT 10 99 
110 EO N940 ALCOVE 12X14 STORAGE 6 10 
111 EO N620 ALCOVE 12X25 OFFICES 6 LT 10 
112 W170 CORE STORAGE 13X25 STORAGE 6 ST 10 
113 EO N150 OVERCAST OVER CST VEN ITU TE 8 LT 10 

Note: For eY11luatlon purposes Zone 96 was combined with Zone 95 and 
Zone 107 was combined with Zone 94. 

Bolt Bolt Pitt Bolt 
DI•. Type Spicing 
Ctn> (ft) 

0.750 MECH 5X2.5T 
0.750 MECH 5X2.5T 
0.750 MECH 4X4TRI 
0.750 MECH 5X2.5T 
0.750 MECH 4X4TRI 
9.999 MECH SXSTRI 
9.999 MECH SXSTRI 
0.750 MECH 6x3TRI 
0.625 MECH 5X2.5T 
0.750 MECH 5X2.5T 
0.750 MECH 4X4SQ 

Zeros (e.g. 0.000) in a r.J11erical colUin indicate no information available. 
Nines <e.g. 9.999) in a r.J11erical colurn indicate aul tlple types or dimensions. 

Key: ST • Shon· Term 
I · Intermediate 
LT - Lonv·Term 

THRB • Threlded Bar Bolt 
MECH • Mechanical Anchor 
TRI · Triangular 
T • Triangular 
SQ • $4Mre 

<Refer to text for detailed definition) 
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Roof Be• 
Dimensions 

(ft) 

8X20 
8X20 
8X20 
7X33 
8X23 
10X11 
1DX36 
8X14 
8X25 
7X25 
7lC 
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( 1.52 meters) below the floor throughout the repository horizon. Lateral variability in 
composition and thickness exists within this anhydrite bed at both repository and regional scale. 
MB 139 is underlain by Clay E. 

Anhydrite "a," located about 13 feet (4 meters) above the roof at the repository horizon, 
based on an excavation 13 feet (4 meters) high, is underlain by Clay H, while Anhydrite "b," 
located about 6.5 feet (2 meters) above the roof at this horizon, is underlain by Clay G. Clay F 
is found just below the roof elevation in most excavations. Anhydrite "a" is approximately 
8.5 inches (0.21 meter) thick, and Anhydrite "b" is approximately 2.5 inches (0.06 meter) thick. 
The clay seams associated with the anhydrite layers are approximately 0.25 inch (6.35 milli
meters) thick. Clay F is not a well defined seam but is laterally discontinuous within the halite. 
The clay layers provide a surface along which slip and separation can occur; whereas, MB 139 
is a brittle unit that does not deform plastically. In addition, the undulating top of the marker 
bed resists shear movement along the interface with the overlying salt [DOE, 1993b]. 

3.1.2 Experimental Horizon 

The area which lies within the experimental horizon is located in the northeast section of 
the facility. Anhydrite "b" is near floor level in the experimental horizon whichis stratigraphi
cally about 19.5 feet (5.94 meters) higher than the floor of the repository horizon. Although this 
horizon is designated the experimental horizon, not all experimental work is carried out here. 
A variety of experimental activity takes place at the repository horizon (e.g., Room Q and the 
SPDV rooms). The experimental horizon is scheduled for closure by July 1, 1995 [Daub, 1995]. 

3.2 GEOMETRY 

The layout and cross-sectional areas of the various drifts, rooms, and alcoves in the 
underground differ, primarily as a function of use. Almost all of the underground openings are 
rectangular in shape. The geometry of an opening as well as the layout and geometry of 
surrounding excavations play a role in the stability of that opening. The opening dimensions 
of each zone are given in Table 3-1. The dimensions listed are generally "as mined" and may 
vary because of original mining tolerance, creep-related closure, and maintenance activities such 
as scaling and milling. A beam of salt is formed between the roof of an excavation and the 
nearest anhydrite or clay seam above it. The roof beam thickness is a factor in long-term roof 
stability. The thickness of the beam is determined by the height and stratigraphic location of 
the excavation. 

Historical geotechnical data on the stability of openings of various geometries are being 
evaluated. It may be possible to mine some excavations to geometries which enhance their long
term stability. The intended use of an area must be considered when designing its geometry. 
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For existing openings and future excavations, support systems will be designed based on the 
closure rates, beam thickness, and level of fracturing for those geometries. 

3.3 EXCAVATION AGE 

Excavation of the underground facility began in 1982, and over 60 percent of the existing 
openings had been completed by the end of 1984. The average age of an opening is 9.5 years, 
with some openings being over 12 years old. Table 3-1 lists the current age of each ground 
control area. The age of an excavation, taken together with its geometry and stratigraphic 
location, is important with respect to ground control because of the amount of deformation which 
has already occurred and the amount which is anticipated to occur during its projected life. 

Some underground openings at WIPP must stay accessible for long periods of time; up to 
an anticipated life of 40 years for some main entries. The 40-year life is based on 12 years since 
excavation, 3 years until receipt of waste, and a 25-year operational life after receipt of waste. 
With this time frame in mind, support systems must be designed to accommodate creep 
deformation and to support the beam (if it becomes detached). The age of an excavation at the 
time a support system is installed and the age of systems already installed are factors that are 
considered when evaluating the long-term effectiveness of those systems. 

3.3.1 Prolected Life of Zones 

Based primarily on operational use and projections for receipt of waste presented in the 
WIPP Disposal Decision Plan (DDP), an estimated remaining life was assigned to each zone. 
The DDP which is included in the 1994 Panel 1 Utilization Plan, provides a timeline to receipt 
of waste [Westinghouse, 1994]. This timeline was used in formulating the projected estimated 
life of related zones. Three categories, short-term, intermediate, and long-term, were 
established for this purpose. The criteria for these designations are: 

• Short-Term (ST) - A projected life of less than 10 years. This designation includes 
individual experimental test rooms and waste storage rooms. 

• Intermediate (I) - A projected life of 10 to 15 years. Access and ventilation drifts to 
experimental test rooms receive this designation. Special use areas such as shops are 
also included here. Shops will be required for the life of the facility but because of 
various circumstances, it is assumed that they may be relocated periodically. 

• Long-Term (LT) - A projected life of up to 40 years or the life of the facility. This 
designation covers all areas which are critical to the long-term operation of the facility. 
Shaft stations, main ventilation drifts, and main access and haulage routes fall in this 
category. 
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These projections use the excavation date as a start ti.me. Although some areas such as 
Room G are close to 11 years old, at the current ti.me, they are still classified as short-term 
based on their proposed use. If the current use of an area changes or receipt of waste is delayed 
significantly, designations for specific zones may be adjusted (e.g., a short-term area may change 
to an intermediate). The designations serve as a planning tool only and should not be 
considered final. Table 3-1 lists the projected life of each zone. 

3.4 SHAFTS 

There are four operational shafts at the WIPP site: the Salt Handling Shaft, the Waste 
Shaft, the Exhaust Shaft, and the Air Intake Shaft (A!S}. These shafts provide access for 
personnel and materials, and routes for ventilation intake and exhaust air. 

3.4.1 Salt Handllng Shaft 

The oldest shaft at the WIPP is the Salt Handling Shaft, which was excavated from July 
through October 1981. This shaft was excavated with large-hole blind-drilling techniques. The 
station area at the bottom of the shaft was excavated with drill-and-blast methods until an 
adequate area was excavated to allow for a continuous miner to be downloaded and assembled. 

The Salt Handling Shaft is lined from the surface to approximately 880 feet (268 meters) 
below the surface with a 10-foot (3-meter) inside diameter steel casing. The casing terminates 
in a 37.5-foot-long (11.43-meter-long) reinforced-concrete structure which is keyed into the top 
of the Salado Formation. Pressure grouting was performed behind the liner to prevent water 
infiltration into the shaft. The nominal shaft diameter is 12 feet (3.66 meters) from the key to 
the bottom of the shaft sump at 2,298 feet (700 meters). The section of the shaft below the key 
is equipped with chain1ink mesh, where necessary, to prevent loose pieces of material from 
falling down the shaft. 

3.4.2 Waste Shaft 

The Waste Shaft began as a ventilation shaft which was raise bored from December 1981 
through February 1982. From October 1983 through June 1984, the shaft was enlarged to 
20-foot to 23-foot-diameter (6-meter to 7-meter-diameter) with drill and blast down-cast 
techniques. 

The Waste Shaft is lined with nonreinforced concrete from the surface to a depth of 837 feet 
(255 meters), where it ties into the shaft key. The Waste Shaft key is 63 feet (19.20 meters) 
long, 4.25 feet ( 1.30 meters} thick, and constructed ofreinforced concrete. The bottom of the key 
is located at a depth of 900 feet (27 4 meters), in the Salado Formation. Pressure grouting was 
performed behind the liner to prevent water infiltration into the shaft. The section of the shaft 
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below the key is 20 feet (6 meters) in diameter and enlarges to 23 feet (7 meters) just above the 
shaft station to a total depth of 2,272 feet ( 692 meters). The section of the shaft below the key 
is equipped with chain link mesh to prevent loose pieces of material from falling down the shaft. 

3.4.3 Exhaust Shaft 

The Exhaust Shaft was excavated from September 1983 through November 1984. The shaft 
was raise bored to a 6-foot-diameter (1.83-meter-diameter) and enlarged to a nominal diameter 
of 15 feet (4.57 meters) with drill and blast down-cast techniques. 

The Exhaust Shaft is lined with nonreinforced concrete from the surface to a depth of 
844 feet (257 meters), where it ties into the shaft key. The Exhaust Shaft key is 63 feet 
(19.20 meters) long, 3.5 feet (1.07 meters) thick, and constructed of reinforced concrete. The 
bottom of the key is located at a depth of 907 feet (276 meters), in the Salado Formation. 
Pressure grouting was performed behind the liner to prevent water infiltration into the shaft. 
The nominal diameter of the shaft below the key is 15 feet (4.57 meters). The section of the 
shaft below the key is equipped with wire mesh to prevent loose pieces of material from falling 
down the shaft. 

3.4.4 Air Intake Shaft (AIS) 

The AIS was excavated from December 1987 through August 1988. The shaft was raise 
bored to its final diameter of 20 feet ( 6.10 meters). 

The AIS is lined with nonreinf orced concrete from the surface to a depth of 822 feet 
(250 meters), where it ties into the shaft key. The AIS key is 81 feet (24.69 meters) long, 4 feet 
(1.22 meters) thick, and constructed of reinforced concrete. The bottom of the key is located at 
a depth of 903 feet (275 meters), in the Salado Formation. Pressure grouting and injection of 
a chemical seal ring were performed behind the liner to prevent water infiltration into the shaft. 
The nominal diameter of the shaft below the key is 20 feet ( 6.10 meters). The section of the 
shaft below the key is equipped with wire mesh to prevent loose pieces of material from falling 
down the shaft. 

3.5 EXISTING SUPPORT SYSTEMS 

All normally accessible areas of the underground, except Room Q, are currently rockbolted. 
However, the bolts in the East-300 shop area, located between S90 and N300, do not penetrate 
the first clay seam and are only intended to control spalling. Early in the life of the facility, 
spot bolting was used to address areas ofloose or spalling ground that could not be scaled. Most 
of this spot bolting was done with 2-foot <0.61-meter) bolts. Pattern bolting of the entire facility 
was initiated in 1989. Bolts 10 feet <3.05 meters) in length predominate, although some areas 
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have been bolted with 5-foot 0.52-meter), 6-foot (1.83-meter), and 8-foot (2.44-meter) bolts. 
Within the mechanical anchor rockbolt systems, 4 feet by 4 feet (1.22 meters by 1.22 meters) 
offset or 4 feet by 2 feet (1.22 meters by 0.61 meter) triangular patterns are the most common 
in the WIPP underground. 

Because of limitations of mechanical anchor rockbolts, more recent support system designs 
have focused on alternative types of rockbolts, primarily point-anchored threaded bar. Other 
systems, such as cable bolts and yielding systems, are being tested and evaluated. 

3.5.1 Room 1, Panel 1 

A supplemental support system was installed in Room 1, Panel 1, in preparation for 
proposed tests. The roof support system consists of three, 9-foot-long (2. 74-meter-long) sections 
of 15 x 40 steel channel placed end to end and installed laterally across Room 1on8-foot to 10-
foot (2.44-meter to 3.05-meter) centers. This channel assists in distributing loads, provides 
support oflacing and meshing, and serves as a surface plate to accommodate monitoring devices 
and allow detensioning of anchor loads. Ground support is provided with threaded bar 
rockbolts. Each channel set is secured by eleven, 13-foot-long (3.96-meter-long) No. 8 threaded 
bar bolts point anchored with a nominal 3.5-foot (1.07-meter) resin column from 8.0 to 11.5 feet 
(2.44 to 3.50 meters) in depth in relatively stable ground above Anhydrite "b." The anchor 
system of each bolt consists of a resin column from the upward end of the hole down to 
approximately Anhydrite "b." To allow for lateral offset, an oversized 3-inch-diameter (0.08 
meter-diameter) hole was drilled from each rockbolt hole collar to Anhydrite "b." The area 
between the channel support sets is covered by a network of5/8-inch-diameter(15.87-millimeter
diameter) wire rope underneath a mat of welded-steel wire mesh and expanded metal. This mat 
is held in place by the channel support sections and is designed to contain loose rock [DOE, 
1991a]. 

3.5.2 Room 2, Panel 1 

Room 2, Panel 1 is being used as a test room for various configurations of support systems. 
Resin point-anchored threaded bar bolt systems with and without channel as well as a cable 
mesh system are in place in this room. These configurations are variations on the Room 1, 
Panel 1 system. 

3.5.3 Room 4, Panel 1 

The north one-half of Room 4, Panel 1 was pattern bolted in 1994 with standard grade 60, 
7/8-inch-diameter (22-millimeter-diameter) threaded bar bolts point anchored with resin above 
the first clay seam (Clay G). The bolts were sized so that approximately 15 inches (0.38 meter) 
protrudes from the borehole. The bolts were fitted with 6-inch-square <0.15-meter-square), 
domed load-bearing plates and slipnuts manufactured by Dywidag Systems Inc. which are 
designed to yield with the creep closure of the room. The slipnuts are monitored closely as part 
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of their evaluation process. Several arrays of bolts within this pattern are fitted with strain 
gages, and several bolts incorporate load cells. 

3.5.4 Select Panel 1 Areas 

Areas in Panel 1 which include S 1600, Room 5, Room 7, and the south half of Room 4, are 
pattern bolted with standard grade 60, 7/8-inch-diameter (22-millimeter-diameter) threaded bar. 
The threaded bar bolts are point anchored with resin above Clay G and have a 6-inch-square 
(0.15-meter-square), domed load-bearing plate and full load nut. The rockbolt boreholes are 
oversized to 3 inches (0.08 meter) to the first clay seam to provide additional time before offset 
loading begins. Several arrays of bolts in Room 7 are equipped with strain gages, and selected 
bolts are instrwnented with load cells. 

3.5.5 East 140 Drift 

In some sections of the E140 drift, the existing mechanical anchor rockbolt pattern is 
supplemented with a threaded bar bolt and wire-rope grid system. The grids in place consist 
of 5/8-inch ( 15.87-millimeter) wire-rope pairs run diagonally across the drift to form a diamond 
pattern, or run transverse and longitudinally to form a square pattern. The wire-rope pairs are 
terminated at the rib/roof intersection with shoes and resin-anchored threaded bar bolts. Titan 
load indicators are incorporated into some of the systems to provide yield and monitoring 
capabilities. 

3.5.6 North 1400 Drift 

A threaded-bar-bolt truss system was installed in the N1400 drift from Room A3 to 
Room Cl. This system consists of resin-anchored threaded bar bolts emplaced at a 45-degree 
angle at the rib/roof intersection. Bolts placed directly opposite each other across the drift are 
connected with threaded bar which can then be tightened in a manner similar to a turnbuckle 
which places the roof beam into a state of compression. Titan load indicators are incorporated 
into the system to provide yield and monitoring capabilities. 

3.5.7 Room D 

Room D was pattern bolted with standard grade 60, 7/8-inch-diameter (22-millimeter
diameter) threaded bar. The threaded bar bolts are point anchored with resin and have 6-inch
square ( 0.15-meter-square), domed load-bearing plates and yielding slipnuts. Tensar mesh was 
placed on the roof and part way down the ribs. Fifteen bolts within this pattern (three rows of 
five each) are instrwnented with two strain gages each. In addition, selected bolts are 
instrumented with load cells. 
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3.5.8 Brows 

A brow is created at an intersection of roofs with different elevations. The brow which is 
formed may be vertical or may be mitered at an angle. Several brows throughout the facility 
are provided with supplemental support because of visual evidence of separation. Wooden 
cribbing is used in areas where access is not a problem. Steel straps or wire-rope cable systems 
are installed on brows at the Waste Shaft and AIS Shaft stations and some overcasts to provide 
additional support. A study is in progress to evaluate if there is a structural preference between 
a vertical brow and a brow cut at an angle. 

Brows in areas where access is restricted, which include the A and B series test rooms and 
Room D, have been supported with timber cribbing. Brows which were created by roof falls in 
SPDV Rooms 1 and 2 are also supported with timber cribbing. Cribbing in this area was 
installed to ensure that a major roof fall in these rooms did not propagate into the intersections. 
There is not an engineered brow supported by the cribs at any of the SPDV rooms. 

3.6 ROCKBOL T PATTERN DESIGN 

There are a variety of rockbolt patterns throughout the underground at the WIPP. The 
design of the patterns is based on the expected deadweight load of a detached roof beam. 
Table 3-1 lists the bolt patterns documented for each underground assessment zone (Pattern 
Bolt Spacing) as of November 1994. In general, the purpose of pattern bolting is to support the 
roof beam should it become detached as a result of stress-induced fracturing. The effects of rock 
creep on rockbolts creates a condition that is not common in standard design practice. 
Normally, a rockbolt pattern is designed such that the deadweight of the rock with a factor of 
safety does not exceed the yield limit of the bolts. At the WIPP, the mechanism of creep closure 
may put the bolts into yield as early as 1 year after installation, regardless of the number of 
bolts installed. This may happen sooner if the bolts are installed immediately after excavation 
when strain rates are greatest. The fact that rockbolts are in yield is not a problem in that they 
still retain adequate strength characteristics. However, the sooner the bolts reach their yield 
point, the shorter their effective life will be. Creep also produces lateral offsets of the strata at 
the first clay seam above the roof. The clay seam, with no inherent strength, facilitates a 
separation between the roof beam and the strata above it. Different stress conditions above and 
below the seam produce different strain rates which result in an offset at the stratigraphic 
boundary. This offset eventually places a nonaxial load on the bolts. Offsets can also be 
associated with specific fracture patterns which develop over time. Including creep as a 
parameter in the support system design complicates the support system selection process. In 
addition to the weight of the material to be supported, roof expansion rates, installation time 
with respect to excavation date, and bolt load/elongation properties must be considered in any 
support design. 
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3.7 PROJECTED LIFE OF EXISTING ROOF SUPPORT SYSTEMS 

A study was performed to evaluate the effectiveness of existing mechanical anchor roof bolt 
systems in specific areas of the facility [Petersen, 1993]. A three-step approach was taken to 
evaluate the existing roof bolt system. First, tests were performed to determine the deformation 
capacity of the bolts. The second step was to analyze the geomechanical data to determine the 
amount of deformation occurring in the bolted horizon of the roof. The third step was to 
determine how much deformation the bolt should have undergone by comparing the rate of roof 
deformation to the length of time the bolt had been installed. By comparing the amount of roof 
deformation to the deformation limits of the bolt, a projection was made of the expected bolt life. 
For example, a bolt which could deform 6 inches (0.15 meter) before failure should last 
approximately 12 years in an area where the roof deformation was 1/2 inch ( 12. 7 mimmeters) 
per year. The life of existing roof support systems was projected based on the following 
assumptions: 

1. The bolt anchorage is considered to be rigid. 

2. The bolts installed meet American Society for Testing and Materials (ASTM) 
specifications. 

3. The bolt tests performed are comparable to the bolt behavior in the roof. 

4. Roof deformation rates fall between the maximum and minimum rates measured 
throughout the facility. 

5. Roof deformation rates become and remain constant within 2 years after mining. 

In general, the Petersen report concluded that rockbolt failures resulting from lateral and/or 
vertical deformations could begin in 1992 and continue from that time forward. In situ rockbolt 
failure records support that conclusion [DOE, 1995]. 

3.8 AREAS WITH ROOF BEAM REMOVED 

Currently, the only area of the facility that has had the roof beam removed, subsequent to 
initial mining, is the Salt Handling Shaft station area. The roof beam south of the shaft was 
removed up to Anhydrite "b." The beam removal was performed in 1987 and 1988. Additional 
beam removal in this area is currently in progress. This work will extend the portion of the roof 
with the beam removed approximately 20 feet (6.10 meters) further north. 
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3.9 CLOSED AREAS 

At the present time, the areas which have been closed to access include the A and B test 
rooms in the Experimental Horizon, SPDV Rooms 1, 2, and 3, part of the N1400 drift, the test 
alcoves in Panel 1, and the E140 drift south of 82180. 

3.10 UTILITIES 

Many of the drifts contain extensive utility supply lines such as electrical, ventilation, and 
compressed air. These utilities will be addressed on a case.by-case basis during the design of 
the ground support system for that area. Experience shows that in most cases, utilities can be 
worked around or moved to a limited degree during bolting, thus allowing the work to take place 
with a minimum of interruption to underground operations. For roof beam removal, it is 
anticipated that utilities in the affected area will be removed or protected before initiation of the 
removal process. 
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4.0 SUPPORT SYSTEM OPERATIONAL REQUIREMENTS 

The ground support requirements of specific areas of the underground are dependent on the 
operational requirements of those same areas. The design of a support system must meet 
specific criteria based on where it is to be used; for example, a waste storage room is evaluated 
differently than a ventilation exhaust drift. 

4.1 OPERATIONAL DESIGNATIONS 

The drifts and alcoves are categorized according to their primary function. Table 3-1 
identifies each ground control zone according to its primary function. The following is a list of 
operational categories and a brief explanation of how the category is addressed regarding ground 
control. 

Shops and Offices - Maintenance and fabrication shops exist to support Experimental and 
Underground Operations. Office areas are located in various alcoves and crosscuts. Shops and 
offices should be considered transient. They may be moved as an alternative to maintaining 
long-term ground control. 

Ventilation - Proper ventilation is critical to underground operations. All drifts are involved 
in the ventilation scheme to some degree; ventilation is the primary function of some drifts. 
Overcasts present an atypical opening geometry which requires special ground control consider
ation. The main ventilation drifts require maintenance for the life of the facility. 

Haulage Route.§. - These drifts serve as transportation routes for mined salt, materials, 
personnel, and transuranic waste. Main haulage routes require maintenance for the life of the 
facility. 

Waste Storage -The Waste Panel rooms and their access drifts are listed under this category. 
Ground control decisions for unexcavated waste storage areas will be based on a maximum life 
of 5 years from the time of excavation. Panel 1 is excavated and ground control decisions 
assume an anticipated life of 20 years from the date of initial excavation. 

Experimental - Experimental areas exist throughout the facility and are addressed on a case
by-case basis. In general, these areas are considered to have short to intermediate lives varying 
from 5 to 15 years from date of excavation. 

Access Drifts -- Some drifts are excavated to provide access to other areas such as storage or 
experimental zones. These drifts are evaluated based on the requirements of the areas they 
serve. 
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Shaft Stations - The four shaft stations require ground control for the life of the facility. 

General Storage - Storage space for things such as materials and core should be considered 
transient. These areas may be moved as an alternative to maintaining long-term ground 
control. 

Substations - Electrical substations are located in alcoves throughout the facility. Ground 
control decisions for the alcoves are related to the main drifts to which they are adjacent. 

Cross Drifts - Some of the cross drifts which connect the main north-south running haulage 
and ventilation drifts have no primary function. Others are currently serving as primary 
ventilation and/or transportation routes. These areas are evaluated on a case-by-case basis. 

4.2 SPECIAL AREAS 

Several areas throughout the facility require sr".'cial consideration from a ground control 
standpoint. These areas are unique in their use and/or their geometry. Included in this 
category are the shafts, shaft stations, ventilation overcasts, and brow areas . 

• 

4.2.1 Shafts 

The lined portions of the four shafts do not require ground control actions, however they are 
inspected, and salt, dust, and brine encrustations are periodically removed. The unlined 
sections of the shafts are in the Salado Formation and require periodic light maintenance. 
Minor hand scaling is performed in the shafts as needed. The majority of the scaling required 
is associated with clay and anhydrite seams. These areas may also be spot bolted and meshed. 

Shaft inspections of the Salt Handling Shaft, the Waste Shaft, and the AIS are conducted 
by Underground Facility Operations on a weekly basis. The Exhaust Shaft does not have a 
hoisting system so inspections are performed periodically with a video system. 

4.2.2 Shaft Stations 

The excavated area at the facility level of each shaft is referred to as the shaft station. The 
shaft stations for the Waste Shaft and the Salt Handling Shaft are, operationally, very active 
areas and will continue to be for the life of the project. The stations for the Exhaust Shaft and 
the AIS are restricted access areas but will require ground control maintenance for the life of 
the facility. 
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4.2.3 Ventilation Overcasts 

A ventilation overcast presents a unique situation with respect to both geometry and access. 
The overcast is essentially a vertical slot in the roof of a drift. Brows are created on all four 
sides. The roofs of the overcasts are currently bolted with 2-foot-long (0.61-meter-long) 
mechanical anchor bolts and chain link mesh to control spalling. The majority of the area of 
an overcast is not accessible to standard equipment. 

4.2.4 Brows 

Brows are created whenever there is a sharp change in the elevation of the roof. The brow 
which is formed may be vertical or may be mitered at an angle. These geometries produce areas 
of decreased confinement (comers and edges) which results in fractures and separations. The 
design and location of specific brows plays a role in the type of ground control to be used. 
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5.0 ROCK MECHANICS SUMMARY 

Salt is a material that deforms plastically when subjected to deviatoric stress conditions. 
This behavior has long been recognized in the mining industry [Baar, 1977; Dreyer, 1972] and 
considerable efforts have been made to characterize this response from laboratory creep tests. 
However, extensive experience within the mining industry and at the WIPP site demonstrates 
the difficulties involved in establishing in situ performance based on laboratory characterization 
of salt creep [Baar, 1977; Munson et al., 1989]. 

The initial stress state at the repository horizon is established from Heims Rule for weak 
rocks [Hoek and Brown, 1980]. This rule establishes the vertical stress as dependent on the 
depth of overburden and its average density, and the horizontal stresses to be equal to the 
vertical stress. Taking the average density for the overburden at the WIPP site as 145 lbs/ft3, 

the initial stresses at the repository horizon are about 2,000 psi (13.8 MPa) [Krieg, 1984]. 

A virgin in situ stress field exists in the rock mass before mining. Mining an excavation 
induces stresses on the rock mass surrounding the excavation. With time, the high stresses 
close to the excavation are partially relieved by creep of the salt into the excavation. The strata 
interfaces, seams of anhydrite and clay above and below an excavation, result in different 
stresses on each side of the interface. These stresses lead to slippage and eventually to bed 
separation. Because the clay seams do not provide much, if any, shear resistance, the salt in 
the layer between Clay G in the roof and Clay E below the floor moves horizontally towards the 
excavation faster than the adjacent layers. This movement concentrates the stresses on those 
portions of the layer remaining after the excavation; i.e., the roof beam and the floor beam. If 
it is assumed that the clay seams are frictionless; the sum of the far field horizontal stresses 
acting on the layer between Clays G and H should ideally be resisted and therefore be in 
equilibrium with the sum of the horizontal forces acting on the roof and floor beams. The 
concentration of compressive stresses in the roof and floor beams may reach values high enough 
to cause (or at least initiate) compressive failure. This compressive failure is expressed in the 
form of low-angle fractures. Once the low-angle fractures have developed, roof movements in 
an unsupported excavation are increasingly associated with gravity effects. It is assumed that 
in a supported (rockbolted) excavation, creep will continue to act on the support system 
regardless of fracture development. A more detailed description of the failure mechanisms 
involved can be found in the document, The Current Bases for Roof Fall Prediction at WIPP and 
a Preliminary Prediction for SPDV Room 2 [DOE, 1993c]. 
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6.0 GEOTECHNICAL EVALUATION OF UNDERGROUND OPENINGS 

The underground openings are evaluated routinely. These evaluations can be as simple as 
visual observations by personnel working in an area or as complex as the expert review of 
Room l, Panel l. The last in-depth evaluation of all of the underground was performed in 
November 1993. These comprehensive evaluations by Geotechnical Engineering personnel are 
based on visual observations, analyses of instrumentation data, analyses of the excavation 
effects program data acquired from observation holes, and rockbolt failure patterns. 

The evaluation of ground conditions is specifically planned and performed as a continuing 
process. Geotech.nical Engineering gathers and evaluates data from various sources on routine 
basis. Conditions are reported through a bimonthly underground geotechnical assessment 
report and the annual GAR, formerly called the GFDAR. 

6.1 OBSERVATIONS BY GEOTECHNICAL ENGINEERING 

The latest visual assessment of the entire facility took place during October and November 
of 1994. The ground conditions of the roof, ribs, and floor were assessed in each ground control 
zone. The roof was evaluated with respect to low-angle fractures, scaling, and longitudinal 
fractures. The ribs were evaluated based on their general condition, and it was noted if they 
had been mechanically scaled. The floor was evaluated with respect to heaving and fracturing, 
and it was also noted if the floor had been milled. 

The roof of an area was taken as a whole with regard to longitudinal or vertical fractures. 
A few vertical fractures do not constitute reason for supplementing the existing support system, 
but they may be an indicator of progressive deterioration. Areas containing vertical fractures 
are closely monitored. The type and extent of these fractures will affect the ground control 
system chosen for a given area. An area with only a few longitudinal fractures may be 
adequately supported with a standard bolt system; whereas, an area with extensive, connected 
fracturing might require a supplemental cable-mesh system. 

Areas receiving higher ratings based on their visual assessment warrant closer monitoring. 
In these cases, the ground conditions are monitored on a more frequent schedule, and additional 
instrumentation is installed when appropriate. When it is determined that ground conditions 
have reached a point where a safety hazard could develop in the short term, supplemental 
support is installed. 
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6.2 OBSERVATIONS BY UNDERGROUND OPERATIONS 

Mine Operations is ultimately responsible for maintaining the underground facility in a safe 
and operational condition. Personnel from Mine Operations visually inspect the facility on a 
weekly basis. This weekly inspection is performed to assure that unsafe ground conditions do 
not manifest with time and go undetected. Personnel are also required to inspect their work 
area on a daily basis in accordance with MSHA regulations. 

6.3 EXCAVATION EFFECTS PROGRAM DATA (OBSERVATION HOLES) 

Fracture development in the roof is related to the stress regime in the roof beam, and is 
influenced by the shape of the excavation, excavation age, local stratigraphy, nearby 
excavations, and mining method and sequence. Large strains associated with lateral 
movements in the roof can induce the fracturing in the roof that is frequently seen near the ribs. 
The presence of horizontal offsetting (visible in boreholes) confirms lateral movements in the 
roof beam. The results of borehole observations indicate that fracture development continues 
as the excavations age. 

A number of rockbolt failures appear to be related to the lateral movement of the roof beam. 
The majority of the rockbolting atthe WIPP involves bolts penetrating the first clay seam above 
the roof. Analysis of the observation hole data along with ongoing offset-load testing of 
rockbolts, borehole camera investigations, and overcoring of failed rockbolts provides a better 
understanding of the relationship of stratigraphic offsetting with rockbolt failure. 

Horizontal offsets occur as shallow spalls and at clay seams. For roof beams with minimal 
fracturing, the greatest rate and magnitude of the observed offsets is near the ribs, and these 
generally decrease toward the longitudinal centerline of the room. The portion of the borehole 
from the collar to the offset moves towards the center of the excavation. However, it is not 
unusual for a highly fractured area to exhibit significant asymmetric lateral movement. 
Fractures result in areas of weakness, and movement will be toward zones of least resistance. 
This phenomenon is observed in areas where low-angle fracturing at the roof-rib intersection 
has propagated to the first clay seam. This effectively detaches one side of the beam. The beam 
then presents a cantilever configuration, and movement is predominantly toward the more 
fractured side. 

Fractures and separations in observation holes are noted and documented. The beam is 
evaluated and given a relative rating based on its fracture density. The number of fractures 
within a beam is divided by the thickness of the beam in linear feet to produce a fracture 
intensity indicator. For example, consider a 10-foot-thick (3.05-meter-thick) beam with five 
fractures. Five fractures divided by 10 feet gives a fracture indicator of 0.5 fracture per foot. 
This ratio is used to grade the condition of the beam on a scale of 1 to 3, with 3 being the worst. 
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An indicator of less than 0.25 receives a rating of 1, a indicator of 0.25 to 0.50 receives a rating 
of 2, and a indicator of greater than 0.50 receives a rating of 3. It is recognized that this method 
of rating is somewhat subjective, but applied consistently, it gives useful, practical results. 
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7.0 MONITORING SYSTEMS 

Because of the research and development role of the WIPP facility, there has been a 
geotechnical monitoring program in place since the sinking of the first shaft. In addition to 
geotechnical monitoring, a less extensive monitoring system is installed on an as-needed basis 
specifically to monitor ground control systems. An extensive mine-wide survey, consisting of 
cross sections and elevations, was performed in 1993 and an additional survey was performed 
in 1994. 

7.1 GEOTECHNICAL MONITORING PROGRAM 

Geomechanical instrumentation is used at the WIPP facility to monitor the response of the 
rock mass to the underground openings. Data from the instrumentation are collected, 
processed, and stored for analysis. Data from this monitoring program have been made publicly 
available since 1983 in geotechnical field data reports. During the SPDV Program, Bechtel, the 
Architect/Engineer for the project, produced the reports on a quarterly basis to document the 
geomechanical performance during construction of the underground. Since 1987, upon 
completion of the construction phase of the project, the reports have been prepared annually by 
Westinghouse Electric Corporation, the Management and Operating Contractor for the facility. 
A detailed description of the current geotechnical monitoring program can be found in the GAR 
[DOE, 1995]. Some general information from that report is presented in this section. 

Geotechnical data from each specific ground control zone are evaluated to determine if 
conditions warrant closer attention or possibly immediate attention from a ground control 
standpoint. For the long-term, closure rates and the expected life of a zone are key criteria for 
selection of ground control measures for the area. 

Geotechnical monitoring provides a semiquantitative measure of the stability of openings 
with respect to safety concerns. The expert review panel assembled for review of the Room 1, 
Panel 1 support system agreed that an engineered monitoring system provides adequate 
warning of ground stability problems.before they pose an imminent safety hazard [DOE, 1991a]. 
Monitoring data from nonbolted areas which experienced roof falls exhibit trends of greatly 
increased closure rates months in advance of the actual fall. This has been demonstrated by 
the data collected from SPDV Room 1 before its roof fall, and further confirmation is provided 
in the data collected from SPDV Room 2. For these reasons, a comprehensive monitoring 
program is considered an essential element in the long-term ground control plan. 
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7 .1.1 Instrumentation Descriptions 

Instruments installed for measuring the geomechanical response of the rock mass and 
underground openings include convergence poin~, convergence meters, borehole extensometers, 
rockbolt load cells, pressure cells, strain gages, inclinometers, piezometers, and joint meters. 

Recently an instrument was developed for monitoring the rate and amount of lateral offset 
that is occurring at stratigraphic boundaries (clay seams, etc.). One of these instruments is in 
place, and several more will be installed in the next year. Lateral offset is generally monitored 
visually as part of the excavation effects program. 

7.1.2 Geotechnlcal Instrumentation Data 

The geotechnical monitoring program has developed as the physical size of the facility has 
expanded and as the technical requirements have increased. The purpose of the geomechanical 
monitoring program is to provide in situ data to support continuing assessments of the behavior 
of the underground facilities. Specifically, the program provides: 

• Early detection of conditions that could compromise operational safety. 

• Evaluation of room closure that could affect operational performance. 

• Guidance for design modifications and remedial actions. 

• Data for interpreting the actual behavior of underground openings in comparison with 
established design criteria. 

Measurements of roof-to-floor and rib-to-rib closure are taken throughout the underground 
both manually and remotely on a routine basis. In addition to closure data, borehole 
extensometer data are also collected. Extensometer data, combined with information from 
observation holes, allow the monitoring of separations at clay seams and within salt beams. 
This information is compiled and evaluated in the Bi-Monthly Underground Geotechnical 
Assessment. This report compares actual closure rates with rates predicted by an empirical 
model. A measured closure rate that exceeds the model prediction does not necessarily indicate 
a problem, but draws attention to that area and provides an additional data point for 
evaluation. The current evaluation period ran from November 1, 1993, to November 1, 1994. 

Inclinometers were used to record relative deflection of boreholes. Plots depict deflection 
versus depth of hole. Data from different periods are plotted to indicate movement trends over 
time. Joint meters are currently installed at several places in the underground. They are 
installed perpen.dicular to a crack and monitor any separation of the crack which may occur with 
time. 

Earth pressure cells and strain gages are used in and around the shaft liners to determine 
whether there is any stress buildup in the shaft lining systems. Piezometers are used to 
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measure the gauge pressure of groundwater. They have been installed in the shafts at varying 
elevations to monitor the hydraulic head acting on the shaft liners. 

7.1.3 Data Acquisition 

The individual instruments that comprise the Geomechanical Instrumentation System CGIS) 
are read manually by portable ·devices or remotely by a surface datalogging computer. 
Technicians acquire data manually, and polling devices acquire data remotely. Whether 
acquired manually or automatically, geotechnical data a~e entered into the database files of the 
GIS data processing system. 

7.1.4 Ground Control Monitoring System (GCMS) 

The GCMS is a commercially available, computerized process-control and real-time data 
acquisition system. This system is used in industry to control such things as belts, fans, pumps, 
and alarms. However, it is not readily available for geotechnical monitoring, and development 
of this capability is ongoing. The primarY use of the system at the WIPP is for geotechnical 
data acquisition. Because salt typically exhibits relatively slow rates of deformation, the degree 
of the instrument signal resolution is critical in detecting these small movements in a useable 
time frame. The system is currently being upgraded to increase its resolution and also to 
develop the electronics necessary to interface with vibrating wire instruments. The vibrating 
wire capability will enable the system to monitor borehole extensometers, jointmeters, and 
pressure cells which are in use at the WIPP. 

At the WIPP, the system is presently monitoring rockbolt load cells installed on cable 
support systems on the brows of the Waste Shaft and the Air Intake Shaft. It is anticipated 
that the system will read approximately 25 multipoint borehole extensometers that will be 
installed in the E140 and EO drifts this year. Gradually, it is expected that most of the 
geotechnical instruments in the underground will be read with the GCMS. 

7.2 GROUND SUPPORT SYSTEM MONITORING 

Instrument monitoring of ground support systems has expanded significantly in the last 
5 years. Table 7-1 presents a summary of the ground control system instrumentation which is 
currently in place in the facility. 

7 .2.1 Load Cells 

Six rockbolt load cells were installed on bolts at the Waste Shaft Station in February 1988. 
Since that time, load cells have been installed on cable systems used to support brow areas at 
the Waste Shaft and AIS station areas and the East-0 overcast. These load cells serve as 
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indicators for detensioning of the systems at predetermined loads. Load cells are also installed 
on rockbolt support systems in several rooms in Panel 1 and in Room D. 

7.2.2 Strain Gages 

The supplemental bolt patterns that were installed in Rooms 4 and 7 of Panel 1 and in 
Room D all incorporated systematic arrays of rockbolts equipped with strain gages. The strain 
gage data should provide a variety of valuable information which includes: 

• Areal effects of creep closure loading on the ground control system. If roof areas within 
an instrumented array are experiencing differing degrees of deterioration, that 
information can be compared to the strain rates being produced in the rockbolts. 

• Determining when the bolts reach their yield point. 

• In areas where yielding systems or components are being evaluated, a comparison can 
be made between the yield point of the yielding component and the strain in the bolt. 

• Comparison of strain gage data to load cell data. 

7.2.3 Yielding Components 

Yielding components such as slipnuts, load indicators, and yielding inserts, are incorporated 
into several of the ground support systems in the facility. The primary purpose of these 
components is generally to allow for the system to yield with the creep of the formation. 
However, because the components are designed to yield within specific load ranges, they also 
serve the function of providing an indication of the load on the system. These components are 
visually monitored to determine the rate and degree of yield on the system. 

7.2.4 Joint Meters 

The joint meters used at WIPP primarily serve as a geotechnical tool; i.e., to monitor 
fracture growth. However, a couple of meters have been incorporated into cable mesh support 
systems to monitor strain in the cables. 

7.3 FACILITY-WIDE SURVEY 

A mine-wide survey was completed in the fall of 1993 by the Site Survey Group and a 
consulting firm [The Garwin Group Ltd., 1993). This was an extensive survey utilizing state-of
the-art equipment. The work plan consisted of four phases: 

• Phase 1-Surveying and installation of 20 underground vertical control benchmarks and 
referencing them to existing surface control monuments. 
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• Phase 2 - Horizontal control, traversing of the underground spad (survey point) network. 
This consisted of about 100 points located at drift intersections. The length of the 
horizontal traverse was 18,673.60 feet (5,691.71 meters). The unadjusted closure was 
1 part in 434,919, (1:434919). The horizontal distance misclosure was 0.04 foot 
(0.01 meter). 

• Phase 3 - Performing an as-built, cross-sectional survey of the underground. 
Approximately 14,000 points were shot throughout 5.65 miles (9.09 kilometers) of the 
underground. Taken at 20-foot ( 6.10-meter) intervals, three shots were taken on the back 
and floor with a shot taken at the Orange Marker Band (QMB) of each rib (the OMB is 
not exposed in the experimental horizon). The three floor and back shots were taken as 
close as possible to each rib and at the centerline of the drift. 

• Phase 4 -- Creating three-dimensional presentation plots. The drawings are useful for 
analysis and presentation purposes. 

Phase 3 was performed primarily to develop a reliable database to monitor future salt 
movement. By utilizing the horizontal and vertical control networks established in Phases 1 · 
and 2, future surveys should yield accurate measurement of salt closure. Over time, these 
surveys can be compared to measurements from geotechnical instrumentation and an accurate 
picture of total rock mass movement can be determined. 

A second facility-wide survey was performed in 1994. The data from that survey is being 
compared to the 1993 survey data and also to extensometer data. Further evaluation is 
necessary to determine if the survey information is useful as a ground control tool. 

7.4 ADDITIONAL MONITORING REQUIREMENTS 

The extent of geotechnical and support system monitoring at the WIPP far exceeds what 
would be considered adequate for a production mine facility. However, the unique nature of the 
WIPP necessitates optimum monitoring capabilities. Recommendations for additional 
monitoring are presented in Chapter 12.0. 
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8.0 MINING ALTERNATIVES 

Parameters associated with the excavation process itself are being studied to determine 
their effect on the long-term stability of an opening. The mining horizon, opening geometry, 
mining sequence, and excavation age play an integral part in the extent of fracture development 
in the roof, ribs, and floor. 

8.1 THE MINING HORIZON 

The mining horizon in this case refers to the stratigraphic position of an excavation. In the · 
present configuration, the panel entries and panel rooms are 13 feet high by 33 feet wide 
(4 meters high by 10 meters wide). Using the O:MB as a vertical center reference line, this 
geometry places Anhydrite "b," which is underlain by Clay G, about 6.5. feet (1.98 meters) above 
the roof. It has been proposed that an excavation with a clay seam forming the roof would be 
more stable. This would allow the pillars to expand into the excavation without transferring as 
much stress into the roof beam. 

Numerical analysis has been used to investigate the structural performance of drifts with 
a clay seam at the roof [DOE, 1994]. This modeling work indicates that an excavation with a 
clay seam at the roof results in a more stable opening. Some excavations (e.g., NllOO) reflect 
this concept. 

8.2 ROOF BEAM REMOVAL 

For existing drifts with long anticipated lives, creep closure will ultimately lead to additional 
excavation simply for the drifts to remain functional. Some drifts have already been enlarged 
through additional excavation or milling of the floor. Field observations, in the form of 
displacement measurem,ents and fracture mapping, support the concept of removing the roof 
beam to enhance stability. Because many of the drifts that require long lives have already been 
mined, the effect of removing the roof beam well after initial mining has been investigated 
[DOE, 1994]. In this report, a drift with a clay seam forming the roof is defined as having no 
roof beam. Some of the conclusions presente4 in that report are: 

1. The field data indicate that fracturing and displacement are minimized in the roof of 
excavations without a roof beam. 

2. The field data indicate the removal of a highly fractured roof beam significantly 
improves the stability of the subsequent excavation even though it is larger. 
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3. Numerical analyses indicate that drifts without roof beams develop less strain in the 
roof than drifts with roof beams over equivalent time periods. 

4. Numerical analyses indicate that the removal of a highly deformed roof beam 
significantly improved the condition of the roof. 

5. The life of drifts with highly fractured roof beams can be significantly lengthened by 
removing the roof beam to the nearest clay seam. 

Roof beam removal appears to be a reasonable option for ground control in long-term 
excavations. This alternative would provide for a much extended life span for areas such as the 
E140 drift and Panel 1. 

8.2.1 Salt Shaft Station Roof Beam Removal 

The roof beam in the Salt Handling Shaft station south of the shaft was removed because 
of excessive deterioration. The removal of the beam was performed with a Tamrock scaling 
machine. and took place between November 1987 and February 1988. The station roof was 
removed up to Anhydrite "b" to alleviate the possible future safety hazard presented by the 
fracturing and slabbing of the back. Lateral movement and fracturing in this lower salt beam 
accounted for the majority of the movement seen in the observation holes and recorded by the 
geomechanical instrumentation [Deshler, 1988]. Seven years after the beam removal, the 
existing roof remains structurally stable. Geotechnical data indicates a reduction in vertical 
closure rates following removal of the beam. No fracturing has been documented in the 
observation holes located in the area. 

8.2.2 East 140 Roof Beam Removal 

An Action Request (AR) is currently in place to remove a section of the roof beam in the 
E140 drift. Removal methods proposed include various mechanical scaling techniques, use of 
the roadheader or drum miner, expansive grouts, CARDO~ shells, and explosives. 

The AR for the beam removal provides for mapping of ground conditions as the work 
progresses. Dependent on site conditions, mapping may be performed approximately every 
15 feet (4.6 meters}, noting fracture patterns, rockbolt deformations, and any unusual 
conditions. 

8.3 OPENING GEOMETRY 

There are approximately 20 different opening geometries in the underground. Some of these 
openings are over 10 years old and show no outward signs of advanced deterioration. This may 
show that some geometries provide optimum conditions relative to ground stability. Because 
of the limited amount of mining that has taken place at the WIPP and the wide variety of 
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opening configurations associated with that mining, it is difficult to make ground stability 
comparisons of different areas. Analysis results are influenced by variable parameters such as 
mining sequence, excavation ratio, and local geology. 

8.4 MINING SEQUENCE 

The greatest strain rates associated with an excavation occur immediately after the opening 
is mined. These strains may result in damage, in the form of fractures, to th~ rock which 
surrounds the opening. The degree of damage which occurs during the mining phase can be 
controlled to some degree by the mining method. For example, it is generally agreed that drill
and-blast methods create an initially larger disturbed zone than continuous mining. What is 
of interest to the WIPP project is whether the speed of mining or the sequence of mining passes 
can be controlled to minimize initial fracture development. It seems logical that minimizing the 
initial fracturing would correlate with less fracture propagation and development over time, and 
hence a more stable opening. 

The direct effect of mining methods on ground control issues is difficult to assess in the 
short term. Long-term benefits may be realized if controlled mining methods can be utilized 
when mining the main haulage drifts for the remaining waste storage panels. 
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9.0 ROCKBOL T FAILURES 

Rockholt failures have occurred throughout the facility. The most recent GAR [DOE, 1995) 
provides a detailed description of types of bolt failures in specific areas of the facility. Rockholt 
failures totaling 449 were reported throughout the facility during the calendar year 1994. 
Observable rockbolt failures are reported, and a database on failure locations and modes of 
failure is maintained. Rockholt failures are documented as close to the time of failure as 
possible. Information recorded for each failure include, when possible, the type of failure, 
location, bolt length and diameter, plate type, and any unusual conditions associated with the 
physical appearance of the bolt (e.g., corrosion surfaces). Much has been learned from the 
analysis of past bolt failures, and as the information base increases, so does our understanding 
of the failure mechanisms involved. Documentation and tracking of these failure patterns 
assists in long-term ground control planning by highlighting problem areas. This system also 
provides a means to identify trends of bolt failures that can be correlated with installation 
methods, opening geometry, mining sequence, bolt location, or other variables. 

Two types of rockbolt failure patterns are addressed in the GAR: failure patterns with 
respect to the mechanical integrity of the bolt (e.g., head failures and shaft failures) and failure 
patterns with respect to physical location of the rockbolt. These two patterns are not mutually 
exclusive. For example, patterns related to location (e.g., near the ribs in the east 300 shop) are 
also affected by installation date, as well as geology and drift geometry. 

In the past, many of the failures were bolt head failures. An increasing number of failures 
are bolt shaft failures which are typically associated with lateral movement at Anhydrite "b." 
The bolt failure frequency is increasing with the mode of failure becoming predominantly bolt 
shaft failures. Rockholt failures are expected, based simply on deformation characteristics of 
the rock compared to deformation characteristics of the rockbolts. This failure trend is, in 
general, directly related to time since bolt installation. Axial deformation caused by beam 
expansion, lateral loading from offset, and corrosion are all time-dependent processes which 
adversely affect rockbolts. Because of the multitude of factors affecting bolt breakage, an 
increase in the number or the rate of bolt failures in a particular zone does not necessarily 
indicate ground stability problems for that zone. As has been stated, a well designed geotechnic
al monitoring program is the most reliable means of determining ground conditions. 

9.1 ROCKBOL T FAILURE MECHANISMS 

In the GAR, rockbolt failures are divided into three categories: 

1. Head separation from shaft. 
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2. Breaks along shaft. 

3. Other types of failures, including anchor failures. 

Figure 9-1 presents a graphical representation of bolt failures by type from 1990 through 
March of 1995. Several that are listed as "shaft?" are contained behind mesh and cannot be 
recovered. It can be observed that they are not head failures and the majority of failed bolts 
that have been recovered from the same area are shaft failures. 

Bolt head separation is a break at the head/shaft position. Bolt head separations at the 
WIPP usually do not exhibit necking near the break which is typical of tension-type failure. The 
exact cause of this type of failure remains undetermined. However, it has been suggested that 
the failures may be attributed to one or more of the following: nonvertical bolt installations, 
bearing plate performance, or overtorquing during installation. A recent study involving failed 
WIPP rockbolts and new rockbolts disputes this assumption [Chua and Lovato, 1994). The 
report states that the relatively small number of bolt head failures all have characteristic brittle 
fracture surfaces and attributes this failure mode to a weakening of the metal matrix by stress 
corrosion. The process probably involves some combination of all of the above factors. 

Failures occurring along the bolt shaft are commonly associated with lateral movements 
within the strata in which they are installed. Inspections of observation boreholes located near 
many of these failures often reveal a slip-plane (usually a clay layer) at approximately the same 
distance from the excavation as the zones of bolt breakage. Bolts that break along the shaft 
typically exhibit some degree of bending near the broken ends, indicating that lateral forces 
were exerted on the bolts. A borehole camera has been used to observe the condition of the 
section of failed rockbolts that remains in the borehole. From these observations, it appears 
that the salt is flowing uniformly around the bolt shaft. Broken bolts remaining in the hole also 
show corrosion surfaces and brittle failure surfaces. 

A smaller number of bolts experienced failure when the anchor assemblies failed or slipped 
down the borehole. These failures are believed to be associated with the mechanical aspects of 
installation (such as overtorquing the bolt) [DOE, 1993b]. 

9.2 MECHANICAL FAILURE OF METALS 

It has long been known that certain materials fail if they remain in service a long time. The 
layman assumed that the metal got "tired," so he began to speak of fatigue failure. The most 
common type of fatigue occurs with cyclic stresses. However, static fatigue can occur with 
constant stresses in metals by stress corrosion, a slow destructive reaction with the surrounding 
environment [Van Vlack, 1973). Stress corrosion is the process in which mechanical stress and 
chemical attack combine in such a way as to initiate and propagate a fracture in metal. A 
failure by stress corrosion is frequently caused by exposure to a seemingly mild chemical 
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Figure 9·1. Rockholt Failures From May 1990 Through March 1995. 
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environment while the metallic part is subjected to tensile stress well below the yield strength 
of the material. Stress corrosion also has the effect of embrittling the metal matrix. 

A recently completed study by the University of New Mexico [Chua and Lovato, 1994) 
suggests hydrogen embrittlement as a possible cause of premature bolt failures at the WIPP. 
The report states that "The mechanism of hydrogen adsorption appears to be suitable for 
explaining embrittlement of the bolts that had been observed at the WIPP site, that is, if this 
is occurring." The hydrogen involved in this process is released or removed from moisture (~Q) 
in a chemical reaction. 

Sandia National Laboratories performed experiments on rockbolt material made of American 
National Standards Institute (ANSI) 1040 plain carbon steel, as called for in ASTM F432 
[ASTM, 1983). ASTM F432 is a manufacturing specification under which the mechanical anchor 
rockbolts used at the WIPP are made. The mechanical test results indicated that fracture was 
environmentally assisted and hydrogen embrittlement influenced the fracture mechanisms. In 
the most aggressive (salt exposure) test environment, a large ductility loss occurred during 
sustained tensile-load testing. Such ductility loss was attributed to embrittlement caused by 
the adsorption of hydrogen [Lucas, 1984). 

A metallurgical evaluation of failed WIPP rockbolts was performed by Professional Service 
Industries, Pittsburgh Testing Laboratory Division [Deoras, 1992). Their report stated that 
Scanning Electron Microscope (SEM) examination confirmed that the bolt fractures were a 
brittle fracture. However, the report did not specifically attribute this brittle fracture to stress 
corrosion. The bolts also exhibited nonuniform loading since three failed bolt shafts examined 
showed significant bending at the fracture. 

When bending occurs in a bolt, the area where the bend occurs is subjected to strain 
hardening. Further bending of the bolt may initiate a crack. Rockbolts may experience 
bending-induced cracking as a result of stratigraphic offset and thus become more susceptible 
to stress corrosion and the associated hydrogen embrittlement. The use of more ductile 
materials and corrosion resistant coatings where possible could reduce exposure to these 
processes. 
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10.0 GROUND CONTROL COMPONENTS AND SYSTEMS 

Ground control issues at the WIPP are unique in many ways. From an operational 
perspective, requirements are much different than at a production mine facility. From a 
geologic perspective, the stratigraphic location of the facility horizon combined with the creep 
mechanism of salt and resultant offsetting at clay seams and separations present challenging 
ground support conditions. Because of the long-term requirements that exist, a support system 
which provides for safe and operational conditions for a long period of time is preferred. The 
continued creep of salt dictates that a long-term ground support system must be able to yield 
in some manner without failure. It is also important to monitor the deformation region of a 
yielding component or system to assure it is performing as designed. 

Several companies are producing yielding components or systems of various types, but this 
technology is relatively new. This means that there are no long-term performance data 
available on which to base selection decisions. To complicate matters further, most yielding 
systems are still in prototype or experimental stages. This document describes several viable 
alternatives and highlights the most promising options. Laboratory and in situ testing of 
several components and systems are in progress and additional testing is proposed. Results of 
that testing may change these assessments. 

10.1 GROUND SUPPORT COMPONENTS 

Appendix A presents general information on ground support components which are currently 
on the market or are being developed. Some of the components discussed are now in use at the 
WIPP site in either an operational or test mode. Ground support components can be classified 
into three general areas; bolts, anchors, and fixtures. With a few exceptions, most of the 
components listed must be combined in some manner to form a ground support system. 
Section 10.2 describes some of these systems and the various combinations which can be utilized 
depending on in situ conditions. 

10.2 GROUND SUPPORT SYSTEMS 

A ground support system designed for a particular area will be a combination of components 
and in some circumstances, multiple systems. For example, chain link, wire mesh, or other 
kinds of screen-type material are often included in the design, along with rockbolts, as part of 
an overall ground support system to contain spalling. 

Long-term ground support at the WIPP is affected by continuous creep displacement into 
the opening and offset displacement usually at the first clay 'seam encountered above the roof. 
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What this means from a design standpoint is that a rigid or nonyielding support system will 
require replacement on a regular schedule. The replacement schedule will be difficult to predict 
because there is no reliable means of monitoring the condition of current rigid systems. 
Rockholt failures are documented and tracked, but this does not give a quantitative indication 
of the integrity of the bolts still in place. Methods are in place to monitor the stability of the 
ground conditions, and to a lesser degree, the support systems. For this reason, the pursuit of 
a yielding, monitorable ground control system is prudent. The system should be able to yield 
while still providing a specified degree of load-bearing capacity. Research and testing of 
available components and systems which have yielding capabilities is currently in progress. The 
following is a summary of systems (both rigid and yielding) that have been or are being 
evaluated. 

This section describes the applications and advantages and disadvantages of various support 
systems which are being used, tested, or proposed for v·:ossible use at WIPP. With the exception 
of mechanically anchored rockbolts, there are few 11. g-term data available on these systems 
which directly relate to the WIPP underground facility. Monitoring of installed supplemental 
systems will provide a greater base of information for ground control system selection. In 
addition to the in situ testing, a laboratory testing program is in place to evaluate alternative 
options for ground support. Whenever possible, the parameters of the laboratory tests are 
controlled to simulate conditions encountered at the WIPP. 

10.2.1 Mechanically Anchored (Expansion Shell) Bolts 

Historically, the majority of ground control efforts were accomplished using mechanically 
anchored bolts, particularly by pattern bolting of the roof. The current and projected use of 
mechanically anchored rockbolts in the underground is now limited in scope. The majority of 
currently planned tasks call for the use of resin-anchored threaded bar bolts. One of the tasks 
still performed by mechanical anchors is the bolting of the ribs and roof for the purpose of 
hanging mesh to control spalling. Another use of the mechanical bolts is spot bolting of an area 
where limited size and condition warrants a small scale bolting effort. Ground conditions and 
operational considerations may still require the use of mechanically anchored bolts in the 
foreseeable future. 

Advantages of the mechanical rockbolt system being used at the WIPP include: 

1. They are simple to install. 

2. They are used throughout the local potash basin and are relatively inexpensive and 
readily available. 

3. Because of their wide use in the basin and at the WIPP site, their support capabilities 
and limitations are known. 

48 



4. When installed, they are almost flush with the rock surface and therefore do not impose 
significantly on drift dimensions, which can be an operational concern. 

Disadvantages of the mechanical rockbolt system being used at the WIPP include: 

1. The high grade steel used in the bolts allows a very limited amount of elongation or 
flexure before failure occurs. This characteristic makes these bolts less desirable for 
long-term use because of the creep closure and offset movement associated with the 
openings at the WIPP. 

2. Installation is relatively simple; however, improper installation can cause uneven 
loading of the bolt head and premature head failure. They are also susceptible to 

overtorquing during installation which can result in premature anchor failure. 

3. The anchorage capacity may be less than the yield strength of the bolt shaft. 

4. The possibility of corrosion effects or of embedment of the leaves of the anchor into the 
formation may result in premature shell anchor slippage or failure. 

10.2.2 Deformed Threaded Rebar 

Resin-grout, point-anchored threaded bar bolts are used for area pattern bolting as 
compared to limited spot bolting. For large areas needing roof support, pattern bolting with 
No. 7 or No. 8 threaded bar bolts is the primary support system. To provide support for brows, 
a combination of resin-anchored threaded bar, cable shoes, and cable are installed. 

Advantages of the resin-anchored threaded bar system include: 

1. The anchorage pullout strength of a resin point-anchored threaded bar exceeds the bar 
strength when the bolt is properly installed. 

2. The design of the threaded bar bolt allows for pretensioning or detensioning of the bolt 
after emplacement. 

3. The threaded bar bolt can be cut to any length desired on site. 

4. The No .. 7 threaded bar at 7/8 inches (22 millimeters) in diameter is slightly larger than 
the 3/4-inch (19-millimeter) mechanical anchor bolt. The threaded bar is made of grade 
60 steel which is more ductile than the grade 75 steel of the mechanical anchor bolt. 
The more ductile threaded bar should be more flexible in response to the creep closure 
and stratigraphic offset observed at the WIPP (preliminary laboratory testing indicates 
this to be the case). Although the threaded bar is a slightly lower grade steel, the larger 
diameter of the 7/8-inch (22-millimeter) threaded bar results in an ultimate stress limit 
approximately 6.2 percent greater than that of a 314-inch (19-millimeter) mechanical 
anchor bolt. This conclusion is based on an ultimate strength for 3/4-inch ( 19-milli
meter) mechanical anchor bolts of 33,400 lbs. ( 149 k.N) as listed in ASTM F 432, and an 
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ultimate strength for 7/8-inch (22-millimeter) threaded bar of 54,000 lbs. (240 kN) as 
presented in manufacturers specifications. 

5. The system is readily adaptable for use with yielding components such as slipnuts, load 
indicators, or yielding inserts. 

Disadvantages of the resin-anchored threaded bar system include: 

1. When using the system as a yielding system with slipnuts or yielding inserts of some 
type, a tail must be left extending from the borehole. This protruding tail is generally 
12 to 18 inches (0.30 meter to 0.46 meter) long. This can be an operational concern 
based on the roof height of the area to be bolted. 

2. The installation of the threaded bar is more complicated than that of mechanically 
anchored rockbolts because of the use of resin. Care must be taken in the handling and 
storage of the resin cartridges. It is also important to allow for proper mixing and 
setting of the resin anchor. 

10.2.3 Cable Bolts 

Cables of varying lengths, which are point anchored with resin, may be used to support the 
roof when large lateral offsets are expected. Currently, there are no large-scale cable bolt 
installations in the underground at the WIPP. However, in situ and laboratory testing have 
been performed and additional testing is proposed to further evaluate this system. 

Advantages that are anticipated through the use of a cable bolt system include: 

1. Preliminary laboratory testing indicates that cable bolt systems may react more 
favorably to offset loading observed at the site than the more rigid bolting systems. 

2. The cable bolt allows for yielding components to be attached to the collar end, providing 
a system which has favorable attributes from both a longitudinal and lateral loading 
perspective. 

Disadvantages related to the use of the cable systems currently include: 

1. The cable bolt is more difficult to install than the previously mentioned systems. The . 
installation requires an experienced crew to ensure that the resin cartridges are 
completely mixed. 

2. Corrosion may have a greater detrimental effect on the cable system because of the 
larger exposed surface area associated with the design. Methods of coating the cables 
to isolate them from the corrosive environment have been developed by manufacturers. 
However, the efficacy of the coatings under WIPP conditions needs to be evaluated. 
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10.2.4 Cable Mesh 

A system of cable mesh (installed as part of a overall support system) retains portions of the 
roof that are not supported by rockbolts. 

Advantages to using a supplemental cable mesh system include: 

1. A cable mesh system provides a lightweight support system which supplements an 
existing or proposed system and requires a minimum amount of rockbolts for installa
tion. 

2. The cable mesh system can easily be installed over an existing support system. The 
system allows for the support of a roof beam which is experiencing advanced fracturing. 

Disadvantages inherent to the cable mesh system include: 

1. High loads can be developed in the cable when it is loaded perpendicular to its length. 
Because of the unusual manner in which salt creep and associated lateral deformations 
may load the system, definitive load/design criteria have not been established for these 
systems. 

2. The installation and adjustment of the cable mesh system requires a skilled crew. 

10.2.5 Room 1, Panel 1, Support System 

This type of system provides the highest level of confidence for ground control. A layered 
support structure of welded wire mesh, expanded metal, channel steel, and point-anchored 
threaded bar provides intensive support. Load cells provide load monitoring capability. 

Advantages of the Room 1, Panel 1, support system include: 

1. This system provides the highest level of ground support and support system monitoring 
currently available at the WIPP. 

2. The design and installation of th.is system was inspected and reviewed and has received 
numerous approvals from state and federal regulatory agencies. 

3. The system, as installed, is monitored for load build up. Bolts are periodically 
detensioned to prevent th.em from reaching their yield strength. The adjustable nature 
of the system allows for long-term yielding support. 

4. The system has load cells on every threaded bar bolt to allow for constant monitoring 
of the load. This monitoring should provide an indication of any failure of a bolt within 
the system. 
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Disadvantages associated with an elaborate system of this type include: 

1. The installation of the system is very labor intensive, and the cost of the system is 
comparatively high. These factors make this type of system economically impractical 
to apply on a mine-wide basis. 

2. The system requires continued monitoring and adjustment in order to meet the design 
criteria. The constant maintenance associated with this system also makes it less cost 
effective. 

3. The adjustable aspect of the system is accommodated with longer threaded bar bolts 
which initially protrude into the drift approximately 18 inches (0.46 meter). 

10.2.6 Removal of the Roof Beam 

The removal of the roof beam is not a support system but a mining alternative to ground 
support. The removal of the beam up to the next competent layer should be considered when 
adequate support cannot .. · provided in a cost-effective manner or if removal of the beam will 
result in a safer working environment. In existing drifts with long anticipated lives, creep 
closure will ultimately require additional excavation to maintain operational clearance. Some 
drifts have already been enlarged through trimming of the roof and floor. Field observations, 
in the form of displacement measurements and fracture mapping, support the concept of 
removing the roof beam to enhance stability. Because many of the drifts that require long lives 
have already been mined, the effect ofremoving the roof beam well after initial mining has been 
investigated [DOE, 1994]. Some of the advantages of roof beam removal presented in the report 
are: 

1. 

2. 

3. 

4. 

5. 

The geotechnical field data indicate that roof fracturing and displacement are minimized 
in an excavation with the roofline located at a clay seam. 

The field data indicate that removal of a highly fractured roof beam significantly 
improves the stability of the subsequent excavation even though it is larger. 

Numerical analyses indicate that drifts with the roofline located at a clay seam develop 
less strain in the roof than drifts with roof beams, over equivalent time periods. 

Numerical analyses indicate that the removal of a highly deformed roof beam 
significantly improves the condition of the roof. 

The life of drifts with highly fractured roof beams can be significantly extended by 
removing the roof beam to the nearest clay seam. 

Some disadvantages associated with the roof beam removal include: 

1. Beam removal would be more labor intensive in the short term than traditional methods 
of ground support. Beam removal techniques and procedures need to be developed. 
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2. The new roof may be more difficult to observe and maintain because of the increased 
height. 

3. There arEl limited data available regarding the behavior of the resulting beam when the 
first beam is removed. 

4. The increased opening dimension increases potential subsidence magnitude (if applied 
extensively). 

5. The alteration of drift dimensions may require an adjustment of the ventilation 
specifications for a particular area. 

6. The waste rock must be processed. 

10.3 EVALUATION AND IMPLEMENTATION OF NEW SUPPORT TECHNOLOGIES 

The Ground Control Section of Geotechnical Engineering continues to investigate new or 
alternative technologies for use in underground support. The most promising include systems 
which can yield along with normal rock creep and deformation, but still provide substantial 
support as roof strata break up or detach. 

The threaded bar bolt systems currently in use in the underground are performing well from 
the standpoint of providing excellent load-bearing capacity. However, over time, they are not 
expected to perform as well in offset. The most promising system to address all of the design 
bases appear to be cable bolts with yielding anchors or yielding collars. Laboratory testing to 
evaluate these technologies is in progress. Initial results from the laboratory tests are promis
ing. 

New technologies will be evaluated as they become available and will be used as they are 
proven. Given the requirement to maintain underground openings for up to 40 years and with 
few alternatives for relocation of haulageways, it is expected that underground support systems 
will evolve and become more refined and complex through the life of the WIPP. 

10.3.1 Yielding Ground Support Systems 

Information on several yielding systems is being compiled through laboratory and in situ 
testing, and data on their components are being evaluated. Yielding systems may offer the 
greatest advantages for long-term ground support because it is anticipated that they should 
perform better than rigid systems with regard to creep and offset loading, but still provide the 
required deadweight load support. 
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10.3.2 Ground Control System Testing Program 

Testing of various ground support components and systems is currently being performed. 
This testing program will be expanded as necessary to more fully evaluate and document the 
operational performance of proposed systems. The in situ testing program will also serve as a 
means of developing and/or perfecting installation procedures for new systems. Testing of the 
following systems was performed or is ongoing at this time: 

1. No. 7 grade 60 threaded bar with full-load nut. This system is currently in place in 
several areas of the underground facility to supplement existing mechanical anchor 
rockbolt systems. The system is comprised of No. 7 (7/8-inch diameter) (22-millimeter 
diameter) deformed threaded rebar which is resin anchor~d above the first clay seam. 
A 6-inch (.15 meter) square bearing plate is secured to the collar end with a nut which 
is hand tightened. This system will resist loading until the ultimate strength of the bolt 
is reached. 

Testing performed on this system to date includes standard in situ pull tests to evaluate 
anchorage capacity, laboratory tensile tests, and specialized offset loading tests. The 
offset load testing is intended to simulate the effects of the lateral movements observed 
at the anhydrite/clay seams at the WIPP. Results of the testing indicate that this 
system is superior to the mechanical anchor rockbolts previously used at the WIPP with 
respect to anchorage capacity and reaction to offset loading. 

2. No. 7 grade 60 threaded bar with Dywidag slipnut. This system is identical to the 
above mentioned threaded bar system with the exception of the nut. Dywidag Systems 
Inc. has developed a nut for use on the threaded bar which is capable of cutting threads 
from the bolt within an engineered variable load range (i.e., the nut slips down the 
threaded bar). The load at which the nut slips is determined by the design of the nut 
but would be somewhat lower than the yield strength of the bolt. The intent of the 
slipnut is to allow the system to yield with the creep closure of the opening. The system 
allows for the addition of a full load nut if the slipnuts do not perform as desired. 

The manufacturer has performed numerous direct pull tensile tests on this system to 
determine the yield characteristics of the slipnut. An outside consultant has also 
performed offset load tests of the threaded bar with the slipnut attached to allow for 
yielding at the collar end. Results of the direct pull tests indicate that the slipnut will 
yield well below the yield point of the bolt as the nut cuts threads and moves down the 
bolt shaft. When the slipnut yields, the load on the bolt drops to zero or near zero, 
which results in cyclic loading during the displacement phase. The results of the offset 
loading tests indicate that systems which are allowed to yield at the collar end are less 
likely to fail at the point of offset than systems which are fixed at the collar end. 

In addition, full-scale emplacements of threaded bar and slipnut systems were installed 
in Room D and the north half of Room 4, Panel 1. These systems also incorporate 
selected rockbolts equipped with load cells and strain gages for monitoring purposes. 
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The results of the laboratory testing and continued monitoring of the full-scale emplace
ments will determine the viability of additional use of the slipnut system as designed. 

3. No. 7 grade 60 threaded bar with yielding rockbolt insert. This system is identical to 
the system described in No. 1, except that it allows for a yielding component to be 
inserted between the full-load nut and the bearing plate. The type of yielding insert can 
vary, and various types of inserts are being tested in the laboratory and in situ to 
determine their performance characteristics. Preliminary testing has been performed 
on two different insert designs; RE/SPEC yielding collars and Titan Load Indicators. 

The RE/SPEC yielding collar is a modification of the Bureau of Mines yielding steel post 
design which involves forcing a pipe or metal cylinder with a prescribed outside 
diameter expansion collar into a pipe with a slightly smaller inside diameter. The yield 
length is determined by the length of the pipes. Direct-pull tests with the yielding collar 
installed on a rockbolt were performed. The collars exhibited an elastic load buildup 
over approximately the first half inch of displacement with yield occurring under 1 inch 
(25.4 millimeters) of displacement. Several of the collars experienced a dynamic release 
of approximately 50 percent of the elastic load buildup followed by yielding. After 
yielding commenced, the load remained very steady over the entire yielding length of 
the collar. 

The Titan Load Indicator is a metal cylinder with machined grooves which enable the 
cylinder to collapse at selected loads. The precision design of the insert allows it to 
serve as a load indicator, while the collapsible feature allows it to serve as a yielding 
component. Direct-pull tests were performed with the load indicator installed on a 
rockbolt. The indicators tested each had three grooves which all yielded at different 
loads as prescribed. During yielding, there was only a small reduction in bearing 
capacity followed by load buildup to the next yield point. 

4. Tensionable cable bolt with Dywidag slipnut. Dywidag manufactures a tensionable 
cable bolt consisting of a 0.6-inch-diameter (15-millimeter-diameter), grade 270 cable, 
which terminates on the collar end with a No. 7 grade 60 threaded bar. The threaded 
bar is compatible with their slipnut which results in a yielding system. 

Direct-pull tests of the tensionable cable bolts with slipnuts installed were performed. 
All of the nuts slipped with uniform peaks, with the load dropping to zero, and then 
reloading to the next slip. A noted difference between these tests and previous tests 
with Dywidag bar is that the tails tended to form a dog-leg beyond the slipnut during 
load application. The tails exhibited or retained notable curvature after testing was 

. completed. 

Offset load testing was also performed on this system. The yielding nut allowed the 
cable to be laterally offset several inches without failing. 

5. Rocky Mountain bolt -yielding cable bolt. This bolt is currently in a prototype stage, 
but initial laboratory testing has been performed with good results. The system consists 
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of a 0.6-inch-diameter ( 15-millimeter-diameter), grade 270 cable with a yielding 
component on the collar end. The yielding component consists of a bullet-shaped tube 
installed on the center strand of the cable which increases its effective diameter. The 
section of the cable containing the tube is pulled through a con.fining cylinder or slide 
chamber. The tube installed on the center strand can be varied in diameter and length 
to produce various yield characteristics. The allowable displacement is controlled by the 
length of the cable tail. 

Direct-pull tests of this system were performed. In all cases, a straight elastic loading 
was followed by the yielding of the cable through the slide chamber. In general, peak 
load was reached after about 8 inches (0.20 meter). Yielding was very constant at 
approximately ::t5 percent of the peak load. No component failures were noted. The test 
series was varied to gather data for yielding systems with peak loads varying from 
approximately 50,000 lbs. (222 kN) to under 20,000 lbs. (89 kN). 

6. Locotos cable bolt with yielding swedge collar. Locotos Bolt Manufacturing has 
produced a system which consists of a 0.6-inch-diameter ( 15-millimeter-diameter), 
grade 270 cable with an optional 10-inch (0.25-meter) bispiral mixer at one end and a 
swedged collar at the other end. The collar end of the bolt consists of a swedged or 
crimped collar approximately 8 inches (0.20 meter) long. The swedged collar is designed 
to slip on the cable at a load somewhere below the yield point of the cable. The 
allowable displacement is controlled by the length of the cable tail. 

Direct-pull tests of this yielding cable bolt system were performed. Two versions of this 
system were tested with similar results. The majority of the tests showed an elastic 
loading of the bolt up to approximately 30,000 lbs. (133 kN). At that point, the crimped 
collar slipped dynamically or jumped as much as 0.5 inch (13 millimeters). When this 
occurred, the load dropped to zero and elastic loading recommenced after any slack was 
taken up by the displacement. Before reaching the peak where the dynamic jump 
previously occurred, the collar began to yield smoothly. In one test, it appeared that one 
of the outer cable strands broke during one of the dynamic slips. 

10.4 SUPPORT SYSTEM RATINGS 

Table 10-1 presents a numerical rating of ground control systems which were tested in situ 
and/or in the laboratory with an emphasis to WIPP conditions. The systems were rated by 
Geotechnical Engineering personnel based on design criteria, as described in Section 2.2 of this 
report, and on cost. Many of these systems are currently in place at the WIPP in either a full. 
scale or small-scale installation. 

The ratings represent an average compiled from five independent evaluations. Although the 
ratings are based on testing results as well as operational experience, they are inherently 
subjective. It is not the intent of the ratings to eliminate a system for consideration, but to 
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* Systems were rated on a scale of 1 to 5. A rating of 5 is the best. The ratings are weighted toward the first three categories a 
(Deadweight Load Support, Reaction to Vertical Deformation, and Reaction to Lateral Loading) by multiplying their individual -
ratings by 2, then adding the remaining categories to obtain the total. Ratings are based on information obtained from in situ ff 
tests, laboratory tests, and monitoring of installed systems at the WIPP. ~ 

rD 

NOTE: A high rating does not automatically make a system the choice for all situations. Other factors that affect the selection ~ 
process include but are not limited to: the life expectancy of the area, other ground support systems in place, and operational 
requirements of the area. 



provide another tool to aid in the process of support system selection. The table provides a 
quick reference as to how a particular system will react to specific design criteria. Many 
variables are involved in the final choice of a system for installation and all are considered in 
the evaluation and selection process. 
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11.0 CONCLUSIONS 

The conclusions presented herein are based on background information, laboratory and in 
situ testing results, and documents referenced in the previous sections of this document. 

11.1 EXISTING SYSTEMS 

1. The life span of support systems is dependent on the deformation rates (vertical and 
horizontal) of the rock and the deformation characteristics of system components. The 
life span of a rigid system is minimized when installed soon after excavation, when 
deformation rates are largest but need for support is at a minimum. 

2. Bolt failures are occurring at an increasing rate. This is the expected result for rigid 
support systems. Because of creep closure, any rigid support system has a finite life. 
Most bolt failures to date involve 5/8-inch-diameter (16-millimeter-diameter) and 
3/4-inch-diameter (19-millimeter-diameter) mechanical anchor rockbolts. 

3. Rockholt failures at the WIPP do not necessarily imply ground stability problems. 

4. Laboratory tests and scanning electron microscope examinations of failed rockbolts from 
the WIPP site indicate that most of the failures analyzed have been brittle-type failures 
as opposed to ultimate strength (tensile) failures. 

5. Investigations of failed rockbolts from the WIPP site suggest that the brittle failure of 
rockbolts partially results from stress corrosion and associated hydrogen embrittlement. 
Other factors that may influence premature failures include: nonvertical bolt 
installation, non-perpendicular bearing plate installation, overtorquing during 
installation, and stresses induced at Clay G. 

6. Borehole camera investigations performed in failed rockbolt boreholes show brittle-type 
failure and corrosion surfaces on the bolt portion remaining in the hole and evidence of 
corrosion (staining) on the rock near the failure point. 

7. Borehole camera investigations also show salt to be "flowing" around the bolt as opposed 
to deforming or shearing the bolt. The camera surveys have only been able to see what 
is below Clay G, it is not known how the salt is behaving above the seam. 

8. Laboratory and in situ tests indicate that failure of the anchor in the current 
mechanical anchor systems may occur before the bolt shaft reaches its ultimate 
strength. This failure may be either anchor slippage or wedge pull through. However, 
only a very small percentage of recorded WIPP rockbolt failures to date have been 
attributed to anchor failure. 

59 



11.2 GEOMECHANICAL DATA 

1. Geotechnical data show that rockbolt systems have little or no effect on creep closure. 
It is not clear what effect rockbolting of the roof beam has on fracture mechanisms. 

2. Vertical displacements in the roof are typically greatest at the midspan of an opening 
and the least near the ribs. 

3. Horizontal offsets occur as shallow spalls and at clay seams. The greatest rate and 
magnitude of the observed offsets is near the ribs and typically decreases toward the 
longitudinal centerline of the room. When observed in boreholes, the portion of the 
borehole from the collar to the offset moves towards the center of the excavation. It is 
not unusual for a highly fractured area to exhibit significant asymmetric lateral 
movement. Fractures result in areas of weakness, and movement will be toward zones 
of least resistance. 

4. The failure mechanism associated with lateral displacements imposed on support system 
components as a result of strata offset is not fully understood. It is known that these 
lateral forces are a significant factor in bolt failures, especially in systems installed soon 
after excavation. 

5. The salt above Anhydrite "b" is not experiencing the degree of expansion and fracturing 
as the beam of salt below the anhydrite seam. Inclinometer and extensometer data 
indicate that the largest movements are primarily taking place within the roof beam up 
to Anhydrite "b" (repository horizon). If the roof beam is removed or future excavations 
include mining to Anhydrite "b," monitoring of the roof will be required to fully evaluate 
this configuration. 

6. Field data and numerical analyses indicate that a drift with a clay seam at the roof has 
a more stable roof than a drift with a roof beam. 

7. For existing drifts with long anticipated lives (e.g., E140), additional excavation may be 
required because of creep closure 

11.3 MONITORING 

1. Monitoring involving visual and geomechanical instrumentation methods is required to 
evaluate dynamic ground conditions. A well designed and implemented monitoring 
program provides adequate warning of deteriorating ground conditions [DOE, 1991a]. 

2. Visual evidence of deteriorating ground conditions, such as vertical and horizontal 
fractures, does not in itself, provide an accurate means by which to estimate the safe 
life of a roof beam. Visual assessments should be used to help determine if accelerated 
geotechnical monitoring is required in specific areas. Ground control and operational 
decisions should be based on engineering analysis and evaluation of all available 
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geotechnical data and information. 

3. The timing of installation of new systems in existing excavations should be based on an 
assessment of the visual and geotechnical data for the area. 

11.4 NEW SYSTEMS 

1. Ground support systems must have yieldable components to be considered long-term 
systems (i.e., systems that will last in excess of 10 years). 

2. Corrosion protection should be considered for long-term ground support systems. 

3. Oversizing or reaming the rockbolt borehole from the collar to the first clay seam above 
the roof will provide additional time before a rockbolt is exposed to lateral loading. 

4. If ground conditions permit, installation of support systems in new excavations should 
not be performed until some time after steady state or near steady state conditions of 
rock deformation have been reached. Strain rates within the formation are greatest 
immediately after excavation and for 1 to 2 years following excavation. Installing a 
support system during this initial period of high strain reduces the life span of that 
system. 
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12.0 PLANNED AND RECOMMENDED ACTIONS 

This section contains planned actions as well as recommendations based on the conclusions 
put forth in the previous section and design criteria established in Chapter 3.0. These activities 
pertain to testing, evaluation, installation, and monitoring of proposed ground control systems 
and geotechnical monitoring in general. Planned actions will be implemented in accordance 
with the general requirements for the control of test activities. Implementation of these planned 
actions is to be in accordance with the quality assurance requirements of the WIPP Geotechnical 
Engineering Quality Assurance Program [Westinghouse, 1991b]. This quality assurance 
program is based on the requirements and guidance of DOE Order 5700.6C, "Quality Assurance" 
[DOE, 1991c] and the basic and supplemental requirements of the American Society of 
Mechanical Engineers '(ASME) Nuclear Quality Assurance (NQA-1), "Quality Assurance 
Program for Nuclear Facilities" [ANSI/ASME, 1989]. The requirements are implemented using 
a risk-based graded approach. 

All proposed actions presented in this section are subject to time and budgetary constraints. 
Some items may not be addressed or may be delayed. 

12.1 GROUND CONTROL SYSTEM TESTING PROGRAM 

Testing of various ground support components and systems is currently being performed. 
This testing program will be expanded to more fully evaluate and document the operational 
performance of proposed systems. This testing program should also serve as a means of 
developing and/or perfecting installation procedures. Testing of the following systems is planned 
at this time: 

1. No. 7 grade 60 threaded bar with full-load nut. 

2. No. 7 grade 60 threaded bar with Dywidag slipnut. 

3. No. 7 grade 60 threaded bar with yielding rockbolt inserts. 

4. Tensionable cable bolt with Dywidag slipnut. 

5. Rocky Mountain cable bolt with yielding collar. 

The Locotos cable bolt received a high rating with respect to the parameters in Table 10-1, 
but because of dynamic slips associated with the collar as described in section 10.3.2, no further 
testing of this system is planned at this time. Other systems may be discovered or developed 
in the future, and they will be tested and evaluated as appropriate. A detailed description of · 
the proposed testing program is presented in Appendix B. 
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12.2 CORROSION EFFECTS AND PROTECTION EVALUATION 

In situ and laboratory testing to evaluate the effects of corrosion on various ground control 
components in use at the WIPP is planned. The generic scope of work follows: 

1. Determine the degree of corrosion degradation on select ground control components with 
respect to time relative to a WIPP environment (salt). Materials in use at or proposed 
for use at the WIPP which will be tested include: 

a. No. 7 grade 60 threaded bar. 

b. 3/4 .. inch-diameter (19-millimeter-diameter) grade 75 rockbolts. 

c. 0.6-inch-diameter (15-millimeter-diameter) grade 270, 7-strand cable bolts. 

d. Termination components (nuts, swedges, etc.). 

2. Evaluate the relationship of lateral and longitudinal loading (strain) on the above 
mentioned materials with respect to the corrosion process. For example, if a bolt is 
bent, is the area of the bend more susceptible to corrosion initiation and possible crack 
propagation? 

3. Evaluate the effect of varying degrees of corrosion on the material properties of tested 
specimens. Quantify the reduction in yield strength and ductility with respect to the 
degree of corrosion. 

4. Evaluate the role of hydrogen embrittlement in the overall corrosion process and 
subsequent material failure. 

5. Evaluate the efficacy of various corrosion protection measures such as epoxy coatings 
or site applied coatings. 

6. Evaluate the interrelation of corrosion with the resin-anchor systems used at the WIPP. 

Ground control systems installed for long-term requirements should incorporate some form 
of corrosion protection. This protection could be in the form of a coating that is applied to the 
components by the manufacturer or on site, or as a sleeve (e.g., polyethylene tubing) that is 
incorporated during the installation procedure. In addition to the tests on corrosion protection 
measures which will be performed under the scope of services listed above, several issues 
relative to the operational aspects of corrosion protection will be evaluated. These issues 
include: 

1. Resistance of the corrosion protection to breaching as a result oflateral and longitudinal 
loading. 

2. The effect of corrosion protection on the anchorage capacity of the bolt. 

3. The effect of corrosion protection measures on support system installation procedures. 
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12.3 IN SITU INVESTIGATION OF ROCKBOLT FAILURES 

Additional in situ investigations of rockbolt failures will be performed to supplement what 
has been completed to date. Information gathered from this work may reduce or eliminate the 
requirements for some laboratory testing recommended in Appendix B. In particular, the 
laboratory direct shear testing may not be needed. Investigations to be performed include: 

1. Additional borehole camera surveys of failed rockbolt boreholes. Comparisons will be 
made, where possible, of bolts that failed at different ages (e.g., bolts that failed after 
they had been in place 2 years as compared to bolts that failed after they had been in 
place 5 years). Documentation will be made of the apparent failure mode (i.e., brittle 
or tensile), fracture location with respect to clay seam, evidence of corrosion effects, 
evidence of bending or other deformation, and creep or flow of salt around the bolt shaft. 

2. Full-length overcore of failed rockbolts. Several failed rockbolts of the same age as well 
as bolts of different age may be overcored. The same criteria as in Item 1 will be 
evaluated. In addition to comparison of borehole camera investigations, the overcoring 
provides the ability to see what is happening within and above the clay seam. What is 
taking place at the anchor is another important piece of information that may be 
determined by overcoring. 

12.4 ROOF BEAM REMOVAL 

The concept of roof beam removal is not addressed in detail in this document. However, 
an in-depth investigation of this concept is presented in the document entitled Investigation of 
The Advantages of Removing Highly Fractured Roof Beams [DOE, 1994]. This document 
concludes that roof beam removal is a viable alternative in older excavations with highly 
fractured roofs that require high maintenance efforts. The roof beam in a section of the E 140 
drift will be removed according to current plans. 

Removal of the roof beam in the E140 drift will accomplish the following goals: 

• The fractured beam (along with ~.2e concerns over the further deterioration of the beam) 
will be. removed. The result will be an access drift to waste storage areas with a high 
stable roof and a much extended life. 

• The old rockbolts that may be nearing their effective life will be removed with the beam 
which also removes the potential hazard from broken bolts. 

• Removal of the beam will provide a unique opportunity to visually observe the fracture 
system present within the beam. The condition of the existing rockbolts as well as how 
the rockbolts may affect fracture development within the beam are also valuable data for 
design and evaluation purposes. 
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• The resulting drift with a clay seam at the roof will provide valuable geotechnical data 
on the stability of an opening that has had the roof beam removed several years after 
initial excavation. 

• The removal of the beam will serve as a training exercise. Safety is our first concern, and 
the current status of operations at the site enables this work to be performed at a pace 
that will assure that safety. The removal procedure can be developed and refined as 
needed so the work can be performed in the safest and most efficient manner. The 
results of this removal process would aid in the assessment of the feasibility of beam 
removal in other parts of the facility. If beam removal in other areas becomes a preferred 
or required remediation option in the future, it could be performed wi~h experienced 
personnel. From a pragmatic viewpoint, now is a much better time to develop beam 
removal techniques than after receipt of waste. 

Results of the beam removal operation in the E 140 drift will aid in determining the viability 
of this remediation option for other areas of the facility. Serious consideration should be given 
to this option for any area which has a long-term life projection. Areas in particular include the 
remainder of the E 140 drift and rooms in Panel 1. Beam removal in Panel 1 would also provide 
an opportunity to acquire valuable geotechnical information with respect to panel configuration 
rooms with a clay seam at the roof. Beam removal in Panel 1 and its access drifts would also 
create additional waste storage capacity for those areas. 

12.5 GEOTECHNICAL MONITORING 

The geotechnical monitoring program, which includes visual and instrument monitoring, 
will be expanded as necessary to assure adequate and appropriate coverage of all accessible 
areas of the facility. A survey of all operating instrumentation, intact closure measurement 
stations, and zones of coverage will be performed and evaluated to determine the requirements 
for additional monitoring. Recommendations regarding the geotechnical monitoring program 
include: 

1. Establish a procedure which provides for an annual assessment of all geotechnical 
instrumentation to determine additional monitoring requirements. 

2. Install closure stations, borehole extensometers, joint meters, and other instrumentation 
as required. 

3. Maintain consistency during installation of instrumentation. The objective is to make 
data from different zones as comparable as possible for analysis purposes. 

4. Install Titan Load Indicators on future cable mesh systems. This serves two purposes 
as they provide an indication of the load being placed on the cables and also introduce 
a yielding component into the system. 
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5. Establish a procedure for quarterly, semiannual, and annual geotechnical evaluations 
of ground control zones. 

6. Areas or zones which may require additional support within a year of the most recent 
evaluation should be reevaluated on a quarterly basis. Areas that are expected to 
require supplementary support within 5 years should be reevaluated on a semiannual 
basis. Areas that appear stable and no additional support is anticipated in the 
foreseeable future should be reevaluated on an annual basis. 

Comprehensive monitoring of the ground conditions throughout the facility provides the 
time and safety level necessary to evaluate and select the most appropriate ground control 
options before a problem exists. 

12.6 SUPPORT SYSTEM PERFORMANCE MONITORING 

Monitoring of selected components of the small-scale and room-scale tests as proposed in 
Appendix A will be performed. Monitoring of the support system performance provides an 
assessment of the manner in which the support is controlling roof movements. The basis for 
the instrumentation will be that the measurements are simple, that instrumentation is easily 
replaced if it malfunctions (this will be addressed with redundancy for strain gages), and that 
performance of each system can be continuously monitored and readily compared with 
performance of other systems. Criteria that will be monitored include: 

1. Load development in selected rockbolts and/or cables. 

2. Rockholt strain that is associated with the build-up of load. 

3. Amount and rate of yield on yielding systems. 

4. If possible, the performance of corrosion protection systems. 

As noted in the previous section, geomechanical instrumentation will be installed in 
conjunction with the system monitoring instrumentation so comparisons can be made. 
Comparisons will be made between factors such as, roof beam expansion to bolt load and to bolt 
strain for example. An objective will be to ascertain whether a support system can affect roof 
rock movement. 

12.7 NUMERICAL MODELING 

Additional numerical modeling is recommended to address the following issues: 

1. The effects of mining sequence and mining rates on stress distribution and overall 
stability of an opening. The objective of this modeling will be to determine if specific 
mining methods can be utilized to improve the stability and extend the unsupported life 
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of an opening. 

2. The effect of specific rockbolt patterns or support systems on deformation of the roof 
beam . . 

3. The effect of opening size and shape on roof stability. 

4. Three-dimensional analyses of opening and support system stability. 

12.8 SHORT-TERM REQUIREMENTS 

It must be recognized that regardless of the long-term ground control measures initiated, 
there will continue to be ground stability issues that must be addressed on a contemporary 
basis. Geotechnical Engineering is monitoring ground conditions and support systems in a 
variety of ways and these activities will continue. The requirements that personnel inspect 
their work area daily and Mine Operations visually inspect the facility on a weekly basis is in 
effect. Some additional issues that are being addressed in the near-term include: 

• Continued monitoring and evaluation of Panel 1 based on current requirements. 

• Expansion of the remote Ground Control Monitoring System (GCMS). 

• Quarterly and semiannual assessments of prioritized areas by Geotechnical Engineering. 

• Additional monitoring systems will be installed, if required, in areas with roof stability 
concerns. 
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APPENDIX A 
GROUND CONTROL COMPONENTS 

This section presents general information on ground support components which are 
currently on the market or are being developed. Some of the components dLcussed are now in 
use at the WIPP site in either an operational or test mode. Ground support components can be 
classified into three general areas; bolts, anchors, and fixtures. With a few exceptions, most of 
the components listed must be combined in some manner to form a ground support system. 

A.1 BOLTS 

The term "bolt" can be misleading in reference to ground support components. The bolt is 
the component which provides the length or span required to attach ground to be supported to 
more competent ground nearby. The bolt may be a threaded rod, a tube, a multistrand cable, 
a wire rope, etc. Bolts may be stand-alone systems or may require the use of various anchors 
and support fixtures. 

A.1.1 Mechanical Anchor Rockbolts 

A rockbolt with a mechanical or expansion shell anchor is the oldest and most common 
rockbolt in use today. These point-anchored bolts are threaded at one end to accommodate the 
anchor. The other end may either be threaded to accept a nut or have a fixed head. At the 
current time, almost all of the WIPP underground is pattern bolted with mechanical anchor 
rockbolts with fixed heads. 

A.1.2 Deformed Threaded Rebar 

A rolled rebar or threaded bar support bolt is currently in limited use at the WIPP. 
Industry-preferred bar sizes are No. 6 (3/4 inch (19 millimeters)), No. 7 (7/8 inch (22 
millimeters)), and No. 8 (1 inch (25 millimeters)) and diameters of 16, 20, 22, and 25 
millimeters. Limited pattern bolting has been performed at the WIPP with No. 7 and No. 8 
threaded bar. These bolts can be either fully bonded or point-anchored with grout or resin. A 
nut and plate-type support fixture is used on the threaded bar at the room surface. Threaded 
bar can be field cut to desired length since it has nearly indestructible continuous threads. 

A.1.3 Cable Bolt 

Bolts have been fabricated which utilize a seven strand, 0.6-inch-diameter ( 15-millimeter
diameter ), grade 270 cable. Cable bolts require special adapters on the anchor end for mixing 
resin and on the free end for attaching a support fixture. These bolts can be fully resin-
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encapsulated, fully cement-grouted, or they can be point-anchored with resin or grout. Cable 
bolts can be coated for corrosion resistance. 

A.1.4 Swellex Bolts 

Atlas Copco, a Swedish company, manufactures a unique rock support concept called a 
Swellex bolt. This bolt consists of a collapsed tube which is placed in a borehole and expanded 
with high pressure water (4,300 psi). Once expanded, the friction of the bolt against the 
borehole walls provides the anchorage. Atlas Copco makes several types of these bolts but the 
one of most interest to the WIPP is the Yielding Super-Swellex. A heat treatment process 
produces a bolt that has improved elongation properties. A coating process is also available to 
make the bolts more resistant to corrosion. 

A.1.5 Splltsets 

Ingersoll-Rand markets a rockbolt referred to as a splitset. The splitset is basically a slotted 
tube which is made from a steel band. The tube is tapered at the top to facilitate insertion into 
the borehole and a steel ring is welded onto the bottom to support a load bearing plate. The 
splitset is inserted into a borehole that is slightly smaller than the diameter of the tube. The 
slot allows the tube to compress and friction of the tube on the borehole wall creates the 
anchorage. 

A.1.6 Cone Bolts 

A new generation of cone bolts has been developed for use in South African gold mines. 
Cone bolts are designed to reduce rockburst damage in tunnels and other excavations and to 
survive and continue to provide support in excavations subjected to quasi-static rock wall 
expansion of 500 millimeters (19.68 inches) or more. Because these bolts are fully grouted, the 
yield and failure modes cannot be monitored. 

A.1.7 High Strength Steel Strand Bolt (Wire Rope) 

A high strength steel strand bolt (Flexibolt) has been developed by Barrett, Fuller & 
Partners, an Australian company, as a replacement for conventional rigid bolts for primary 
support in coal mines. A new cable termination system was developed for this bolt to allow it 
to be spun through a resin cartridge and is capable of developing a plate load in excess of 
50 tons ( 45.4 metric tons). This bolt is point anchored with resin and requires a plate-type 
support fixture. These bolts are in a prototype stage and are not currently available on the open 
market. 
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A.1.8 Exotic Steel Bolts 

Heintzmann, a German company, has manufactured two different elongation bolts. The two 
bolts are virtually identical with the exception of bolt material; one bolt is made of an austenite 
steel and one is made of a ferritic steel. The principle behind these bolts is that they are 
anchored at the top and bottom of the bolt with a resin adhesive and the center section of the 
bolt is allowed to deform. The length of the freely moving section multiplied by the admissible 
elongation of the material gives the allowable elongation unit of the bolt. These bolts are not 
commercially available at the present time. 

Dywidag Systems Inc. produces a bolt referred to as a Tempcore bolt. These bolts are 
manufactured in Europe using the "Tempcore" process which produces a bar that is slightly 
stronger than a Dywidag standard grade 60 bar, but which reportedly has much better 
elongation properties. Tempcore bolts are anchored in the same manner as standard Dywidag 
threadbar bolts and also require a nut and plate-type support fixture. 

A.2 ANCHORS 

Anchors for rockbolts can be either mechanical, such as expansion shells, or grouts (resin 
and cement). Expansion shell anchors are currently the most widely used, not only at the WIPP 
site, but also worldwide. Mechanical anchors provide a point-anchor only; whereas, a grout can 
be used for point anchoring or full column anchoring. Point anchoring implies that only part 
of the rockbolt is anchored with the remainder being free to move within the borehole. 

A.2.1 Expansion Shell Anchors 

The most common type of expansion shell is the bail type, which comes in a wide number 
of versions and sizes. The principle of operation of an expansion shell is that a wedged-shaped 
nut is pulled between two or more ribbed plates so that they separate and are forced against 
the borehole wall. Expansion shell anchors are sized according to the bolt to be used and 
borehole diameter. 

A.2.2 Resin {Adhesive) 

Resin is normally supplied as cartridges containing both resin and hardener. The resin and 
harden.er are separated within one cartridge and are mixed by the bolt as part of the installation 
process. A common resin is polyester based and comes in plastic skin cartridges. Resin is 
mixed with quartz or limestone powder as a filler to keep costs down. The hardener is kept in 
a glass tube or in a separate compartment within the cartridge. Celtite and Dupont brand 
resins have been used at the WIPP, but other brands are available. Curing time for the resin 
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can be varied by the manufacturers and is generally specified when ordering. Point anchoring 
and full encapsulation are both easily achievable with resin adhesive. 

A.2.3 Cement Grout 

Cement grouts are available from several manufactures and can be mixed in bulk on site. 
Cement grouts can be pumped into the borehole following installation of the bolt. Point 
anchoring is possible with cement grouts using cement-filled cartridges which are soaked in 
water before inserting them in the borehole. Point anchoring is also possible with pumpable 
grouts, but it is more common when pumping cement grout to fully encapsulate a bolt. 

A.3 FIXTURES 

For the purpose of this document, a support fixture is defined as any device attached to the 
free or exposed end of a rockbolt to provide ground support, distribute load, or facilitate 
attachment of peripheral equipment. 

A.3.1 Nuts 

A full-load nut is any thread-on nut which is capable of sustaining a load equivalent to the 
ultimate strength of the bolt without failing. 

Dywidag has developed and is refining a slipnut for use on their standard No. 7 grade 60 
threadbar. After reaching a critical load, the nut slips along the bar projection while 
maintaining a slip resistance. The yield distance is controlled by the amount of bolt tail left 
protruding from the roof. At the end of the slip distance, a full-load stop nut will allow the bolt 
to be loaded to its ultimate strength. The slipnut can be threaded onto the bar like any other 
Dywidag nut. It has a spherical face which is seated in a domed plate for angular compensa
tion. 

A.3.2 Load-Bearing Plates 

Load-bearing plates serve to distribute the load from the exposed end of the bolt or threaded 
bar to the rock face or intermediate member. These plates are generally approximately 6 inches 
(0.15 meters) square and 1/4- to 3/8-inch (6.35- to 9.52-millimeters) thick. At the WIPP, 3/4-inch 
( 19-millimeter) plates are used with systems incorporating load cells. Bearing plates may be 
rigid or have yielding characteristics. It is preferred that a bearing plate have a yield point 
somewhat below the ultimate strength of the bolt in order to provide an indication that the bolt 
is near to its ultimate strength. 
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A.3.3 Spherical Washer 

Spherical washers are flat on one side and have a spherical face on the other side. The 
combination of a spherical washer together with a depression in the bearing plate produces a 
ball-and-socket joint permitting slight angular difference between the bolt direction and the 
normal to the bearing plate. 

A.3.4 Cable Shoes and Horn Stirrups 

These fixtures are used for attaching wirerope cables to rockbolts. Cable shoes are attached 
to the roof with rockbolts. The horn stirrup attaches to the shoe and allows for adjustment in 
the tension of the cables. 

A.3.5 Load lndlcatorsNleldlng Collars 

A German company manufactures a collapsible collar, called the Titan Load Indicator, which 
may be adaptable to several bolt configurations. The collar collapses in an accordion fashion 
at a designated load, and its primary purpose is as an indicator of load buildup. Current 
designs of the collar offer a limited yield range of approximately 1 inch (25 millimeters). 

AU .S. company has produced yielding collars in a prototype form. Referred to as a rockbolt 
insert, the insert is based on the concept of forcing one metal cylinder inside another hollow 
metal cylinder such that the outer cylinder yields (flows plastically) but does not rupture. The 
force required to cause yielding in the outer cylinder depends on several variables, including the 
yield strength of the material in the hollow cylinder, frictional properties of the material, and 
the geometry of the cylinders. Load characteristics can be selected by design, and the rockbolt 
insert can be modified to accommodate low roof clearance by recessing the insert into the roof 
with the use of a housing. 
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APPENDIX B 
PLANNED COMPONENT AND SYSTEM TESTING PROGRAM 

This section ::resents an overview of component and system testing which has taken place 
to date and an outline of a proposed testing program. The objective of the testing program is 
to determine the most effective ground control options relative to geotechnical conditions and 
operational requirements of the Waste Isolation Pilot Plant. Section A.1 is included to provide 
some background on what testing was previously performed or is in progress with respect to 
systems under consideration for use at the WIPP, and to provide some examples of data that 
is being acquired from that testing. Planned testing will evaluate the factors which affect the 
operational integrity of bolting systems in the WIPP geologic environment. These factors 
include: 

1. Bolt load c;apacity. 

2. Bolt anchorage capacity. · 

3. Axial deformation of the support system as a result of creep (beam expansion). 

4. Lateral offset at clay seams. 

5. Effects of stress corrosion. 

Pref erred systems will be able to support the deadweight load of the roof beam member and 
continue to function in the presence of the displacement and corrosion factors. 

8.1 ON-SITE OR SITE-SPECIFIC TESTING TO DATE 

Testing of rockbolts and anchor systems began at approximately the same time as the first 
excavations at the WIPP [US DOE, 1981]1

• These early tests were performed to verify 
specifications of existing off-the-shelf materials that were planned or proposed for use at the 
site. These initial tests involved mechanical anchor rockbolts and resin-anchored bolts. Since 
that time, testing has continued on a limited basis as a quality assurance measure. With the 
requirements that were imposed during the then planned Bin Scale Radioactive Tests in 
Room 1, Panel. l, a more extensive testing program was implemented. 

There is a great deal of information available from manufacturers regarding performance 
specifications of their products. There is not, however, a significant database of information on 
how these products will perform in the WIPP environment. In the past few years, several types 
of support components and systems have been tested in situ at the WIPP. These in situ tests 

1 U.S. Department of Energy, 1981. Rock Bolt Certification Tests In Salt Eddy County, NM. November 1981, 
WTSD-TME-3135, Waste Isolation Pilot Plant, Carlsbad, NM. 
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have included pull-type tests and scaled installations. The pull tests are short-term dynamic 
tests which place an axial load on the bolt which is intended to verify the anchorage capacity 
and yield strength of the bolts. The scaled tests include small-scale and full-scale installations 
of several types of systems which are monitored to evaluate their ability to provide adequate 
support when exposed to the axial and lateral loading conditions present at the WIPP. 

In addition to the in situ tests, laboratory tests funded by the project (independent of 
manufacturer testing) were performed on various components and systems. The laboratory 
testing, which is ongoing, is designed to address corrosion effects, elongation characteristics, and 
reaction of bolting systems to stratigraphic offset or lateral loading. To date, laboratory testing 
has been performed on mechanical anchor rockbolts; threaded bar rockbolts with full-load nuts; 
threaded bar rockbolts with various combinations of yielding components; and several variations 
of seven-strand cable bolts, with and without yielding components. Information gathered from 
the in situ and laboratory testing that has been completed at this time indicates the following: 

1. Stress corrosion may be a factor in premature bolt failures. 

2. Anchor slippage or failure is probable before reaching the ultimate shaft strength of a 
mechanical anchor rockbolt of the type currently in use at the WIPP. 

3. Point anchoring of threaded bar rockbolts with resin glue provides sufficient anchorage 
capacity. The bolts reach their yield point before anchor failure. 

4. The more rigid a bolting system the more susceptible it is to failure from lateral loads 
as well as axial loads. 

5. Allowing yield at the collar of the bolt decreases a system's susceptibility to failure from 
lateral loading. 

When evaluating the results of the laboratory testing, consideration must be given to the 
limitations of the test methods. In particular, the methods of applying lateral loads cannot 
accurately simulate the reaction of the rockbolt to the salt. It is probably not possible to 
simulate this tin1e-dependent phenomenon. These tests do, however, provide valuable data 
regarding axial loading resulting from lateral loads and reactions of different material types to 
lateral loads. 

B.2 PROPOSED TESTING 

With the requirements inclusive of this long-term ground control plan, the testing program 
has been expanded further and is comprised of four distinct subtasks. These subtasks include: 

1. Perform standard tensile testing and modified offset tests using available testing 
equipment on selected ground support components and systems currently under 
consideration for use at the WIPP. 
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2. Perform scaled salt block or concrete block lateral deformation tests on components and 
systems. 

3. Install limited quantities of selected support systems to investigate specific issues (e.g., 
axial deformation and lateral deformation). 

4. Perform room-scale testing of preferred options. 

The first three subtasks of this program are performed essentially in parallel. The results 
of the first three subtasks will be analyzed and may be used to determine which systems shall 
be tested on a room-scale basis. Criteria based on historical monitoring data will be applied 
during laboratory testing when possible. Axial displacement rates of 1 inch/year (25 milli
meters/year) and offset displacement rates of 112 inch/year (13 millimeters/year) will be used for 
design purposes. 

B.3 FULL-SCALE LABORATORY TESTS 

The objective of the full-scale laboratory testing is to perform axial and offset deformation 
testing on bolting systems and components to determine their effectiveness in the application 
of long-term use in the WIPP underground. The results of this testing may determine which 
systems or components will undergo further testing. 

B.3.1 Scope 

Each of the selected bolting systems and components will be tested using a testing device 
that is capable of applying both tensile and lateral forces. The testing will apply in situ criteria 
intended to simulate roof beam expansion and offset. Data collected will include tensile load, 
elongation measurements, lateral load, and offset measurements. These tests are relatively fast 
and inexpensive compared to in situ tests. For this reason, more components and/or systems 
may be tested. These tests are not perfect simulations of in situ conditions, in particular the 
phenomenon of salt flow around a rockbolt is not represented nor are corrosion effects. 

B.3.2 Method 

Attached are Figures B-1 and B-2 which are representative examples of what the testing 
device will look like. The testing fixture can be configured to allow for fixed point anchoring at 
one end and yieldable components at the other. Test parameters can be controlled in order to 
emulate ill situ displacement conditions. 
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Figure B-1. Rockholt Test Frame 
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B.4 LABORATORY SCALED-BLOCK LATERAL-DEFORMATION TESTS 

The logistics of performing scaled-block tests are not known at this time, and it may be that 
this type of test is economically impractical. However, if a plausible method of testing can be 
identified it will be considered. The objective of the laboratory lateral-deformation tests would 
be to simulate as closely as possible the effects of the offset observed at the clay seams on 
ground support components and systems. The requirement or need to perform these tests is 
somewhat dependent on the planned in situ investigation of failed rockbolts discussed in Section 
12.3. If an adequate understanding of the mechanisms and reactions involved between the 
strata offset and the bolting system can be achieved from the in situ investigation, these tests 
may not be performed. The method of testing presented here is hypothetical. 

8.4.1 Scope 

Using a testing device that is capable of applying both axial and lateral force, selected 
bolting systems and/or components will be tested. The testing will apply in situ criteria 
intended to simulate roof beam expansion and offset. 

8.4.2 Method 

The performance of a lateral-deformation test involves placing the component to be tested 
through a hole drilled or cast down the center axis of two blocks of material with mechanical 
properties that simulate properties of the rock in which the component will be used. For our 
purpose, the blocks could be actual blocks of salt from the WIPP site or concrete mixed in such 
a way as to have similar strength characteristics. The blocks are then placed in a testing 
machine which is capable of applying axial load to the system component as well as applying 
compressional and lateral loads to the salt or concrete blocks. 

B.5 SMALL-SCALE IN SITU TESTING 

Results of laboratory testing should provide data from which to base decisions on the 
selection of components and systems to be tested in situ on a limited scale. However, selection 
of systems to be tested in situ is not dependent on the laboratory tests. The objective of these 
tests is to further define which systems will be most applicable to long-term use by subjecting 
them to actual conditions. Installation and performance data from these small-scale tests 
should provide information which is applicable to full-scale installations. 

8.5.1 Scope 

A limited number of selected rockbolt systems will be installed at optimum locations in the 
underground to monitor and evaluate their performance. Test parameters such as hole 
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diameter, depth of installation, or types of plates and nuts will vary. Components will be 
instrumented to the degree necessary to obtain optimum data. Anticipated instrumentation will 
include load cells and strain gages. 

B.5.2 Method 

Locations for performance of these tests will be selected based on the information to be 
gathered. The objective of test location is to place the support assemblies in areas that will 
subject them to the most severe conditions relative to the desired information sought. Tests to 
evaluate system response to strata offset should be located near ribs where offset is greatest and 
preferably in newer excavations. Tests to evaluate effects of axial displacements should be 
located near the centerline oflarge spans where vertical closure is the greatest. These locations 
will provide response data in the shortest amount of time. 

8.6 FULL-SCALE IN SITU TESTING 

The objective of the full-scale testing is to further refine installation procedures developed 
during small-scale activities and to expose each selected support system to areal effects of actual 
in situ conditions. 

B.6.1 Scope 

The scope of the full-scale testing may vary according to near-term needs. The threaded bar 
system installed in Room 7, Panel l, while being a functional room size installation designed 
to address the ground control issues of that zone, can also be viewed as a full-scale test. At a 
minimum, a room-scale test will consist of one full row of bolts across the width of a room. It 
is anticipated however, that a room-scale test may involve several rows of bolts up to a 
maximum of an entire room. 

B.6.2 Method 

It is recommended that full-scale testing be performed in Rooms 3 through 6 of Panel 1. 
Testing would not necessarily be carried out in all of these rooms but in this area. This area 
is preferable based on several criteria which include: 

Geometry: These rooms represent the largest spans and excavation ratios in the facility. The 
opening geometries and room layout are the same as the SPDV test area. Geotechnical data 
from the SPDV area is the basis for design validation and predictive modeling. 

Geology: The geology is representative of the repository horizon which constitutes the majority 
of the facility excavations. 
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Age: The rooms have been excavated for several years, which is typical of all the areas with 
long-term life designations. 

Geologic Response: The closure rates in this area are representative of the rates established 
for design criteria. 

Existing Support Systems: This area has been pattern bolted with 10-foot-long(3.05-meter-long) 
mechanical anchor rockbolts. Although the existing support systems will have an influence on 
ground support, this condition it is typical of all the currently accessible areas of the facility. 

Projected Life: The projected life of these rooms should be long enough to achieve some 
reasonably long-term results (in excess of 10 years). However, in the event that Panel 1 is used 
for waste storage beginning in 1998 as scheduled, observation and data collection of the 
installed ground control systems may be curtailed. 

B.7 SYSTEM DIAGRAMS AND TYPICAL TEST DATA 

Sketches of several of the ground support systems being evaluated and some typical data 
produced from that testing is presented in Figures B-3 through B-13. 
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FOREWORD AND ACKNOWLEDGMENTS 

This report provides an assessment of the geotechnical status of the Waste Isolation Pilot 

Plant (WIPP). During the construction of the principal underground access and 

experimental areas, reporting was on a quarterly basis. Since 1987, reports have been 

published annually because additional excavations are taking place gradually, over extended 

periods. This report presents and analyzes data collected from July 1, 1993 to June 30, 

1994. 

The format of the Geotechnical Analysis Report was selected to meet the needs of several 

audiences. This report focuses on the geotechnical performance of the various underground 

facilities including the shafts, shaft stations, access drifts, experimental rooms, and waste 

storage areas. The results of excavation effects, investigations, stratigraphic mapping, and 

other geologic studies are also included. The report provides an evaluation of the 

geotechnical aspects of performance in the context of the relevant design criteria and also 

describes the techniques used to acquire the data and the performance history of the 

instruments. The depth and breadth of the evaluation for the different underground 

facilities varies according to the types and quantities of data that are available, and the 

complexity of the recorded geotechnical responses. 

Documentation of data in graph format and instrument history in tabular format can be 

provided upon request at nominal cost. 
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1.0 Introduction 

The geotechnical data from the underground excavations at the WIPP are interpreted and 

presented in this Geotechnical Analysis Report. The data are used to characterize conditions. 

assess design assumptions, and understand and predict the performance of the underground 

excavations during operations. The data are obtained as part of a regular monitoring program. 

They do not include data from tests performed by Sandia National Laboratories, the Scientific 

Advisor to the project in support of performance assessment studies. 

Geotechnical Analysis Reports have been prepared routinely and made available to the public 

since 1983. During the Site and Preliminary Design Validation Program, the Architect/Engineer 

for the project produced the reports on a quarterly basis to document the geomechanical 

performance during and immediately after construction of the underground. Upon completion 

of the construction phase of the project in 1987, the reports have been prepared annually by the 

Management and Operating Contractor for the facility. This report describes the performance 

and conditions of selected areas from July 1, 1993, to June 30, 1994. 

1.1 Location and Description 

The WIPP is located in southeastern New Mexico, about 30 miles (50 km) east of Carlsbad 

(Figure 1-1 ). The surface facilities have been built on the flat to gently rolling hills that are 

characteristic of the Los Medanos (sand dunes) area. The underground facilities are being 

excavated approximately 2,150 feet (655 m) beneath the surface, in the Salado Formation. A 

plan view of the underground facilities at the WIPP site is shown in Figure 1-2. 

1.2 Mission 

The WIPP was authorized by Congress in 1979 (Public Law 96-164) to provide " ... a research 

and development facility to demonstrate the safe disposal of radioactive wastes resulting from 

the defense activities and.programs of the United States exempted from regulation by the 

Nuclear Regulatory Commission." The WIPP is intended to receive, handle, and permanently 

dispose of transuranic mixed waste. To fulfill this mission, the DOE is constructing a full scale 

facility to demonstrate both technical and operational principles of the permanent 

storage/disposal of transuranic mixed waste. Technical aspects are those concerned with the 
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design, construction, and performance of the subsurface structures. Operational aspects refer to 

the receiving, handling, and emplacement of transuranic mixed waste in salt. The facility is also 

designed for in-situ studies and nonradioactive experiments in salt. 

1.3 Development Status 

To fulfill its mission, the DOE is developing the WIPP in a phased manner. The SPDV phase 

began in 1980 with the purpose of characterizing the site and obtaining geotechnical data to 

determine whether site characteristics and design were suitable for a permanent disposal facility. 

During this phase, the Salt Handling Shaft, a Ventilation Shaft, a drift to the southernmost extent 

of the proposed waste storage area, a four-room experimental panel, and access drifts were 

excavated. Surface-based ·geological and hydrological investigations were also conducted. The 

data obtained from the SPDV investigations were reported in the Summary of the Results of the 

Evaluation of the W1PP Site and Preliminary Desi~n Validation Pro~am (DOE, 1983). 

Based on the favorable results of the SPDV investigations, additional activities were started. 

These included construction of surface structures, conversion of the Ventilation Shaft for use as 

the Waste Shaft, excavation of the Exhaust Shaft, development of additional access drifts to the 

waste disposal area, and excavation of additional experimental rooms to support research and 

development activities. Geotechnical data acquired during this phase were used to evaluate the 

performance of the excavations in the context of established design criteria (DOE, 1984 ). 

Results of these evaluations were reported in Geotechnical Field Data and Analysis Reports 

(DOE, 1985; DOE, 1986a) and were summarized in the Design Validation Final Report (DOE, 

1986b). 

The Design Validation Final Report concluded that the facilities including waste disposal areas 

could be developed and operated to fulfill the long-term mission of the WIPP. However, some 

modifications to the reference design were proposed in order to meet the requirements for the 

life of the openings during an initial demonstration phase when retrievability of the waste 

remained an option. Current modifications are completed in accordance with current design 

descriptions. 

The original design for the waste disposal rooms at the WIPP provided a limited time in which 

to mine the salt and emplace waste. Each panel, consisting of seven disposal rooms, was 

scheduled to be mined, filled with waste containers, and backfilled in less than five years before 

being closed. Field studies, as part of the SPDV Program, showed that unsupported openings of 

a typical disposal room configuration at the WIPP would remain stable, and that closure from 
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creep would not impact equipment clearances during the five year period following excavation. 

The information from these studies provided the validation of the design of openings for the 

permanent disposal of waste under routine operations. 

Panel 1 was developed to receive waste for an operations demonstration and test phase that were 

scheduled to start in October 1988. This original plan consisted of drums of contact-handled 

transuranic waste stored in rooms for a period of five years. The option to re-enter the waste

filled rooms were to be inaccessible, but the option to re-enter was to be maintained so that the 

waste could be removed, if required. To assist with the possible re-entry, rockbolts were 

installed in the rooms in Panel 1 to enhance roof stability. 

The operations demonstration was deferred, and the test phase was modified to use contact

handled transuranic waste in bin-scale tests, planned for Room 1, Panel 1. This program was to 

investigate the repository conditions that would result from the different types of waste to be 

disposed of underground. The decision to use Room 1, Panel 1 for these bin-scale tests was 

made in June 1989, when initial waste receipt was anticipated for 1990. For the planned on-site 

bin-scale tests, an additional seven years of useful life was required for the test rooms in Panel 1. 

Panel 1 test rooms were required to provide essentially uninterrupted accessibility throughout the 

test phase. These changing requirements led to more stringent criteria for roof stability. In late 

1993, the DOE decided to conduct the test phase off site, with a new date for first waste receipt 

at the WIPP in 1998. Although the test program has be moved off site, Panel 1 will be 

maintained and monitoring will continue. 

1.4 Purpose and Scope of Geomechanical Monitoring Program 

The purpose of the geomechanical monitoring program is to provide in- situ data to support: 

• 

• 

• 

• 

early detection of conditions that could compromise operational safety 

evaluation of room closure 

design modifications and remedial actions and, 

interpretation of the in-situ behavior of underground openings, for comparison with 

established design criteria. 
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The geomechanical instrumentation used in the WIPP facility provides data which are collected, 

processed, and stored for analysis. The following discussion briefly describes the major 

components of the GIS. 

1.4.1 Instrumentation 

Instruments installed for measuring the geomechanical response of the shafts and other 

underground openings include convergence points, convergence meters, extensometers, rockbolt 

load cells, pressure cells, strain gauges, piezometers, and joint meters. A summary of the 

geomechanical instrumentation specifications is presented in Table 1-1. 

1.4.2 Data Acquisition 

The individual instruments that comprise the GIS are either read manually, using portable 

devices, or remotely, by polling devices located on the surface. Remotely read instruments are 

connected to one of ten dataloggers located underground, and readings are collected by 

referencing the appropriate identifier code. Upon completion of a verification process, as 

described in WIPP procedures, the data are transferred to a computer database. The manual 

reading devices are taken to the instrument locations underground, and the instruments are read. 

The data are recorded on an appropriate data sheet and later entered into database files where 

they are combined with the remotely acquired readings. 

The underground data acquisition system consists of instruments, polling devices, and a 

communications network. The polling devices are installed in underground LTC's to query each 

individual instrument. The polling devices are connected by datalink cables and modems to the 

surface datalogging computer. Each polling device consists of a remote switching station and 

readout unit that is connected to the instruments throughout the facility. The surface datalogging 

computer utilizes datalink cables with modem interfaces to receive the instrument readings from 

the polling units. 

Whether acquired manually or automatically, GIS data are entered into the database files of the 

GIS data processing system. The processing system is programmed to enter, reduce, and 

transfer the instrumentation data to permanent storage files. Using dBase IV® software, the 

datalogging programs and the GIS data processing system programs are accessed by a personal 

computer located on the surface at the WIPP site. Additional programming allows access to 

these permanent storage files for tabular reporting and graphical plotting. 
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Table 1-1 
Geomechanical Instrumentation System 

Instrument Type Measures Range 

Sonic Probe Borehole Extensometer Cumulative Deformation 0-2 inches 

Convergence Points Cumulative Deformation 2-50 feet 

Wire Convergence Meters Cumulative Deformation 0-3 feet 

Sonic Probe Convergence Meters Cumulative Deformation 0-2.5 feet 

Embedded Strain Gauges Cumulative Strain 0-3000 µin.{m. 

Spot-Welded Strain Gauges Cumulative Strain 0-2500 µin.fin. 

Rockbolt Load Cells Load 0-50 tons 

Earth Pressure Cells Pressure 0-lOOOpsi 

Piezometers Fluid Pressure 0-500 psi 

Joint Meters Cumulative Deformation 0-4 inches 

Vibrating Wire Borehole Extensometer Cumulative Deformation 0-4 inches 

1.4.3 Data Evaluation 

Resolution 

0.001 in. 

0.001 in. 

0.001 in. 

0.001 in. 

I µin.fin 

1 µin.fin. 

40 lb. 

1 psi 

0.5 psi 

0.001 in. 

0.001 in. 

Copies of the instrumentation data base and data plots are available upon request and can be 

found in previous Geotechnical Field Data and Analysis Reports. 

Closure measurements are acquired manually from convergence point anchors and remotely with 

convergence meters. The plots are presented as ground displacement monitored over time and 

plotted as either surface displacement or closure versus time. 

Extensometers provide relative displacement data acquired from sonic probe and vibrating wire 

extensometers. The displacement is the measure of movement in the rock strata, intercepted by 

the extensometer borehole at various depths. The displacement is then compared to a fixed point 

providing a measured displacement relative to a fixed point or relative displacement. The 

ground displacement is monitored over time and plotted as either surface displacement or closure 

versus time. 
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The extensometers consist of rods that are anchored in a borehole at various depths. The deepest 

anchor is assumed to be fixed in undisturbed ground and is considered the reference point. 

Typically, the plots will show greater ground movement near the opening, i.e., the collar of the 

hole. 

Rockholt load cells are used to determine the bolt loading and provide an indication of the 

condition of rockbolts. Plots consist of load in pounds, versus time for each instrumented bolt. 

Earth pressure cells and strain gauges are used to determine the loads in and around the shaft 

liners and are depicted in time-based plots. Monitoring of these instruments indicates whether 

there is any stress buildup in the shaft lining systems. 

Piezometers are used to measure the gauge pressure of ground water. They are installed in the 

shafts at varying elevations to monitor the hydraulic head acting on the shaft liners. Plots from 

piezometers are presented as pressure versus time. 

Joint meters are currently installed underground in the S1950 drift and the EO drift. They are 

installed perpendicular to a crack and monitor the separation of the crack over time. Plots are 

presented as displacement versus time. 

1.4.4 Data Errors 

As described above, GIS data are processed through a comprehensive database management 

system. These steps are performed according to approved quality control procedures. Whether 

acquired manually or remotely, GIS data are processed and permanently stored according to 

approved procedures. On occasion, when an erroneous reading occurs; there are several possible 

explanations for this. 

• the measuring device was misread 

• the reading was recorded incorrectly or, 

• the measuring device was not functioning within specifications. 

When an erroneous reading is discovered, an immediate evaluation of the previous readings is 

performed and a second reading is collected. If the second reading falls in line with the 

instrument trend, the first reading is discarded and the second reading is entered in the database. 

If the second reading and other readings taken thereafter remain out of the instrument trend, an 
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assessment of ground conditions in the vicinity of the instrument is performed to determine the 

reason for the discrepancy. In addition. reading frequency may be increased. 

All steps performed to correct erroneous readings are documented and filed for future reference. 
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2.0 Geology 

This section provides a generalized description of the stratigraphy of the region surrounding the 

WIPP. Detailed descriptions of the units can be found in Geologic Mapping of the Air Intake 

Shaft at the Waste Isolation Pilot Plant (DOE, 1990a). A generalized stratigraphy of the geology 

of the region surrounding WIPP is given in Figure 2-1. 

2.1 Castile Formation 

The Castile Formation formed from the precipitation of evaporites within the confines of a great 

Permian reef complex. At the WIPP, the Castile is composed chiefly of halite with a few 

interbeds of anhydrite and some limestone. The formation is approximately 1250 feet (380 m) 

thick in the WIPP vicinity. 

2.2 Salado Formation 

After deposition of the Castile Formation, a shallow saline lagoon environment remained which 

then progressed through numerous desiccation and inflow cycles, resulting in the deposition of 

nearly 2000 feet (610 m) of evaporites (primarily halite) of the Salado Formation. The 

desiccation and inflow cycles are reflected in cyclic bed sequences. Each cycle begins with a layer 

consisting predominantly of claystone. This lowermost zone is followed by a layer of 

anhydrite/polyhalite, which is in turn followed by a layer of halite. The entire sequence is capped 

by a bed of argillaceous (clay-rich) halite. 

The Salado Formation is subdivided into three informal members as shown in Figure 2-1, each of 

which contains similar amounts of halite. anhydrite, and polyhalite, and which are differentiated 

based on the presence of other minerals. The WIPP storage and experimental horizons are 

located within the lower Salado member, 2, 150 feet (655 m) below the surface. 

The excavations lie within a 40-foot (12 m) laterally continuous stratigraphic unit as described 

above. Within this unit, layers of clay and anhydrite are locally designated as shown in Figure 2-2. 

The layers of clay and anhydrite have a significant impact on the mechanical performance of the 

excavations. Clay layers provide surfaces along which slip and separation can occur, whereas 

anhydrite acts as a brittle unit that does not deform plastically. 
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2.2.1 Disposal Horizon 
At the disposal horizon, Anhydrite "a", is underlain by Clay H, is located about 13 feet (4 m) 

above the roof of the excavations. Anhydrite "b", underlain by Clay G, is located about 6.5 feet 

(2 m) above the roof, and a diffuse clay, Clay F, is found in the ribs about two feet (0.6 m) below 

the roof. 

A 20- to 32-inch (50 to 80 cm) thick, bed of anhydrite, identified as Marker Bed 139 (MB139), 

typically lies about five feet ( 1.5 m) below the floor throughout the storage horizon. MB 139 

shows lateral variability in thickness, of up to six inches (15 cm), at both repository and regional 

scale. The top of MB139 is undulatory, while the bottom is subhorizontal and underlain by 

Clay E. 

2.2.2 Experimental Horizon 

Excavations in the experimental horizon lie 18 feet (6 m) above the storage horizon. The floor is 

at Anhydrite "b", and Anhydrite "a" is visible in the ribs or roof. Clay I typically lies 4.5 to 9 feet 

(1.4 to 2.7 m) above the roof in the access drifts, and near the roof in the rooms. As in the 

disposal horizon, the clay layers have a significant impact on the mechanical deformation of the 

experimental excavations. 

2.3 Rustler Formation 

Overlying the Salado Formation is the Rustler Formation. The Rustler is about 300 feet (91 m) 

thick and contains proportionately the largest amount of elastic material of the three evaporite 

formations. The Rustler is subdivided into five members as follows: an unnamed lower member, 

the Culebra Dolomite Member, the Tamarisk Anhydrite Member, the Magenta Dolomite Member 

and the Forty-niner Anhydrite Member. 

At the WIPP, the Rustler is lithologically divided. The lower portion consists primarily of 

sandstone, with lesser amounts of anhydrite, polyhalite and halite. The anhydritic upper portion 

contains interbeds of mudstone and dolomite. The Culebra and Magenta dolomite members are 

found within this upper portion and are areally persistent, serving as important marker units. The 

Culebra is the most transmissive hydrologic unit 

2.4 Dewey Lake Redbeds 

The Dewey Lake Redbeds are the uppermost of the Permian formations in the WIPP area. Within 

the series, the Dewey Lake represents a transition from the lower, marine-influenced evaporite 

deposition to deposition on a broad, low-relief, fluvial plain. The redbeds, about 475 feet (145 m) 
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thick, consist of interbedded fine sandstone, siltstone, mudstone, and claystone with locally 
/ 

abundant greenish-gray reduction spots and gypsum-filled fractures. 

2.5 Dockum Group 

The Dockum Group consists of about 25 feet (7.6 m) of fine-grained flood plain sediments and 

coarse alluvial debris of late Triassic age. At the WIPP, the Dockum Group forms an erosional 

wedge, pinching out near the center of the site. Some authors (DOE, 1990a) use the term Santa 

Rosa to ref er to local rocks of Triassic age. 

2.6 Gatuiia Formation and Mescalero Caliche 

The Gatuiia Formation and Mescalero caliche are of Miocene to Pleistocene age. The Gatuiia, 

which overlies the Dockum Group in the WIPP vicinity, consists of about 13 feet (4 m) of poorly 

consolidated sand, gravel, and silty clay which is light red and mottled with dark stains. The unit 

contains abundant calcium carbonate but is poorly cemented. 

The Mescalero caliche, about 4 feet (1.2 m) thick in the WIPP vicinity, is a hard, resistant soil 

horizon that lies beneath a cover of wind-blown sand. The horizon is petrocalcic, or very strongly 

cemented with calcium carbonate. Petrocalcic horizons form slowly beneath a stable landscape at 

the maximum depth of infiltration of soil moisture. Many of the surface structures at WIPP are 

founded on top of the Mescalero caliche. 
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3.0 Performance of Shafts and Keys 

3.1 Salt Handling Shaft 

The first construction activity undertaken during the SPDV work was the excavation of the 

Exploratory Shaft, subsequently designated the Construction and Salt Handling (C&SH) Shaft, 

and currently designated the Salt Handling Shaft (Figure 1-2). The shaft was drilled from July 4 

to October 24, 1981, and geologic mapping was conducted in the spring of 1982 (DOE, 1983). 

Figure 3-1 presents the generalized stratigraphy of the Salt Handling Shaft. 

The Salt Handling Shaft is lined with steel casing and has a 10-foot (3-meter) inside diameter 

from the ground surface to a depth of 846 feet (258 meters). The 10-foot (3-meter) diameter 

extends through the concrete shaft key to a depth of 880 feet (268 meters). The nominal shaft 

diameter is 12 feet (4 m) from the key to the bottom of the shaft at 2,298 feet (700 meters) and is 

unlined. The steel liner thickness increases with depth, starting at 0.62-inch (1.6-centimeter) 

thick at the top and increasing to 1.5 inches (3.8 centimeters) thick at the key. Cement grout 

surrounds the liner. The shaft key is a 37.5-foot (11.4 meter)-long reinforced-concrete structure 

at the base of the steel liner. 

3.1.1 Shaft Performance 

During this reporting period no modifications were made to the Salt Handling Shaft. Shaft 

inspections continued to be performed on a weekly basis. The shaft is in satisfactory condition. 

3.1.2 Instrumentation 

Installation of geomechanical instrumentation in the Salt Handling Shaft took place in April and 

July of 1982. Instrumentation consists of extensometers, piezometers, and radial convergence 

points at various levels in the shaft as shown in Figure 3-2. In the shaft key, instrumentation 

includes strain gauges, pressure cells, and piezometers (Figure 3-3). 

Seventy-two percent of the instrumentation in the Salt Handling Shaft remain functional. 

Instruments that are still in operation include one extensometer at level 2057' (627 m), all twelve 

piezometers, three earth pressure cells, and 31 strain gauges. 
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3.2 Waste Shaft 

As part of the SPDV program, a six-foot (2-meter) diameter ventilation shaft was excavated 

from December 1981 through February 1982 in order to allow a two-shaft underground air 

circulation scheme to function. From October 11, 1983 through June 11, 1984, this shaft was 

enlarged to 20- to 23-foot (6- to 7- meter) diameter and lined, then renamed the Waste Shaft. 

Geologic mapping was conducted during shaft enlargement from December 9, 1983 through 

June 5, 1984 (Holt and Powers, 1984). The generalized stratigraphy of the Waste Shaft is 

presented in Figure 3-4. 

The Waste Shaft is lined with unreinforced concrete and has a 19-foot (6-meter) inside diameter 

from the ground surface to 837 feet (255 meter). The liner thickness increases with depth from 

10 inches (25 cm) at the surface to 20 inches (51 cm) at the key. The Waste Shaft key is 63 feet 

(19 m) long, 4.25 feet ( 1.3 m) thick, and constructed of reinforced concrete. The bottom of the 

key is at 900 feet (274 meter). The section of the shaft below the key is 20 feet (6 m) in 

diameter and increases to 23 feet (7 m) just above the shaft station. The 23-foot (7-meter) 

diameter extends to a depth of approximately 2,286 feet (697 meters). 

3.2.1 Shaft Performance 

Shaft inspections are conducted on a weekly basis by mining operations personnel. The 

condition of the shaft is satisfactory. During this reporting period no modifications have been 

made to the Waste Shaft. The cable-support ground control system installed in the east brow of 

the shaft station was detensioned twice during this reporting period. 

3.2.2 Instrumentation 

Extensometers, piezometers, earth pressure cells, and radial convergence points were installed in 

the Waste Shaft from August 27 through September 10, 1984. The instrumentation 

configuration is presented in Figures 3-5 and 3-6. 

Nine multi-position borehole extensometers were installed in arrays at levels 1071' (326 m), 

1566' (477 m), and 2059' (628 m) as shown in Figure 3-5. Each array consists of three 

extensometers. Currently, five extensometers remain functional. 
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Twelve piezometers were installed in the lined section of the Waste Shaft on September 7, and 

8, 1984 to monitor pressure behind the shaft liner and key section in the shaft. All twelve 

piezometers remain in operation 

Four earth pressure cells were installed in the key section of the Waste Shaft during concrete 

emplacement from March 23 through April 3, 1984. These instruments measure the normal 

stress between the concrete key and the Salado Formation as the creep effects load the key 

structure. All earth pressure cells remain in working condition. 

3.3 Exhaust Shaft 

The Exhaust Shaft was excavated from September 22, 1983, through November 29, 1984, to 

establish a dedicated route for exhaust air from the underground facility to the surface. 

Comprehensive geologic mapping was conducted from July 16,,1984, through January 18, 1985, 

(DOE, 1986c ). The generalized Exhaust Shaft stratigraphy is presented in Figure 3-7. 

The Exhaust Shaft is lined with unreinforced concrete from the surface to the top of the shaft 

key at a depth of 844 feet (257 m). The liner thickness increases from 10 to 16 inches (25 to 41 

cm) over that distance. The Exhaust Shaft key is 63 feet (19 m) long and 3.5 feet (1 meter) 

thick. 

The diameter below the shaft key is 15 feet (5 m). There, the shaft is lined with wire mesh 

anchored by rockbolts. The shaft terminates at the facility horizon, 2150 feet (655 m), since 

there is no shaft sump. 

3.3.1 Shaft Performance 

Semi-annual video inspections continue to be performed and most recent inspection indicates 

that the shaft remains in satisfactory condition. 

3.3.2 Instrumentation 

The Exhaust Shaft was equipped with geomechanical instrumentation in two stages. Earth 

pressure cells were installed behind the liner key during November 1984, and piezometers and 

multi-position borehole extensometers were installed during November and December 1985. 

The instrumentation configuration is presented in Figures 3-8 and 3-9. 
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Nine multi-position borehole extensometers were installed in the Exhaust Shaft, and only one at 

level 1078' (329 m) remains operational. Of the 21 piezometers installed, 20 remain in working 

condition. 

3.4 Air Intake Shaft 

The Air Intake Shaft was excavated from December 4, 1987 through August 31, 1988 to 

establish a dedicated route for surface air to enter the underground facility. Comprehensive 

geologic mapping was conducted from September 14, 1988 through November 14, 1989 (DOE, 

1990a). The generalized Air Intake Shaft stratigraphy is presented in Figure 3-10. 

The Air Intake Shaft was lined with unreinforced concrete from the surface to a depth of 903 

feet (27 5 m), the bottom of the shaft key. The Air Intake Shaft key is 81 feet (25 m) long with 

an inside diameter of 16 feet (5 m). The diameter below the shaft key is 20 feet (6 m), and the 

shaft is unlined from 81 feet (25 m) to depth of 2,150 feet (655 m). 

3.4.1 Shaft Performance 

The Air Intake Shaft remains in excellent condition and weekly inspections continue to be 

performed. 

3.4.2 Instrumentation 

At the present time, the Air Intake Shaft is monitored by Sandia National Laboratories, and the 

data collected is not included in this report. 
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4.0 Performance of Shaft Stations 

4.1 Salt Handling Shaft Station 

The Salt Handling Shaft Station, Figure 1-2, was excavated from May 2 to June 3, 1982 by 

drilling and blasting. In 1987, the station was trimmed, removing the roof beam up to Anhydrite 

"b" between S90 and N20 using a continuous miner. The station area south of the shaft is 90 

feet (27 m) long and 32 to 38 feet (10 to 12 m) wide. The height of the station south of the shaft 

is 18 feet (5.5 m) for a distance of 54 feet (16.5 m), and 14 feet (4.3 m) for the remaining 36 feet 

(11 m). The station dimensions north of the shaft are approximately 30 feet (9 m) long, 32 to 35 

feet (10 to 11 m) wide and 12 feet (4 m) high. The shaft extends approximately 140 feet (43 m) 

below the facility horizon to accommodate the skip loading equipment and to act as a sump to 

collect any water that might enter the shaft. A generalized cross section of the station is shown in 

Figure 4-1. 

4.1.1 Modifications to Excavation 

Modifications made during this reporting period include local scaling of roof and ribs. No major 

modifications were made to the salt shaft station during this reporting period. 

4.1.2 Instrumentation 

Geomechanical instrumentation was installed in the Salt Handling Shaft Station from June 1982 

through February 1983, with subsequent reinstallation of extensometers and convergence points 

as necessary. Figure 4-2 details the instrument locations in the Salt Handling Shaft Station before 

the roof was removed. Most of the instruments were either removed, or readings were suspended 

prior to the mining of the roof. Figure 4-3 details the instrument locations after the roof was 

taken down. 

Currently, there are two functioning extensometers in the Salt Handling Shaft Station, they are 

located in the roof at S30, and S65. These extensometers were installed in September 1988, 

replacing two extensometers mined out during trimming activities. In addition, five convergence 

point arrays are monitored at N39, S 18. S30, S65. and Wl2. 

4-1 



~ 
I 

N 

Ci 
l'D 
:::s 
l'D 

!. 
ii' 
Q, 

r:n 
!.. .... 
::r:: 
= :::s 
Q, ~ - -· -· (JQ :::s c 

(JQ ., 

r:n l'D =- ~ = I 
~loo" 

r:n g 
cs·. 
:::s 
r:n .... 
~ =· (JQ ., 
= "C =~ 

feel ('"''"'") 

1.110 ( l·J9) 

1300 (J96) ·-

~ 1290 (.195) 

0 
Ill 

VJ 

L 
0 

~ 1280 (\YO) --

"' > 
0 
0 

~ 

6 1270 (l8/) -
;:: 
<( 

> 
l,J 
_J 
w 

1260 (.184) -

1250 (.lBl) -

N30 N20 

hsGENQ__ 

Anhydrite with thin underlying cloy seam 

Primarily halite and polyhalite 

't 
5,,11 llu11dlin9 Sholl 

'· 

Diameter 

~Roof 

NlO 

IUWIUlllli 
[ ·::=i 

510 520 

Anhydrite "a" 

Floor 

~ ---------

5.lO 540 550 560 580 590 



0 
.s:: 
(/) 

"' .!: 

" c:: 
0 

I 

0 
(/) 

t) 

0 
.s:: 
:; 
0 ., 
E' 
e 
;;., 

'° 

.,., 
0 
,;; 
:; 
0 

"' 
E' 
e 

y 

0 
,;; 
:; 
0 

"' 
E 
0 
N r-! 

~I 

\~·· .... ·· \./\ /\ /\ 
-,\ / \[~e\ 
~- \ ' I - .c \ 

' I \>~ >\11 

I I : ~ -
) 

\ /\ ~\\\\\/ / 

,__ __.,._ _ _...,.._,____._,,_ 

, , , \ I 
\\ ~ 
\•'\L; 
!~\;' / 

;I a:: .... 
oa: 

0 
oz 
w 

Figure 4-2 

't 
N 
.n 

"' 
0 

/\ 
I \• 

.., c 
I .., "-

.£ 
c 
u 

5 
-" 
~ 
< 

,., ' _, 
Zi 
L-. ' 

'" '-' ' 
L..Ji 
_;I 

"' "' N 
I 

<.u 
<..:) 

:;; 

~ 

6 
a.. 

<; 
~ ] c 
~ 

~ "' ~ i; 
§ . 

w u 
w u 
'-' Ct: 

/ 

~~ 
) :;. 

v~~ 

• 

" ~ 

c:: 
0 -,; a.. u 

"' "C c ·c: 0 
0 

~ "' 9 0 :I'. 1i :'.' " 0 ~ ::: 
Vl <..:) 
Ct: S: 

Salt Handling Shaft Station Instrumentation before Roof Excavation 

4-3 

<.u 

<i 
u 
(/1 



~I 

rt., 

\ 
\ 

ii 
;1 
~ 

.., 
0 

!I 
~I 
~I 

"" 0 
.c 
:; 
0 
~ 

e 
~ 

0 .., 

.c: 

~i 

~I 
"'I 
"'I 

O! 

~I 
GI 
jj 

Figure 4-3 

,.." 
-~~ 

..., 
~ 
..., 
'-' 

~ Q <1 
0 t u • 

i 
i 

c ·a 
0.. 

<; QJ .., u 
c 

E QJ 

0 "' U> :;:; c > 
~ c 
x D 

'""' 
u 

w u 
Cl Ir 

s 
<O 

'"' 

I 

I 
I 

I 

\, 
I 

I 

' ' ' 

<I' "' <J) .. 
;; 

" 3: 

2 

;; 
~ 

~ 

Salt Handling Shaft Station Instrumentation' after Roof Excavation 

4-4 



4.2 Waste Shaft Station 
The Waste Shaft Station was initially excavated with a continuous miner as a ventilation 

connection to a six foot (1.8 m) diameter exhaust shaft in November 1982. In 1984, the shaft 

station was enlarged to a height of 15 to 19 feet (4.5 to 6 m), and a width of 20 to 30 feet 

(6 to 9 m); the station is approximately 150 feet (46 m) long. In 1987, the station was trimmed. 

and concrete wa<; placed on the floor. In February 1991, a portion of the concrete slab was 

removed. The portion of the concrete slab removed was approximate! y 53 feet ( 16 m) long, 23 

feet (7 m) wide, and 18 inches (46 cm) thick. A generalized cross section of the station is shown 

in Figure 4-4. 

4.2.1 Modifications to Excavation 

During this reporting period no modifications were made to the Waste Shaft Station. However, 

routine maintenance was performed. 

4.2.2 Instrumentation 

Initial instrumentation was installed between November 12 and December 2, 1982. Figure 4-5 

details the instrument locations in the Waste Shaft Station before enlargement of the station. and 

Figure 4-6 details the locations after enlargement 

Currently there are three functioning extensometers in the Waste Shaft Station, they are located in 

the roof at W30, E35, and E140. In addition, convergence points are monitored at E30, E90, and 

E140. 

Six rockbolt load cells were installed in February 1988, after trimming in the station was 

completed. Monitoring of the six rockbolt load cells continues. Twelve rockbolt load cells were 

installed in the brow of the Waste Shaft in March 1992. The rockbolt load cells are used to 

monitor the load on the rockbolts installed in the brow as part of the cable support system and 

determine when detensioning of the cable anchors is required. During this reporting period, the 

cable-support ground control system was detensioned twice. 
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5.0 Performance of Access Drifts 

This section describes the in situ geomechanical performance of the underground access drifts. 

Both routine and special studies are conducted and documented to evaluate changes observed 

during this reporting period. The routine studies include the evaluation of convergence data to 

confirm that openings continue to behave in accordance with predictions. In addition, this 

section presents a comparison of the performance as defined by field data with the requirements 

that must be met by the design for the underground excavations (DOE, 1984 ). 

5.1 Modifications/Maintenance 

No major modifications were performed during this reporting period, however, strategic roof 

bolting was performed in locations throughout the E140 and N1420 drifts where ground 

conditions warranted. Localized roof bolting also occurred in other areas of the underground, 

such as Room D, SPDV Room 4 and the L-4 alcove. 

In September 1993, trimming was performed on the north and south side of the EO overcast in 

order to accommodate the cable support system installed over the EO overcast. 

5.2 Instrumentation 

During this reporting period, new extensometers were installed in the roof of the E140 drift and 

the E300 maintenance shop. 

Four new sonic probe extensometers were installed in the roof of the E140 drift at S 1100, 

S1200, Sl725, and S1825. Extensometers 51X-GE-00302 and 51X-GE-00303 were installed 

July 16, 1993, at S1200 and Sl725. The deepest rod for each extensometer was positioned at 24 

feet (7.3 m). Extensometer 51X-GE-00304 was installed at S1825 on July 23, 1993, with the 

deepest anchor at 23 feet (7 m). The fourth extensometer was installed at S 1100 on October 14, 

1993, with the deepest anchor at 24 feet (7.3 m). These extensometers are intended to monitor 

expansion of the immediate roof beam. 

Monitoring of the four vibrating wire extensometers located in the E300 maintenance shop and 

four joint meters at the S 1950 overcast continues. The joint meters monitor fracturing in the 

brows at the S 1950 overcast. 

During this reporting period, new convergence stations were installed at E140-S 1400 and 
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S700-E58. Other installations included replacement of convergence points that had been 

destroyed by mine maintenance activities. 

5.3 Analysis of Convergence Data 
Measurements of room closure are evaluated as a primary means of identifying areas where 

conditions may be deteriorating. Closure measurements are made throughout the facility 

approximately every two months. They are used in conjunction with other observations to assess 

the geomechanical performance of the excavations. Points that significantly vary from a closure 

model are evaluated more closely to determine the cause of the variance. 

Closure and closure rates are determined by using radial convergence points which measure the 

reduction in distance between opposing surf aces of the excavations. Radial convergence points 

are: 1, accurate; 2, easy to install and read; and 3, analyzed with simple engineering techniques. 

Closure rates indicate how an excavation is performing; rates that slow down with time generally 

indicate stable excavations, whereas increasing closure rates, or rates that are higher than 

anticipated, may indicate potential instability. Previously reported results (DOE, 1990b) indicate 

that closure rates generally decline with time and may also show cyclic variations that can be 

attributed to seasonal temperature changes. 

Closure rates are routinely plotted against time. In addition, actual rates are compared to 

predicted values. The predictions are based on statistical evaluation of selected data from 

openings of various sizes and ages that provide an empirical relationship between closure rates, 

room dimensions, and the age of the excavation. The relationship is updated each year as 

additional data become available. This approach provides an equation for the closure rate as a 

transient function of time and opening dimensions (Table 5-1 ). Predicted values are assessed at 

an upper bound based on a 95% prediction limit from the statistical analysis. Parameters A, b, c, 

and d and the 95% prediction limit are determined using nonlinear regression techniques that are 

in the commercial software package Statgraphics (Version 4.0). A similar analysis was performed 

to obtain a predictive equation for closure rates at intersections (Table 5-2). 

Measured closure rates from July 1, 1993, to June 30, 1994, from locations throughout the 

underground are compared to the predicted values (Tables 5-3 and 5-4). Actual closure rates are 

generally in agreement with predicted rates. At locations where predictions have been exceeded, 

additional investigations were conducted and explanations for the differences are provided in the 

table. If the cause of a high closure rate cannot be adequately explained (i.e., due to recent 

mining nearby, instrument malfunction, location in an intersection, etc.), the location is monitored 

5-2 



Table 5-1 
Analyses of Underground Closure Rates 

(From convergence data through June 30, 1994) 

Parameter: 

Closure 

Notes: 

A b c d RL 

Roof 
to 0.0026 1.0063 1.1896 -0.2170 0.875 

Floor 
Wall 

to 0.0105 0.5810 1.0600 -0.2702 0.812 
Wall 

1. Parameters A, b, c, d, are determined using nonlinear regression techniques by 
means of STATGRAPHICS (Version 4.0). 

2. Parameters used in the following relationship: 

C(t) = A * w b * h c * t d * (365/200) 

Where: C(t) = closure rate (inches/year) 
w = room width (feet) 
h = room height (feet) 
t = age of excavation (years) 

3. R2 is the coefficient of determination. 
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Table 5-2 
Analyses of Underground Closure Rates at Intersections 

(From convergence data through June 30. 1994) 

Parameter: 

Closure 

Notes: 

A b c d R1 

Roof 
to 0.0024 0.7327 0.7458 -0.2295 0.863 

Floor 

1. Parameters A, b, c, d, are determined using nonlinear regression techniques by 
means of STATGRAPHICS (Version 4.0). 

2. Parameters used in the following relationship: 

C(t) = A * a b * h c * t d * (365/200) 

Where: C(t) = closure rate (inches/year) 
a = intersection area (feet2) 
h = room height (feet) 
t = age of excavation (days) 

3. R2 is the coefficient of determination. 
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more frequently,, and further field studies may be initiated. The results of these analyses indicate 

that the underground is generally performing within the bounds of the empirical analyses with the 

exception of sections in the E 140 drift, the EO drift, and Rooms 1, 4, and 6 of Panel 1. 

These areas are currently monitored more frequently and (where required) supplemental roof 

support has been installed. In addition, physical inspections are performed on a regular basis. 

It could be argued that many of the higher than predicted closure rates could be attributed to the 

nature of the empirical equation. That is, the analysis is more appropriate for the time period 

from approximately 300 days following excavation through the steady state phase -- the steady 

state phase being the approximate 2-8 year period following.initial excavation, when closure rates 

remain fairly constant. This, obviously, does not necessarily apply in areas where physical 

observations, such as significant fracturing and rockbolt failure, may indicate increasing instability. 

The primary purpose of these analyses is to locate areas where closure rates are statistically higher 

than expected, and not to serve as a specific predictor of excavation performance beyond the 

period of steady state. As the excavations continue to age, however, consideration of excavation 

performance beyond the period of steady state will ultimately be required in the analyses. 
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Table 5-3 
Mid-Room Roof to Floor Closure Rates 

Upper 
Bound of 

Closure Closure Closure Closure Closure Closure Predicted 

Rate Rate Rale Rale Rate Rate Closure 

Date of 1968-89 1989-90 1990-91 1991-92 1992-1993 1993-1994 1993-1994 

Fleldtag Location Excavation (lrvyr) (lrvyr) (l!Vyr) (In/yr) (ll'Vyr) (ll'Vyr) (lrVyr) Comments 

W170-81150 RC:A-E W170 drlfl-81150 21-Aug-84 1.03 0.79 0.79 0.78 0.64 0.73 1.23 

W170-81000 RC:A-C W170 drlfl-51000 

Intersection 19-Aug-84 1.24 0.88 0.81 0.80 0.64 0.73 1.22 

W170-8700 RC:A-C W170-8700 drills 

Intersection 14-Aug-84 1.03 0.74 0.72 0.71 0.63 0.65 1.22 

W170-85 RC:A-C W170 drill-SS 28-Jul-87 0.87 0.58 0.64 0.62 0.50 0.56 1.23 

W30-8120 RC:A-C W30 drllt-8120 29-Jul-87 1.23 0.97 0.92 0.91 0.96 0.92 1.45 

W30-81000 RC-3:A-C W30-81000 drills 

Intersection 21-Aug-84 2.66 1.81 1.30 1.28 1.09 0.46 1.25 

W30-S850 AC-2:A-E W30 drllt-S850 15-Aug-84 1.06 0.61 0.78 0.68 0.67 0.66 1.26 

W30-8700 RC:A-C W30-8700 drifts 

Intersection 08-Aug-84 1.98 0.74 1.08 1.04 0.92 0.92 1.78 

W30-8500 RC:A-C W30 drlll-8500 08-Aug-84 1.29 0.78 0.89 0.83 0.73 0.76 1.57 

W30·8250 RC-3:A-C W30 drllt-5250 28-8ep-84 1.32 0.82 0.87 0.96 1.01 1.00 1.57 
Vt EO-N626 RC-3:A-C EOdrllt-N626 20-Feb-85 1.61 2.81 1.96 1.98 2.02 . 1.98 1.71 High rate due to floor heave. 

°' EO-N940 AC-3:A-C EO drllt-N940 22-Feb-85 1.75 2.53 1.95 2.03 1.88 2.03 1.37 High rate due to floor heave. 

EO-N1110 RC-3:A-C EO-N1100 drifts 

Intersection 04-Mar-85 1.60 1.51 1.40 1.38 1.24 1.36 1.54 

EO-N1266 RC-3:A-C EO drllt-N1266 16-Jan-85 1.66 1.82 1.60 1.79 1.70 1.81 1.75 High rate due to floor heave. 

E140-8460 AC-3:A-C E 140 drllt-8460 15-Jun-84 1.56 2.02 2.07 2.02 1.99 2.01 2.49 

E140-8550 RC-3:A-C E 140 drllt-8550 01-Mar--88 2.01 1.62 1.61 1.53 1.39 1.41 2.21 

E140·8850 RC-5:A-C E140 drllt-S850 07-Jun-84 1.50 1.78 1.69 1.60 1.45 2.30 2.33 

E140-81000 AC:A-C E140-81000 drills 

Intersection 01-Mar--88 1.89 1.62 1.36 1.35 1.20 1.27 2.01 

E140-81150 AC:A-C E140 drllt-81150 14-Jun-84 1.62 

E140·81150 RC-2:A·C E 140 drllt-81150 28-Dec-87 2.55 2.20 2.06 2.10 2.24 2.04 2.30 

E140-81246 RC-2:A-C E140 drHt-81246 11-Jun-84 

E140-81246 RC-4:A-C E140 drllt-81246 01-Mar-88 2.86 2.37 2.01 1.84 1.63 1.81 2.20 

E140-81300 RC-2:A-C E140-81300 drifts 

Intersection 01-Mar-88 2.29 1.83 1.55 1.49 1.52 1.19 1.49 

E140-81450 RC-4:A-E E140 drllt-81450 18-Jun-84 2.72 2.61 2.33 2.07 2.30 2.21 Fracturing In Immediate roof beam. 

E140-81600 RC-3:A-C E140-81600 drifts 

Intersection 01-Mar-88 1.97 1.71 1.66 1.53 1.51 1.65 

E140-81879 RC-2:A-C E140 drllt-81879 06-Jan-88 3.16 2.69 2.79 2.92 2.19 2.22 2.22 

E140-81950 RC-3:A-C E140-81950 drifts 

intersection 01-Mar-88 2.06 1.72 1.66 2.10 1.37 1.59 



Table 5-3 
Mid-Room Roof to Flour Closure Rates (continued) 

Field tag 

E140-N5 RC-3:A-C 

E140-N250 RC:A-C 

E140-N626 RC-2:A-C 

E140-N1266 RC-2:A-C 

E300-S1150 RC-3:A-E 

E300-51000 RC:A-C 

E300-S850 RC:A-E 

E300-5700 RC:A-C 

590·W100 RC:A-C 

590·W400 RC:A·C 

N140-E90 RC:A·C 

N 111 O·EBO RC-3:A·C 

v. TR2·N1110 RC-2:A·C 

!J 
N1110·W783 RC-2:A-C 

N1110·W951 RC-2:A-C 

N111 O·W1159 RC-2:A-C 

N1110-W1347 RC-2:A-C 

N1420-W258 RC:A-E 

N1420·W365 RC-3-C 

N1420·W391 RC:A-E 

N1455-W365 RC:A·E 

E520·51802 RC-6:A·E 

E660-51775 RC·5:A-C 

E790·S1775 RC-3:A·C 

E920·S1775 RC-5:A-F 

E1050-51775 RC-4:A-F 

E1190-51775 RC-4:A-F 

E1320-51775 RC-3A-F 

Location 

E140 drift-NS 

E140 drlfl-N250 

E140 drlfl-N626 

E140 drlfl-N1266 

E300 drlft-51150 

E300 drlfl-51000 

E300 drlft-5850 

E300-5700 drifts 

Intersection 

590 drlft-W100 

590 drlft-W400 

N150 drtft-E90 

N1100 drift-EBO 

N1100 drift-Test 

Rm. 2 Intersection 

N1100 drlft-W783 

N1100 drlft-W951 

N1100drlft-W1159 

N1100 drlft-W1347 

N1420 drlft-W258 

N1420 drift-Test 

Rm. 2 Intersection 

N1420 drlft-W391 

Room L2 

Panel 1 Room 1 

Panel 1 Room 2 

Panel 1 Room 3 

Panel 1 Room 4 

Panel 1 Room 5 

Panel 1 Room 6 

Panel 1 Room 7 

Date of 

Closure 

Rate 

1988-89 

Excavaiion iiniyr) 

24-May-84 1.33 

22-Feb-83 

24-F eb-83 O .92 

28-Feb-83 0.97 

26-Jul-84 0.80 

25-Jul-84 0.89 

25-Jul-84 0.74 

24-Jul-84 0.92 

28-Jul-87 0.65 

03-Dec-87 1.35 

29-Jul-87 o 77 

12-Jan-84 o .62 

19-Apr-84 1.61 

04-F eb-86 0 .84 

04-Feb-86 0.71 

04-Feb-86 0.83 

04-Feb-86 0. 79 

07 ·Apr-84 1.17 

07-Ap_r-84 2.37 

07-Apr-84 1.31 

30-Apr-84 1.79 

30-May-86 4.44 

23-Jan-87 4.64 

19-Feb-87 4.68 

03-Feb-88 4.54 

12-Feb-88 4.00 

26-Feb-88 4.74 

10-Mar-88 4.53 

~ Fleldtag represents the most recent Installation. 

Closure 

Rate 

1989-90 

iln/yr) 

1.00 

0.20 

0.67 

0.66 

0.62 

0.44 

0.65 

0.54 

1.02 

0.56 

1.06 

1.61 

0.86 

0.74 

0.85 

0.84 

1.29 

2.51 

1.38 

1.91 

3.47 

2.95 

3.18 

3.89 

2.60 

3.25 

3.12 

Closure 

Rate 

1990-91 

iln/yr) 

1.11 

3.10 

0.60 

0.64 

0.52 

0.69 

0.58 

0.76 

0.68 

0.96 

1.43 

0.78 

0.62 

0.73 

0.74 

1.19 

2.30 

1.24 

1.69 

3.82 

2.76 

2.56 

2.45 

2.17 

2.61 

2.54 

Closure 

Rate 

1991-92 

iln/yr) 

1.26 

3.20 

2.71 

0.56 

0.60 

0.49 

0.66 

0.56 

0.64 

0.76 

0.90 

1.29 

0.74 

0.61 

0.71 

0.80 

1.12 

2.18 

1.17 

1.63 

3.21 

2.48 

2.42 

2.35 

2.12 

2.48 

2.48 

Closure 

Rate 

1992-93 

iln/yr) 

1.37 

2.63 

2.39 

0.46 

0.50 

0.39 

0.55 

0.45 

0.53 

0.79 

0.89 

1.16 

0.66 

0.57 

0.62 

0.64 

1.09 

2.61 

1.13 

1.48 

2.76 

2.17 

2.22 

2.32 

2.07 

2.41 

2.31 

Closure 

Rate 

1993-94 

ilnlyr) 

1.27 

2.36 

2.76 

2.46 

0.51 

0.55 

0.45 

0.63 

0.50 

0.62 

0.70 

0.91 

1.37 

0.72 

0.63 

0.71 

0.71 

1.15 

2.22 

1.11 

1.63 

2.93 

2.26 

2.41 

2.69 

2.42 

2.70 

2.57 

Upper 

Bound of 

Predicted 

Closure 

1993-1994 

(In/yr) 

1.89 

2.88 

2.19 

2.29 

1.35 

1.22 

1.30 

1.24 

1.30 

1.43 

1.22 

1.11 

1.79 

1.24 

1.25 

1.21 

1.27 

2.11 

~ro 

2.10 

~18 

2S 
2M 
~~ 

2S 
2.53 

2M 
~M 

Comm ants 

High rate due to fracturing along west rib. 

High rate due to floor heave. 

High rate due to floor heave. 

High rate due to floor heave along east rib. 

High rate due to floor heave. 

High rate due to floor heave. 

Fracturing In Immediate roof along east rib 



Oateol 

Closure 
Rate 
1968-B9 

Table 5-4 
Mid-Ruum Wall tu Wall Closure Rates 

Closure 
Rate 
19B9-90 

Closure 
Rate 
1990-91 

Closure 
Rate 
1991-92 

Closure 
Rate 
1992-93 

Closure 
Rate 
1993-94 

Upper 
Bound of 
Predicted 
Closure 
1993-1994 

Fleldtag Location Excavation {In/yr} {In/yr) {In/yr) [In/yr) (In/yr) (In/yr) [In/yr) 

W170-S1150 RC:C-G 

W170-S5 RC:8-0 

W30-S850 RC:C-G 

W30-S500 RC:8-0 

W30-S250 RC-5:8-0 

EO-N1266 RC-4:8-0 

E140-S460 RC-2:8-0 

E140-S550 RC-4:8-0 

E140-S850 RC-3:8-0 

E140-S1150 RC-2:8-0 

E140-S1246 RC-3:8-0 

E140-S1450 RC-2:8-0 

E 140-51879 RC-2:8-0 

E140-N5 RC-2:8-0 

IA E140-N626 RC-2:8-0 

Oo E140-N1266 RC-3:8-0 

E300-S1150 RC:C-G 

E300-S850 RC:C-G 

S90-W100 RC:8-0 

S90-W400 RC:8-0 

N140-E90 RC:8-0 

N140-W50 RC:8-0 

N1110-EB<J RC-4:8-0 

N1110-W783 RC-2:8-0 

N1110-W951 RC-2:8-0 

N 111 O-W1159 RC-2:8-0 

N1110-W1347 RC-2:8-0 

N1420-W258 RC-4:C-G 

N1420-W391 RC-3:C-G 

N1455-W365 RC-3:C-G 

E520-S1802 RC-3:C-G 

E660-S1775 RC-5:8-0 

E790-S1775 RC-5:8-0 

E920-S1775 RC-4:0-G 

E1050-S1775 RC-4:0-G 

E1190-S1775 RC-3:0-G 

E1320-S1775 RC-5:0-G 

W170 drilt-51150 

W170 drift-SS 

W30 drllt-SBSO 

W30 drllt-5500 

W30 drllt-5250 

EO drllt-N1266 

E140 drllt-5460 

E 140 drllt-5550 

E140 drilt-S850 

E140 drllt-51150 

E140drih-51246 

E140 drilt-51450 

E140drtlt 51879 

E 140 drift-NS 

E 140 Clrih-N626 

E140 drllt-N1266 

EJOOClrtlt-51150 

EJOO drllt-S850 

590drll1-W100 

590 drll1-W400 

N150 dr111-E90 

N150 dr111-W50 

N 1100 drift-EBO 

N1100 drllt-W78J 

21-Aug-84 

28-Jul-87 

15-Aug-84 

08-Aug-84 

28-5ep-84 

16-Jan-85 

09-Mar-88 

16-Mar-88 

07-Jun-84 

14-Jun-84 

01-Ma1-8B 

18-Jun-84 

06-Jan-88 

24-May-84 

24-f~BJ 

28-f~BJ 

26-Jul-84 

25-Jul-84 

28-Jul-87 

03-0ec-87 

29-Jul-87 

31-Jul-87 

12-Jan-84 

04-Feb-86 

N1100drllt-W951 04-Feb-86 

N1100drll1-W1159 04-Feb-86 

N1100 drllt-W1347 04-Feb-86 

N1420 drll1-W258 07-Apr-84 

N1420 drll1-W391 07-Apr-84 

Room L2 30-Apr-84 

Panel 1 Room 1, 30-May-86 

Panel 1 Room 2 23-Jan-87 

Panel 1 Room 3 19-Feb-87 

Panel 1 Room 4 03-Feb-88 

Panel 1 Room 5 12-Feb-88 

Panel 1 Room 6 26-Feb-88 

Panel 1 Room 7 10-Mar-88 

~ Fieldtag represents most recent Installation. 

1.11 

0.96 

1.07 

1.29 

1.22 

1.14 

1 56 

160 

1 50 

0 62 

1.25 

1 77 

1 44 

I 03 

0 Bl 

0 67 

0 B9 

0 B2 

0.55 

1.32 

0.55 

1.06 

0.60 

0.58 

0.53 

0.60 

0.5B 

1.17 

1.55 

1.28 

2.56 

2.94 

3.27 

3.32 

3.09 

2.68 

2.94 

O.B1 

0.66 

0.73 

O.B2 

1 07 

I 22 

I 28 

I OB 

I 27 

1.t3 

0 97 

I JO 

0 72 

0 09 

0 73 

0 73 

0 54 

0 58 

1.03 

0.68 

1 01 

1.06 

0.67 

0.58 

0.61 

0.63 

1.45 

1.41 

1.B9 

1.93 

2.13 

1.99 

1.93 

1.97 

1.87 

O.B7 

0.72 

0.83 

O.BB 

1-16 

1 22 

1.25 

1.02 

1.14 

1.54 

096 
1.60 

O.B5 

1.B7 

0.71 

0.60 

1.11 

O.B5 

1.0B 

1.59 

0.95 

0.58 

0.49 

0.52 

0.54 

1.37 

1.32 

1.27 

1-78 

1.55 

1.65 

1.57 

1.50 

1.55 

1-43 

0.79 

0.65 

0.86 

0.7B 

1.00 

1.20 

1.17 

0.94 

1.07 

1.06 

0.90 

1.29 

1.00 

2.14 

1 47 

0.68 

0.58 

0 55 

0.63 

0.79 

1.03 

0.81 

0.55 

0.47 

0.50 

0.51 

0.69 

0.76 

1.22 

1.46 

1.51 

1.50 

1.37 

1.35 

1.39 

0.70 

0.56 

0.72 

0.73 

0.76 

1.00 

1-14 

1.03 

0.83 

1.06 

0.95 

O.B4 

1.14 

1.13 

1.64 

0.54 

0.42 

0.47 

0.50 

O.B5 

0.83 

0.47 

0.41 

0.43 

0.46 

0.86 

0.95 

1-17 

1.26 

1-14 

1.35 

1.29 

1.28 

1-17 

1-16 

0.75 

0.65 

0.73 

0.76 

0.77 

1.09 

1.15 

1.09 

0.86 

1.12 

1.00 

O.B5 

1.13 

1.02 

1.64 

1.33 

0.63 

0.52 

0.53 

0.58 

0.77 

0.88 

0.92 

0.55 

0.49 

0.54 

0.39 

0.89 

1.00 

1-19 

1.35 

1.25 

1.4B 

1.47 

1.50 

1.31 

1.24 

1.14 

1.15 

1.15 

1.30 

1.31 

1.3B 

1-76 

1.58 

1.66 

1.68 

1.58 

2.30 

1.64 

1.38 

1.60 

1-70 

1.15 

1-16 

1-17 

1.34 

1.15 

1.60 

1-12 

1-10 

1.10 

1-11 

1-10 

1.94 

1.34 

1.68 

1-74 

1-79 

1.79 

1.83 

1.84 

1-74 

1.85 

Comments 

Rate higher than predicted. 



6.0 Performance of SPDV Rooms and Northeast 
Experimental Area 

The Site and Preliminary Design Validation (SPDV) Rooms, located in the northwest section of 

the underground facility, were excavated as a four-room panel in early 1983 (Figure 1-2). The 

rooms were equipped with geomechanical instrumentation almost immediately after excavation. 

To validate the disposal room design, the SPDV Rooms were mined to the same specifications 

as the disposal rooms. The dimensions are 13 feet (4 m) high, 33 feet (10 m) wide, and 300 feet 

(90 m) long, with 100-foot (30-meter) pillars. 

The design crite1ia for the disposal rooms required total vertical and horizontal closure to remain 

below certain limits. However, closure in the SPDV Rooms was found to be higher than the 

anticipated values based on laboratory test results. 

After design validation was considered complete, geomechanical monitoring of the SPDV 

Rooms continued primarily to observe the long-term behavior of the disposal rooms. While the 

behavior of the SPDV Rooms is relevant to the disposal rooms, it must be remembered that 

variability is inherent in natural materials such as salt. Although the SPDV rooms have behaved 

differently, they still provide a good analogue to the waste disposal rooms. 

6.1 Modifications to Excavations 

No modifications were made during this reporting period; however. routine maintenance was 

performed on the ribs to remove loose rock. 

6.2 Instrumentation 

Geotechnical instrumentation was installed in the SPDV Rooms in March and April 1983. 

Instrument locations for SPDV Room 4 are shown in Figure 6-1. 

Currently, three extensometers have remained operational at the midpoint of SPDV Room 4 

since April 1983. Extensometer 5 lX-GE-00206, located in the east rib, has a total displacement 

of 8.3 inches (21 cm). Extensometer 5 lX-GE-00207, located in the roof, has a total 

displacement of 11.3 inches (29 cm). Extensometer 5 lX-GE-00208, located in the west rib, has 

a total displacement of 6.5 inches (16.5 cm). 
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The convergence points located in SPDV Rooms 1, 2, and 3 remain inaccessible. All 

convergence points in SPDV Room 4 continue to be read regularly. Arrays of convergence 

points in SPDV Room 4 are located at the north end of the room, at the midpoint, and at the 

south end of the room. The arrays located at the north and south ends of the room were 

installed in. April 1989. The vertical closure rates at the room centerline for the north and south 

end of the room are 2.2 in/yr (5.6 cm/yr) and 2.0 in/yr (5.1 cm/yr), respectively. The vertical 

closure rate at midpoint of the room, centerline is 2.7 in/yr (6.9 cm/yr). The midpoint array was 

installed in May 1983 and has been read continuously since installation. 

Due to the roof fall in SPDV Room 2 on June 12, 1994, eleven out of twelve wire convergence 

meters located in the room were destroyed. Currently, one wire convergence meter located at 

the north end of the room remains functional. 

6.3 Excavation Performance 

Only SPDV Room 4 is currently open and in use. Gradual deterioration in ground conditions 

and roof falls caused the other rooms to be barricaded. The rooms were barricaded rather than 

remedied so that the long term performance of unsupported, unmaintained rooms could be 

studied. Allowing one or two excavations to safely deform to the point of roof failure gives 

ground control engineers a reference against which conditions in other drifts can be compared. 

It should be noted, however, that all the rooms can be restored to safe operating conditions, if 

desired, using common mining practices. The status of the SPDV rooms are summarized below: 

SPDV 1: 

SPDV 2: 

SPDV 3: 

SPDV 4: 

Closed to all but geotechnical monitoring activities in May 1989. Closed to all 
activities in November 1989. A substantial roof fall occurred in February 1991. 
This event was predicted with increasing confidence since October 1989. 

Closed in November 1989. Monitored since then only with remote 
instrumentation. A substantial roof fall occurred in June 1994. The roof fall was 
predicted in October 1993. 

Closed in June 1990. Due to inaccessibility and the absence of remotely read 
instruments in the room, no roof fall estimate is available. 

Open and in use. Receives routine maintenance. Current life expectancy is long, 
but indefinite. 
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6.3.1 SPDV Room 2 Stability and Roof Fall Prediction 

On June 12, 1994, at approximately 11:15 PM, six years after the room was barricaded, a roof 

fall occurred as predicted. The size, shape, timing· and manner of collapse of the roof are 

consistent with predictions made in The Current Bases for Roof Fall frediction at WIPP and a 

Preliminary Prediction for SPDV Room 2 (DOE, 1993a). Figures 6-2 through 6-4 show the 

convergence data up to the time of the roof fall. Figure 6-5 compares the convergence data in 

SPDV Rooms 1 and 2. 

By visual inspection, the slab appears to be approximately 200 feet (61 m) long, 30 feet (9.1 m) 

wide. The cross-section appears to be roughly triangular and seven to eight feet (2.1 to 2.4 m) 

thick at the apex. These dimensions indicate that the weight of the fallen rock is about 1400 to 

1600 tons. Examination of the video tapes of the roof fall shows that the slab fell almost 

instantly in one large block with no warning. The fall appears to encompass the entire roof of 

the room from about 37.5 feet (11.4 m) north of the Nl 100 drift to between 37.5 feet (11.4 m) 

and 75 feet (22.9 m) south of the N1420 drift. 

Beginning on the evening of June 10, 1994, Geotechnical Engineering staff had continuously 

monitored the SPDV Room 2 datalogger. Convergence rates increased rapidly and steadily from 

about 70 in/yr (177 cm/yr) on the morning of June 10th to about 100 in/yr (254 cm/yr) on the 

morning of the 11th and then to about 200 in/yr (508 cm/yr) on the morning of the 12th. The 

last reading before the roof fell was 1098 ± 28 in/yr (2789 cm/yr± 71 cm/yr). 

An alarm system attached to the SPDV Room 2 datalogger performed as intended and 

automatically notified the Central Monitoring Room operator that the fall had occurred. The 

CMR operator then notified the appropriate Engineering, Operations, and Safety personnel who 

immediately reported to the site. Operations performed an underground re-entry checkout, the 

video tapes were retrieved from the VCRs, and the room was visually examined through the 

bulkhead at N 1100 drift. The video recording system provided two different views of the roof 

fall. 

In the months preceding the SPDV Room 2 roof fall, an empirical curve fitting analysis was 

used to estimate the date of the fall. The primary assumption of this analysis was that the 

deterioration of the slab in SPDV Room 2 would be similar to that of SPDV Room 1, especially 

in the final months preceding the roof fall. Data from each of the four convergence meters 

located in SPDV Room 1 were fit to the equation: 
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where tis the number of days between the time of the reading and the roof fall, C is the 
convergence rate in inches per year, and m, b, and Cc are curve fitting parameters. The curve 

fitting results for each of the SPDV Room 1 convergence meters are presented in Table 6-1. 

Table 6-1 
SPDV Room 1 Curve Fitting Results 

Instrument m1 b1 m2 b2 ( 

51X CW-001 -0.01224 1.484 -0.2238 3.631 10.15 

51XCW-002 -0.01475 1.638 -0.2050 3.639 10.52 

51X CW-003 -0.02044 1.488 -0.3392 4.174 8.43 

51X CW-004 NIA NIA -0.2958 3.599 NIA 

There are no values for m1, b1, and Cc for 5 lX CW-004, because the closure rate for that 

instrument did not accelerate until shortly before the roof fell. Table 6-2 and Figure 6-6 

summarize the predictions that have been made using the curve fitting analysis. 

Table 6-2 
Historical Summary of SPDV Room 2 Roof Fall Predictions 

Date Prediction Predicted Range of Most Probable Predicted 
Publication/Letter Was Made Dates of Roof Fall Date of Roof Fall 

DOE/WIPP 93-033 4/93 10/93 - 4/95 4194 

Addendum 1 10/06193 10/93 - 4/95 2109194 
Addendum 2 11/16/93 12/13/93 - 04/05/94 2124/94 
Addendum 3 01/11/94 01/26/94 - 04/18/94 3119194 
Addendum 4 02/14/94 02/22/94 - 04/16194 3126194 
Addendum 5 03/10/94 03/ 16/94 - 05/01/94 4/13/94 
Addendum 6 04/04/94 04/09/94 - 05/17194 5101194 
Addendum 7 05/02/94 05/18/94 - 05/29/94 5122/94 
Addendum 8 05/23/94 06/03/94 - 06113194 6108194 
Addendum 9 06/06/94 NIA* NIA* 

* The roof fall was considered irruninent at this time. 

6-5 



6.3.2 SPD V Room 3 

SPDV Room 3 was barricaded in June of 1990, and ten-foot (3-meter) rockbolts were installed 

in the north half of the room in November 1990. Fly ash block walls were installed at both ends 

of the room in 1993, allowing only limited visual inspection. Installed instruments have not 

functioned for several years; there is no remote geotechnical monitoring of this room. At the 

time the room was barricaded, the condition of the roof was comparable to that of SPDV 

Room2. 

6.3.3 SPD V Room 4 

SPDV Room 4 is the only SPDV Room still accessible. It is primarily used as a warehouse and 

for access to the N1420 drift The roof of the room is pattern bolted with ten-foot (3-meter) 

mechanical rockbolts. Geomechanical conditions in SPDV Room 4 have always been better 

than in the other SPDV Rooms. Convergence and borehole extensometer data are collected 

from SPDV Room 4 and are supplemented with visual observations. Convergence rates are 

relatively low, less than three inches per year (7.6 cm/yr). Roof displacement rates measured by 

the extensometers are stable. Roof fracturing in the north half of the room is beginning to form 

a wedge-shaped pattern. The convergence at the north array is slightly asymmetric across the 

width of the room, with the east side moving about twenty percent faster than the west side. 

These data are precursors indicative of roof instability or floor lift, but their magnitude is 

minimal and not cause for concern at this time. 
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7.0 Performance of Waste Disposal Area 

Excavation of the waste disposal area began in May 1986, with the mining of entries to Panel 1. 

Initially, the disposal rooms and drifts were developed as pilot drifts that were later excavated to 

13 feet (4 m) high, 33 feet (10 m) wide, and 300 feet (91 m) long. Room 1 was excavated to 

near full dimensions in August 1986, and pilot drifts for disposal rooms 2 and 3 were excavated 

in January and February of 1987. Rooms 4 through 7 were completed between March and May 

of 1988. 

In 1991, a supplementary roof support system was designed and installed in Room 1, in order to 

facilitate a bin-scale test program. At that time, the existing geotechnical monitoring system in 
the room was upgraded to meet the needs of evaluating the performance of both Room 1 and the 

support system. A detailed description of the installation is presented in the Waste Isolation 

Pilot Plant Supplementary Roof Support System Undengound Storau Area Room 1. Panel 1 

(DOE, 1991). Detailed analyses of the system performance, maintenance activities, and 

procedure development are presented in performance summaries (DOE, 1992; DOE, 1993b; 

DOE, 1993c). 

7.1 Modifications to Excavations 

No new excavations were mined in the Waste Disposal Area during the reporting period. 

However, routine maintenance was performed on ribs, floor, and back. In addition, Room 7 was 

pattern bolted in March 1994. 

7 .2 Instrumentation 

Installation of convergence points immediately followed the completion of each mining pass. 

Multi-point borehole extensometers were installed after completion of the final room trimming 

and drilling of the boreholes. 

No new extensometers were installed during this reporting period. Monitoring continues on all 

ex ten so meters. 

No new convergence points were installed during this reporting period; however, reinstallations 

were performed as a result of floor trimming in the S 1600 and S 1950 drifts. 

7-1 



Monitoring of four convergence meters in Room 6 continued during this reporting period. The 

convergence meters were placed at the midpoints of Room 6 to monitor horizontal and vertical 

closure of the room. 

The 286 rockbolt load cells in the Room 1 yielding roof support system are monitored on a 

weekly basis and determine when the bolts are to be detensioned, based on the load indicated by 

the rockbolt load cells. By detensioning, the loads were reduced from approximately 20,000 lbs 

down to 5,000 lbs. 

7 .3 Excavation Performance 

Convergence points were installed at selected locations immediately following excavation in 

order to collect early closure data. Tables 7-1 and 7-2 compare the closure rate for the Panel 1 

rooms and the SPDV rooms. Although the history of the Panel 1 rooms is shorter than that of 

the SPDV rooms, a similar pattern of closure is emerging. The vertical closure rates in Room 1, 

Panel 1 have shown a slight increase from the last reporting period. Room l, Panel 1 data will 

continue to be compared with data from the SPDV rooms in order to determine the effect of 

rockbolts and the supplemental roof support system on the life of the room. Roof to floor 

convergence data indicate that the closure in the waste disposal areas is comparable to that of the 

SPDV rooms at a similar stage of development. 

During this reporting period minor modifications were made to the supplementary roof support 

system in Room 1, Panel 1. Documentation of the modifications can be found in the SRSAG 

reports (DOE. 1993c and DOE. 1994). 

The support system has performed in accordance with design expectations with no major 

problems encountered. The monitoring system is performing well and is able to adequately 

measure the performance of the room and support system. Room 1 continues to exceed 

performance criteria. 

7-2 
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ROOM DATE OF 
EXCAVATION AT 

INSTRUMENT 

PANEL 1: 

ROOM 1 June 1986 

ROOM2 January 1987 

ROOM 3 February 1987 

ROOM 4 February 1988 

ROOMS February 1988 

ROOM6 February 1988 

ROOM7 March 1988 

SPDV: 

ROOM 1 April 1983 

ROOM2 March 1983 

ROOM3 March 1983 

ROOM4 April 1983 

Table 7-1 
Closure Rates by Time Since Excavation 
Vertical Convergence Data (inches/year) 

EXCAVATION YEAR 
COMPLETED 

TO FINAL 0-1 1-2 2-3 3-4 
DIMENSIONS 

August 1986 4.13 4.26 4.60 3.24 

March 1988 3.02 6.71 3.33 2.91 

March 1988 1.60 9.8S 3.34 2.71 

March 1988 8.33 3.14 2.S6 2.37 

March 1988 9.19 2.76 2.28 2.17 

May 1988 8.36 3.41 2.76 2.49 

March 1988 9.26 3.22 2.70 2.Sl 

April 1983 6.79 3.1S 2.93 2.88 

March 1983 7.10 3.18 2.39 2.19 

March 1983 7.89 3.1S 2.73 

April 1983 S.40 3.18 2.6S 2.33 

NOTES: Year is dctennined from date of excavation at instrument. 

4-S S-6 6-7 7-8 

3.S6 3.08 2.76 2.90 

2.60 2.32 2.32 

2.46 2.32 2.40 

2.36 2.S4 

2.10 2.27 

2.44 2.16 

2.41 2.61 

2.8S 3.32 4.46 12.40 

2.14 2.33 2.74 2.87 

2.13 2.30 2.4S 2.31 
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Table 7-2 
Closure Rates by Time Since Excavation 

Horizontal Convergence Data (inches/year) 

ROOM DATE OF EXCAVATION 
EXCAVATION AT COMPLETED 

INSTRUMENT TO FINAL 0-1 
DIMENSIONS 

PANEL 1: 

ROOM 1 June 1986 August 1986 4.24 

ROOM2 January 1987 March 1988 l.67 

ROOMJ February 1987 March 1988 l.63 

ROOM4 February 1988 March 1988 6.SJ 

ROOMS February 1988 March 1988 6.92 

ROOM6 February 1988 May 1988 7.37 

ROOM7 March 1988 March 1988 6.SJ 

SPDV: 

ROOM l April 1983 April 1983 S.S6 

ROOM2 March 1983 March 1983 S.06 

ROOMJ March 1983 March 1983 6.46 

ROOM4 April 1983 April 1983 4.SS 

NOTES: Year is detennined from date of excavation at instrument. 
( ) Estimate based on less than one full year of data. 

YEAR 

1-2 2-3 3-4 4-S 

3.00 2.72 1.80 1.78 

S.29 2.03 1.64 1.43 

8.14 2.26 1.76 1.60 

2.16 1.67 I.SS 1.34 

2.10 1.66 I.SO 1.36 

2.09 1.64 1.39 1.28 

1.93 I.SO 1.37 l.16 

2.47 l.9S 1.79 l.S6 

2.16 l.63 l.S2 1.42 

2.28 l.15 I.SO 2.08 

1.79 I.SJ 1.29 l.17 

S-6 6-7 7-8 

l.S2 1.30 1.32 

1.26 1.28 

1.41 I.SO 

1.44 

1.48 

1.31 

1.22 

l.89 

l.SS (1.BS) 

i.n t.n 

1.31 l.36 1.28 

* 



8.0 Excavation Effects Program 

Excavation effects, which are the structural responses of the rock mass to excavations, have been 

observed and monitored since mining of the underground facility began at the WIPP. A 

historical summary of excavation effects activities is presented in Table 8-1. During this 

reporting period, observations of excavation effects include: 

• subsurface fractures in boreholes 

• fractures on excavation surf aces 

• rockbolt failures. 

These observations quantify, and assist in the interpretation of fractures and bedding plane 

separations that result from the underground excavations. The size and orientation of fracture 

apertures or of bedding plane separations are recorded. When possible, indirect measurement or 

visual estimates are made of the distance that a fracture or separation extends into the rock. 

8.1 Borehole Fracture Observations 

Systematic borehole observations were started in mid-1986 to study fractures and separations in 

the roof and the floor of the repository. This program consists of an annual inspection of 

boreholes that are arranged in arrays throughout the underground as shown in Figure 8-1. 

Variation in the field data resulting from interpretation by individual inspectors must be taken 

into consideration when evaluating the results presented here. Graphical representation of the 

arrays is available upon request. 

8.1.1 Interpretation of Fracture Observations 

The results of the 1994 survey are compared with the results of previous surveys in Table 

8-2. The fractures in roof and floor boreholes are interpreted in terms of their distribution. The 

main conclusions from the data are that over time: 

• fracture frequency increase 

• width of fractures and separations increases 

• relative displacement at horizontal offsets increases. 

8-1 
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Date 

April 1983 

July 1983 

August 1985 

December 1985 

May - June, 1986 

1986 

1987 

February 1987 

Table 8-1 
Historical Summary of Excavation Effects 

Event 

Excavation of SPDV Rooms completed. 

Sounding survey of all underground openings. 

Floor fracturing identified in SPDV Room 3. 

Observation holes drilled in Waste Shaft Station. 

Supplemental drilling program for newly established 
Excavation Effects Program to investigate conditions in the 
roof and tloor. 

Ground-penetrating radar performed in test rooms as 
referenced in Borns and Stom10nt (1989). 

Feasibility study of electromagnetic methods for detection 
of fluid and fracture zones underground at WIPP. 

Recommendation by Underground Maintenance Committee 
to cease normal ground maintenance activities in SPDV 
Room 2 to allow observation of unrestricted deformation. 

Comments 

None. 

All drummy or slabby areas were removed by hand or 
with continuous miner or rock bolted. 

None. 

27 holes dril1ed in Waste Shaft Station to determine 
condition of MB 139. 

30 borehole arrays established throughout the 
underground (Figure 8-1). 

Technique was effective in locating first reflector, such as 
fracture or clay layer, but structures below this were not 
easily distinguished. 

Study successfully demonstrated use of a direct current 
resistivity measurement method. 

Scaling and rockbolting prohibited in Room 2. 
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Date 

September I, 1987 to 
February 12, 1988 

January to May, 
1989 

April 5, 1989 

May 4, 1989 

May 1989 

August 1989 

March and June 1990 

June 1990 

June 19, 1990 

Table 8-1 (continued) 
Historical Summary of Excavation Effects 

Event 

The section from Clay G downward in Salt Handling Shaft 
station removed by scaling machine. 

Detailed fracture surveys completed in each of the SPDV 
rooms. 

South half of SPDV Room I evacuated and barricaded. 

North half of SPDV Room I and all of SPDV Room 2 
evacuated and barricaded. 

Time Domain Reflectometry cables installed in SPDV 
Rooms 2 and 4. 

Ground probing radar perfom1ed in SPDV rooms and Room 
6, Panel I. 

Ground probing radar perfom1ed in SPDV rooms, the 
underground core library, and Room 6, Panel I. 

SPDV Room 3 barricaded. 

Rock fall in experimental Room A2. 

Comments 

Action taken because of observed displacements, 
separations, and fractures in boreholes in shaft station 
roof, and minor separations in some holes drilled into the 
station floor. 

Surveys performed in response to increased fracturing in 
SPDV Rooms l and 2. 

Extensive continuous fracture system in roof confirmed by 
drilling operations. 

Intensive fracture mapping in these two rooms indicated 
that they should be barricaded. 

Time Domain Reflectometry cables measure rock 
displacements based on electromagnetic signals caused by 
changes in cable geometry. 

Improved processing techniques and equipment identify 
fractures and stratigraphy within the first two meters of an 
excavated surface. 

Enhanced processing enables differentiation between brine 
and air filled velocities fractures. 

Radar and roof soundings indicated incompetent ground. 

Slab is estimated to he 1-2' thick and has a triangular plan 
view, es1imated to be 70' long and 18' wide. 



Date 

September 1990 

October 1990 

February 4, 1991 

March 1991 

April 1991 

00 May 3, 1991 
~ 

May 23, 1991 

March - May 1991 

August 1991 

September 1991 

December 1991 

March 1992 

Table 8-1 (continued) 
Historical Summary of Excavation Effects 

Event 

Cribbing in Nl 100 and Nl420 drifts. 

Cribbing at experimental Room A2. 

Rock fall in SPDV Room l. 

Cribbing in N 1100andN1420 drifts. 

Ground support al S- t 950, E-300 overcast. 

Rock fall in experimental Room A2. 

Rock falls in experimental Room A I. 

Northern section of E140 enlarged. 

N460 enJarged. 

Roof maintenance in E 140 drift. 

Supplementary ground support installed in Room I, Panel 
I. 

Additional ground support installed in Waste Shaft Station. 

Comments 

Cribs were installed in the entrances to SPDV Rooms 1,2, 
and 3, and experimental Rooms A 1 and A3. 

Cribs were installed in the entrances to the room. 

Size of slab is estimated to be 150'L X 33'H X 6'(ave.) H. 

Cribs were installed in the entrances to experimental 
Rooms A, 8, and D. 

Straps and rockbolts were emplaced on both sides of the 
overcast to provide additional ground support for the area. 

Slab dimensions are estimated to be 18' X 30" X 18". 

Two separate falls occurred within 15 minutes of one 
another. Combined size estimated to be 50' X 18" X 18". 

El40, N1420 to S90, was enJarged to 14' X 25'. 

N460, EO to E140, was enlarged to 13' X 25'. 

Extensive roof maintenance was performed on the west 
side of the El40 drift at approximately S1450. 

A supplementary roof support system was installed in 
Room 1, Panel 1 to address project Test Phase 
requirements. 

A cable-support ground control system was installed in 
the eastern brow of lhe Waste Shaft. 

., 
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Date 

June 1992 

October 1992 

January 1993 

February 1993 

September 1993 

February 1994 

May 1994 

June 12, 1994 

Table 8-1 (continued) 
Historical Summary of Excavation Effects 

Event 

Additional ground support installed in El40 drift. 

Extension of E300 drill and excavation of N250 drift. 

Ground support installed in Air Intake Shaft station. 

Mesh installed on roof of new E300/N250 shop. 

Cable support system installed over EO overcast brow. 

Pattern bolts installed in Room 7, Panel 1 from S 1600 to 
S1950. 

Supplementary roof support installed in N 1400 from Room 
C2 to Room A3. 

Rock fall in SPDV Room 2. 

Comments 

An enhanced ground control system approximately 50 feet 
in length and consisting of wire mesh, cable lacing and 
mechanical anchored rockbolts was installed in E 140 drift 
at approximately S 1500. 

A N250 drift was excavated between E140 and E300. The 
E300 drift was extended to N250. Various alcoves were 
mined to the north and east from E300. 

A ground control system consisting of cables and resin
anchored rockbolts was installed on both station brows. 

Installation of short resin-anchored suspension bolts and 
welded wire mesh on the roof of the new E300 
maintenance shop. 

Brow trimmed and supported with cables installed using 
cable shoes and resin-anchored bolts. 

The bolts are anchored above the first major clay seam. 

This installation provides continued safe access to data 
collection facilities. 

Size of slab is estimated to be 200'L X 30'W X 4'(ave.)H. 



I-
z 
w 
~ 
w >-
<.!> <( 
z (/) et: z <( w et: 0 et: _J <( I-

'oe1z-s DOD 
et: 0 <( <( I z . .. ... ... .. _J <( u 

i! i! ii! I I I I o;e1-s _J _J 0 
<( _J 

D D D ;:o D DOOU u et: z 
0 I >-

i a.. 
l.J.... I- <( 

>- ~ et: ... I- 0 et: 
<( 

0091-S 

ODD :~ 
I 

® 
I 

D 
w .. 

I-
l.J.... 
<( 

0001-S 

D®D 
I 

:1~ 
(/) 

~ 
0 ~ 

~ 

f-
(/) 

::J f-
<( l.J.... 
I <( 
X I 
w (/) (.!) 

z 
-- f-f- 0 l.J.... 

_JZ<( 
<( <( I 
Cl) I Cl) 

~ 
07:9-N 

Olll-N 

® OOIL-N 

0 I ·o ~ 
0: 

0 .., = - N .!. 
' ' " " 

Figure 8-1 . 
Borehole Locations for the Excavation Effects Program 
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Table 8-2 
Cumulative Data from the Excavation Effects Program 

Fracturing 

Percent 1~f Percent of Percent of Percent of Percent of Percent of Percent of Percent of Percent of 

Year EHoles A Holes CHoles FHoles B Holes DHoles All Roof All Floor All Holes 
(Roof) (Roof) (Roof) (Roof) (Floor) (Floor) Holes Holes 

1986 22 28 22 29 46 36 24 37 30 

1987 41 52 41 46 62 64 44 57 51 

1988 52 64 52 54 65 71 56 63 60 

1989 63 80 67 61 69 71 70 67 68 

1990 78 88 78 71 77 79 81 76 78 

1991 81 88 78 71 77 79 82 76 79 

1992 81 92 89 71 77 79 87 76 81 

1993 81 92 89 71 81 79 87 77 82 

1994 81 96 89 75 81 79 89 78 83 

Horizontal Offsetting 

Percent of Percent of Percent of Percent of Percent of Percent of Percent of Percent of Percent of 

Year E Holes A Holes C Holes FHoles B Holes D Holes All Roof All Floor All Holes 
(Roof) (Roof) (Roof) (Roof) (Floor) (Floor) Holes Holes 

1987 63 32 63 21 35 21 53 26 39 

1988 78 44 85 32 46 43 70 40 55 

1989 85 60 89 46 54 46 78 49 63 

1990 89 64 93 54 58 54 82 55 68 

1991 89 80 93 54 62 54 87 56 71 

1992 93 80 93 57 62 54 89 57 73 

1993 93 84 93 57 62 54 90 57 73 

1994 93 84 93 57 62 54 90 57 73 
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Horizontal offsets in the roof usually occur at clay seams or within the first few inches of the 

roof as shallow spalls. Horizontal offsets in the floor are generally associated with fractures that 

define large, shallow, dish-shaped slabs. Direction of off set is observed as the movement of the 

side of the offset nearest the observer relative to the far side. Direction of offset is typically 

toward the center of the excavation at clay seams and toward the ribs at shallow fractures. The 

number and magnitude of offsets is greater in boreholes located near ribs. 

8.1.2 Results 

Results from the survey are presented in two groups to separate offset information for boreholes 

drilled at different times. In 1986, 161 roof and floor boreholes (Arrays 1-30) were drilled. 

Offsets were first recorded for many of these holes in 1987. Eighteen additional roof holes 

(Arrays 31-36) were drilled in 1991, and offsets were first recorded for these holes in 1992. 

Array 37, containing six roof and floor holes, was drilled in 1993, with offsets first recorded in 

the same year. 

Table 8-3 lists arrays that are no longer inspected. Thirty-five percent of all roof and floor 

boreholes that were inspected in 1994 are blocked by horizontal offsets. Access into some floor 

holes has been lost due to infilling with salt debris. 

Arrays 1-30 

Since 1986, fractures have been recorded in 89 percent of all roof holes in Arrays 1-30. During 

this reporting period, fractures were recorded in 82 percent of inspected roof holes. Access to 

the remainder is blocked by equipment, cables, or location in barricaded areas. Twenty percent 

of all roof fractures recorded this year were at least 1/8 inch (3 mm) wide with a maximum 

width of 1-3/16 inch (3 cm). Eleven percent of the roof fractures occurred at clay seams. In 

general, floor fractures in 1994 have vertical openings no wider than 3/16 inch (5 mm). The 

maximum floor fracture opening, six inches ( 15 cm), was found adjacent to the Salt Shaft 

grizzly. Openings wider than six inches have been observed in the floor near the ribs in the 

SPDV rooms in past inspections. They are associated with shallow, dish-shaped slabs. 

Horizontal offsets have occurred in 90 percent of roof holes and in 57 percent of floor holes in 

Arrays 1-30 since 1986. The maximum annual relative displacement at any roof offset was two 

inches (5 cm), and at any floor offset 3/4 inches (2 cm). Fifty-eight percent of the offsets 

occurred at clay seams. 
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Array 

4 

5 

6 

7 

8 

9 

10 

16 

26 

Arrays 31-36 

Table 8-3 
Inaccessible Arrays 

Last Survey Date 

1990 

1986 

1990 

1989 

1989 

1989 

1989 

1989 

1989 

Comment 

Not accessible 

Not accessible 

Not accessible 

Not accessible 

Not accessible 

Not accessible 

Not accessible 

Holes are filled with muck 

Not accessible 

Arrays 31 and 33 located in the a barricaded area, therefore were not inspected during the 1994 

survey. Ninety-two percent of the boreholes in the remaining arrays contained fractures, with 

maximum width of 3/8 inch ( 1 cm) within the first foot (0.3 m) of two boreholes. Ten percent 

of the fractures occurred at clay seams. 

The maximum total relative displacement at any offset was 1-1/4 inch (3 cm). The maximum 

annual displacement was 3/8 inch ( 1.6 cm). 

Array 37 

Array 37 is located in the youngest WIPP excavation (completed in 1992). The largest offset 

was 1 inch (2.5 cm) relative displacement. The maximum annual displacement was 7 /8 inch 

(2.2 cm). Tight fractures were found in five of the six holes. 
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8.2 Fracture Mapping of Excavation Surfaces 

Maps of surficial fractures in the ~p excavations are generated for assessments. During this 

reporting period, fracture maps were produced to assist in ground stability assessments for the 

following areas: 

• N1420 Drift - Roof 

• Rooms Cl, C2 - Brows 

• E140 Drift South - Roof 

• SPDV Room 4 - Roof 

Unless otherwise noted, fracture apertures are 1/16 inch (2 mm) or less for the following 

discussion. 

8.2.1 N1420 Roof Fractures 

This section summarizes changes in fracture conditions in the roof of Nl420 from Room D to 

Substation 2A. Figure 8-2 shows the overall pattern of fracturing as of February 1994. This was 

compared to fractures documented in January 1993. 

The majority of the mapped area lies at the experimental horizon, with Clay I approximately 

four to five feet (1.2 to 1.5 meters) above the roof. Anhydrite "a" lies approximately eight feet 

(2.4 meters) above the floor, while Anhydrite "b" lies about one foot (0.3 meter) above the floor. 

West of Room B, the excavation ramps down to the disposal horizon. The roof intersects with 

anhydrites "a" and "b" respectively as it descends. Brows occurring at these intersections 

terminate at each overlying anhydrite layer. 

At the base of the ramp, the drift lies at the facility horizon, where anhydrite "b" typically lies 

about 7 feet (2.1 meters) above the roof. 

Boreholes located east of Room B were drilled in March 1991. Boreholes west of Room B were 

drilled in June 1986. Where boreholes were inaccessible during the 1994 survey, information 

from the previous survey is provided. 
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Fracturing in the roof along the ribs is virtually continuous from Room D to the ramp. The 

fractures typically start about one foot (0.3 meter) from the ribs and propagate at low-angles into 

the roof beam. Apertures are typically about 1/4 inch (6 mm), with a maximum of two inches (5 

cm). The fractures often curve around miters at intersections, but rarely continue into the 

intersections. Near-rib fractures are absent in the roof between the brows in the ramp area, but 

resume west of the lower brow. 

Vertical fractures propagating across the drift have appeared between rooms C2 and A3. 

Observation boreholes in the area reveal fractures concentrated within 1.9 feet (0.6 meter) of the 

roof. Displacements have occurred at half of the fractures. Displacement of the roof beam 

toward the drift centerline increased 1/4 inch (6 mm). 

Between rooms A.3 and A2, previously mapped vertical fractures propagating across the drift 

remain relatively unchanged, and similar new fractures have appeared. A previously mapped 

vertical fracture propagating along the drift increased in length, and several similar new fractures 

have appeared. Between Rooms Al and Room B, new vertical fractures have appeared, 

propagating from the ribs; however, none cross the drift centerline. Observation boreholes in 

these areas previously identified fractures, often concentrated within about 2 feet (0.6 m) of the 

roof, and revealed displacement of the roof beam toward the drift centerline. 

Fracturing decreases west from Room Band is absent near the upper brow. This can be 

attributed to the location of Clay H (exposed in the ribs), which confines the horizontal load to 

the ribs below the clay and allows them to off set into the excavation. Observation boreholes in 

the area previously revealed displacement of the roof beam toward the drift centerline. 

The brow in the upper portion of the ramp terminates at approximately the top of Anhydrite "a". 

The brow is displaced east along Clay H, and horizontal convergence is apparent from numerous 

low-angle fractures in the vertical exposure. Some fractures have lengthened (and in some cases 

interconnected), and several new fractures have appeared. 

Numerous vertical fractures have appeared in the underside of the upper brow within ten feet (3 

meters) of the vertical exposure. These fractures are oriented parallel to the plane of the vertical 

exposure. Excluding the former. fractures are virtually absent between the upper and lower 

brows. This is attributed to the location of Clay G (exposed in the ribs) which confines the 

horizontal load to the ribs below the clay and allows them to offset into the excavation. 
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The vertical exposure of the lower brow terminates at Anhydrite "b". The brow is displaced east 

along Clay G. Fractures in the vertical exposure remain unchanged in number and length; 

however, apertures have reached a maximum of one inch (2.5 cm). Fractures in the drift from 

the base of the brow to Substation 2A are relatively unchanged. 

8.2.2 Rooms Cl, C2 - Brow Fractures 

In this summary, the bases of the lower brows are the portions of the roof between the mitered 

comers at the openings of the rooms (Figure 8-2). Vertical fractures in these areas are typically 

parallel to the centerline of Nl420, while low-angle fractures occur along the miters. 

Previously mapped fractures in the base of the lower brow of Room Cl remained unchanged, 

and one new fracture has appeared. Vertical fractures have appeared in the base of the upper 

brow. The vertical exposures of the lower and upper brows (see inset Figure 8-2) contain low

angle fractures near the ribs. 

Previous inspections of observation boreholes in the brows revealed no separation at and no 

offsetting. The center hole in the lower brow was rubblized at the clay level. 

Previously mapped fractures in the base of the lower brow of Room C2 remain relatively 

unchanged and several new fractures have appeared. Vertical fractures remain unchanged in the 

base of the upper brow. Access to inspect the vertical exposures was blocked at the time of 

inspection. Previous inspections of observation boreholes in the brows revealed no separation at 

Clay I. One hole in the upper brow revealed a 1/4 inch (6 mm) displacement at the clay, and in 

the center hole in the lower brow, the salt was broken up at the clay level. 

8.2.3 El40 Drift South - Roof Fractures 

Fractures in the roof in El40 from S640 to S2180 (Figure 8-3) were mapped in February 1994. 

Information on subsurface fracturing and displacement was obtained from observation boreholes 

(drilled in arrays of three), located in the mapped area. Two arrays were drilled in July 1986, 

between S700 and S 1950; twelve arrays were added in this area in May 1992. Three more 

arrays were drilled in August and September 1993, between S 1950 and S2 l 80. 

The occurrence of surface fractures from S640 to S 1300 is infrequent in comparison to those 

mapped further south. The maximum fracture length is seven feet (2.1 meters). Between S700 

8-14 



,.--.... 
0 
0 
c.D 

(/) 

I 
0 
'<j-
c.D 
(/) 
'----"' 

<----~·< 
\ 

I 

.... .. 

.$700 

t 
I 

J_ 
NJ'~ 

. ------ca 

• • 

'f I . . . . 

1. . . . 
. . . 

51000 

J_ 
Nl Jl 

\ 

......,. _____ _..~ 

Figure 8-3 

r 

.,-

: I 

-~---! : • 

______ ... 
:\ 

t 

South E140 Drift Roof Fractures 

8-15 

- 1.l -j-N~ 

lJ 
c 
Q) 

.5! 

., 0 
() -
~ E .g 
C'O ...... ., ., __ 
> 0 
c:: "O-" 
0 ., QI 
u- ... 

0 0 -o..c 
0 a. ... c:: 
QI., 0 

~:s :g 
... > ., "' ... 
Co~ 
QI ..c 

(.) 0 

"O 
0 ., 

==~ 

• 

c:: 

" CD 

:2 .!? 
c 0 
~ "i ., ... 
Cl! 0 
.0 a: 
0 



t'/) 
e c .... 
::r ~ "' -· """'~ ~.., 

0 = tD 
'=' QC 

~ .., I 

-·CM 00 

;::;? -
I - "s °' 8 g. 

..... ::s D' 
~= "'I tD 
cg Q. 
n -.... c .., 
1l 

"""-r-

Legend 

• 
Observation 

Borehole 

c 

c' 

j 
·- ~ , 

I -.. 
) Ill 

0 

1 

~ -----
Fractures 

E140 (S1600-S2180) 

~ 

• 
T T .... -····;:··········· ............... . 

~ 

~ 

Supplementary 
Support System 

Installed 

. . ,.. ~· 
I ZIJ I 

feel 

. 
• 
• 

I Z!.! I 
feel 

~ 
Bulkhead 

T 

Locolized 
Tensile 

Froctures 

o' 

. 
• 
• 

............ 
Centerline of convergence 

as interpolated from 
observation borehole data. 

""" • Ill 
• 

,., ... 
• I 

~ 



and 51000, observation boreholes reveal a maximum roof beam displacement of 1/2 inches ( 1.3 

cm) and symmetry of roof beam convergence toward the drift centerline. Between 5 I 000 and 

51300, the maximum observable roof beam displacement was 2 inches (5.1 cm), and the center 

of roof beam convergence moves from west to east to the center of the drift as observed from 

north to south. 

Between 51300 and 51600, low-angle fractures dominate the west side of the drift midway 

between the intersections. Concentrated areas of vertical fracturing appear on the east side of the 

drift, as fracturing on the west side diminishes. Roof beam displacement of up to 2-1/4 inches 

(5.7 cm) has occurred, and the center of convergence, as observed from 51300 east to 51600 

west, moves from east to west of the drift centerline. 

Between 51600 and 51950, low-angle fracturing dominates the east rib, breaking at a cut-out in 

the east rib located midway between the intersections. Localized areas of vertical fracturing 

occur in the vicinity of the cut-out. Roof beam displacement of at least 1-7 /8 inches (4.8 cm) 

has occurred, and the center of convergence, as observed from 51600 east to 51950 east, moves 

from east to west and then returns east of the drift centerline. 

From S 1950 to S2180, the drift is virtually devoid of fractures. Observation boreholes in the 

area were new at the time of inspection and contained no observable displacements. 

8.2.4 SPDV Room 4 - Roof Fractures 

Fractures in the roof of SPDV Room 4 (Figure 8-4) were mapped in January 1994. Low-angle 

fractures occur within ten feet (3.1 meters) of the ribs through most of the room. Fracturing 

along the west rib tends to be continuous. Near the east rib, fractures are fairly evenly spaced 

and tend to propagate diagonally from the rib. Fracturing along both ribs decreases toward the 

ends of the room. Vertical fracturing is prominent along the center of the roof and is 

concentrated in three areas. The pattern of vertical fracturing does not appear to correlate with 

the presence or absence of low-angle fracturing along the ribs, except that this fracturing also 

decreases toward the ends of the room. Observation boreholes in the roof reveal that the 

centerline of convergence lies west of the drift centerline. 

8.3 Observations of Rockholt Failures 

Rockholt failures are documented as close to the time of failure as possible and recorded in a 

database. Each failure record includes, when possible, the type of failure. location, bolt length 
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and diameter, plate type, and any unusual condition associated with the installation. 

8.3.1 Failure Mechanisms 

Bolt head failure:: occurs when the head of the bolt separates from the bolt shaft. Head failures 

probably can be attributed to conditions causing the bearing plate to be placed at an angle not 

perpendicular to the bolt axis, which results in the bolt head becoming unevenly loaded as the 

salt deforms (Figure 8-5). The induced bending moment causes the bolt head to break off as the 

bolt takes load. Over-torquing may impart high and uneven initial bolt loads, exacerbating other 

conditions which might lead to failure. 

Shaft failure occurs when the bolt breaks along the shaft. Bolts that fail in this manner typically 

exhibit some degree of bending near the broken ends, and are termed offset failures, indicating 

that lateral forces were exerted on the bolts. Inspections of observation boreholes located near 

many of these failures often reveal slip-planes (usually clay layers) lying at approximately the 

same level as the depth of bolt breakage. These generally have some associated corrosion 

exhibited on the failure surface. 

Almost half of the rockbolts that failed in this recording period are suspected shaft failures. 

These bolts are typically held in place by wire mesh or silicone sealant, or are located in 

inaccessible areas. Since these bolts were not available for physical observation, they were 

assumed to have broken along the shaft. 

A relatively small number of bolts experience failure of the anchor or plate. Anchor failures to 

date occur when the anchor assemblies fail or slip down the bolt hole and are probably 

associated with the installation procedure or conditions at the anchor position. Plate failures 

typically exhibit cracking or tearing of the plate around the bolt hole and bolt pull-through. 

Figure 8-5 depicts the numbers of failure types that occurred each month of the reporting period. 

8.3.2 Failure Locations 

The vast majority of failures occurring during this reporting period were located in access drifts 

and rooms which were excavated to a width of 25 feet (7.6 meters) or greater (see Table 8-4). 

The remainder occurred at various locations throughout the underground. In most cases, new 

bolts were installed very near the failures. 
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Table 8-4 - Boll Failures July I, 1993 through June 30, 1994 - Location and Type 

Location Shaft Failures Head Failures Other Failures Total Failures in 
Location 

Width: Recovered: Suspected: 

Exp. Ops. Shop II 81 0 3 95 
33' 

Panel I-Rooms (IOm) 17 24 1 0 42 

L-Rooms 7 2 0 2 11 

El40-North 33 0 0 3 36 
~ 
N .... 25' 

El40-South (7.6m) 8 0 10 1 19 

EO 6 1 3 7 17 

Other 20 1 18 3 42 

Total Failures of Type: 102 109 32 19 262 Total 

Percent of total: 39% 42% 12% 7% 

Percent 
of total: 

36% 

16% 

4% 

14% 

7% 

6% 

16% 



8.3.2.1 E300 Shop (Experimental Operations Shop) 

Bolt failures in this area account for approximately one third of the total bolt failures in the 

underground this year. Because these bolts were installed almost il'nmediately after excavation, 

they were greatly affected by the early high deformation of the rock, whereas most pattern bolts 

in other areas of the facility were installed some years after excavation. The effective life of the 

rockbolts has been reduced due to the early excessive deformation. 

The shaft failures typically occurred about three feet (0.9 m) from the ribs. The recovered shaft 

failures were typically broken about 6.5 feet (2 m) from the heads, and 91 percent exhibit the 

characteristic offset-induced bending at the breaks. In the E300 shop, the first stratigraphic 

contact has been shown by core logs to lie approximately 6.5 feet (2 m) above the roof. Wire 

mesh is installed on the roof to prevent broken bolts from falling. Bolts that cannot be recovered 

through the mesh are termed suspected shaft failures and account for 74 percent of the total 

suspected shaft failures this year. 

8.3.2.2 Panel 1 - Rooms 2 through 7 

The pattern bolts in rooms 2 through 6 of the panel (Panel 1) are ten-feet (3-meter) long and 

penetrate Clay G, which lies at an average of 6.7 feet (2 m) above the back. Shaft failures from 

these rooms are typically at 6.5 feet (2 m). Pattern bolts installed in Room 7 are six-feet (1.8 m) 

long and have been thought to not penetrate the clay, however, offset failures occurred this year 

suggesting that Clay G lies somewhat lower than six feet (1.8 m) in areas of the room. The bolts 

were typically broken about 5.4 feet (1.6 m) from the heads. New ground control installations 

contain bolts which are anchored above the clay layer. Lack of reported bolt failures in Room 1, 

Panel 1 is due primarily to containment by the meshes of the Supplementary Roof Support 

System. 

The increased number of reported shaft failures in the panel rooms is the result of a torque

testing program to determine whether silicon sealant present in the installations was preventing 

broken bolts from falling from the holes. The tests indicated several suspected shaft failures, 

and, of those that were recovered, the vast majority were shaft failures with characteristic offset 

induced bending at the breaks. It is unknown how long some of the bolts were broken prior to 

discovery. The shaft failures typically occurred about eight feet from the ribs. 

8.3.2.3 El40 Drift - North 

The El40 drift north of N300 (inclusive) produced approximately one third of the total reported 

recovered shaft failures for the year. The onset of failures in this area are, as in the E300 Shop. 
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probably due to bolt installation immediately after excavation activities to enlarge the drift. 

Installation of the rockbolts immediately after excavation activities subject the bolts to early 

high deformation of the rock. This area was pattern bolted soon after the drift was enlarged. 

The failures typically occurred about 7 .5 feet (2.3 m) from the ribs and 6.4 feet (2 m) into the 

roof. Over ninety percent exhibit evidence of offsetting at the breaks. The first stratigraphic 

contact in the area of these failures has been shown by core logs to lie at an average of 7 .1 feet 

(2.2 m) above the roof. 

8.3.2.4 E140 Drift - South 

The E140 drift south of S900 (inclusive) contains approximately one third of the total recorded 

head failures for the year. The relatively small number of shaft failures averaged about 6.5 feet 

(2 m) from the ribs and 4.4 feet (1.3 m) into the roof. The zone of offsetting in the area averages 

4.8 feet (1.5 m) above the roof. 

8.3.2.5 EO Drift 

The EO drift shaft failures were an average 8.6 feet (2.6 m) into the roof and typically occurred 

7.5 feet (2.3 m) from the ribs. Shaft failures in this area started in April 1994. 

8.3.2.6 General 

The remainder of failures this year represent installations ranging from mesh support to pattern 

bolts. These failures occurred at various locations, with several failures occurring in the S 1300 

Shop, the Waste Shaft Station, and the E300/Nl 100 and E300/Nl420 alcoves. Bolts are 

replaced, as necessary, to maintain the integrity of the support patterns. 

The database of rockbolt failures is updated as bolts fail. Investigations into the causes and 

impacts of rockbolt failures in the underground are made as additional data is collected. 

8-23 



9.0 Summary 

At the start of the project, criteria were developed which address the requirements for the design 

of the WIPP. These criteria (DOE, 1984) cover all aspects of the facility and its operation as a 

pilot plant for the demonstration of technical and operational methods for permanent isolation of 

contact- and remote-handled transuranic waste. These criteria are compared with conditions 

actually observed in the underground from July 1993 to June 1994 (Table 9-1). 

Fracture development in the roof is primarily caused by the concentration of compressive 

stresses in the roof beam and is influenced by the size and shape of the excavation and the 

stratigraphy in the immediate vicinity of the opening. Pillar deformations induce lateral 

compressive stresses into the immediate roof and floor. The buildup of stress, with time, causes 

differential movement along stratigraphic boundaries. Stratigraphic boundaries allow 

differential movements which become manifest as horizontal off sets in Excavation Effects 

Program boreholes and as bending deformations in failed rockbolts. Large strains, associated 

with lateral movements in the roof, can induce fracturing in the roof which is frequently seen 

near the ribs. This scenario of roof deterioration, combining a buildup of compressive stresses 

over time, horizontal off setting, and large strains associated with lateral movements, 

substantiated by the shape and size of the roof fall in SPDV Room 2. 

The in situ performance of the excavations generally continues to satisfy the appropriate design 

criteria, although specific areas are being i~entified where deterioration due to aging must be 

addressed through routine maintenance and implementation of engineered systems. This 

deterioration has been identified through the analysis of data acquired from geomechanical 

instrumentation and the Excavation Effects Program. The expected life of some of the openings 

may need to be extended, which may require redesigning the access drifts or additional ground 

control effort. 

Through data analysis, a roof fall was predicted in SPDV Room 2. Using a curve fitting method 

of prediction, the rate of deterioration of SPDV Room 2 was found to be slower than that of 

SPDV Room 1. However, care had to be taken due to the very small variations in closure rates 

that could cause a large over- or under-estimation of the remaining stand-up time for the 

excavation. As a result of the roof fall in SPDV Rooms 1 and 2, understanding of the 

mechanism leading to roof falls and the ability to predict them has been greatly improved. The 
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database of instrumentation data from roof falls has quadrupled from four to sixteen instruments, 

which will provide significantly more confidence in future roof fall predictions. 

In addition to underground instrumentation, qualitative assessments of fracture development are 

documented through mapping of the underground repository and inspections of the excavation 

effects boreholes and other observation boreholes. The information acquired from these 

programs provides early detection of ground deterioration and contributes to the design of 

effective ground control and support systems. 

The latest evaluation of the yielding supplementary roof support system in Room 1, Panel 1 

concluded that the system continues to function in accordance with design specifications, with 

minor modifications as described in DOE, 1993c and DOE, 1994. The evaluation is based on an 

investigation of observation boreholes and geomechanical instrumentation located in the room. 

In addition, the rock stratum in which the support system is anchored appears to be stable. 

Table 9-1 
Comparison of Excavation Performance to Design Criteria 

Criterion (DOE, 1984) Description Comments 

Chapter 5: Design Criteria. "Shafts shall be designed to be strucwrally stable Water pressure observed on piezometers located 

l:nderground Item 2: Ground throughout the operating life of the underground behind the shaft keys remains below design levels. 

Control a: Shaft Design facility and for the period of time thereafter required 

for decommiuioning of the facility." Geomechanical data indicate that the shafts are 

struaurally stable. 

"The time dependent closure of shafts due to salt Closure of the shafts remains within design 

creep shall be considered in the design of shafts. requirements. 

Shafts shall be dimensioned so that the minimum 

dimensions required for shaft functions are 

maintained for the entire design life." 

"Groundwater inflow to the shaft shall be controlled The small amount of groundwater inflow into the 

so that no uncontrolled groundwater reaches the shafts have been controlled through grouting. 

storage horizon via the shafts." 
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Table 9-1 (continued) 
Comparison of Excavation Performance to Design Criteria 

c. Mine Design " ... defonnation of excavations and pillars shall Pillars remain stable. 

remain within the limits required for structural 

function, ventilation, and safety." Deformation of excavations remains within the 

required limits. A roof fall occurred in SPDV 

Room 2 in June 1994. SPDV Rooms 1. 2. and 3 

remain barricaded. 

''Rock bolts shall be used where necessary to Rock bolts have been installed throughout the 

provide positive support of roofs and walls." underground to aid in roof and wall support. 

Failures have been documented and will be studied 

further as additional data become available. 

d. Emplacement Criteri1a "The underground storage rooms and access drifts Access Drifts Geomechanical instrument data and 

shall be compatible with the waste transport visual observations indicate that the current design 

vehicles and with the waste container sizes, shapes, is compatible with emplacement criteria. Closure 

weights, stacking configurations, and the handling rates indicate that access drifts will require periodic 

and backfilling equipment requirements... . The trimming in order to provide clearances for 

storage rooms shall be sized for efficient handling equipment. The disposal rooms and access drifts 

and stacking of the CH waste containers." have been sized to pennit transportation and 

disposal of the CH TRU waste. 

Disposal Rooms Geomechanical instrument data 

and visual observations indicate that the current 

design is compatible with emplacement criteria. 

e. Retnevabihty "All wastes placed into the WIPP are retrievable. Ground control was implemented in Panel I to 

with retrievability to be demonstrated, until such ensure access into rooms during the 

time as the pilot plant is converted to an operational Demonstration/Test Phase. Delays in using Panel I 

repository for permanent disposal of wastes. The and changes in its use have required additional 

storage room shall allow for salt creep and shall be remedial measures to be taken. These include 

sized to minimize breaching of the CH waste trimming of the floors, backfilling of the floor 

containers for a period of ten years." fractures, and the installation of supplementary 

roof support in some areas. 

f. Instrumentation "'Underground instrumentation is required to Geotechnical instrumentation is operated and 

measure phenomena imponant to the performance maintained to meet the requirements of this critena. 

of the facility or which cannot be otherwise 

quantified. Instruments shall be provided to Geotechnical experts agree that the monitoring 

measure such phenomena as rock behavior. gases, program at the WIPP has been proven adequate. 

seismic activity. and groundwater pressures in order specifically with regard to the instrumentation in 

to confinn or revise design assumptions . .. Room 1. Panel 1. 
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THE CURRENT BASES FOR ROOF FALL PREDICTION 

ATWIPP 

AND A PRELIMINARY PREDICTION 

FOR SPDV ROOM 2 

I. INTRODUCTION 

This document presents the current bases for roof fall prediction at the Waste 

Isolation Pilot Plant (WIPP) and a preliminary prediction of the date of a roof fall 

in SPDV Test Room 2. The ability to correctly assess the stability of the 

excavations at the WIPP is necessary to protect the safety of site workers, the 

environment, and the integrity of in situ experiments that use transuranic mixed 

waste. A roof fall is the extreme case of instability. Although roof falls are not 

expected to occur in maintained excavations at the WIPP, roof falls have been 

allowed to occur in unused, barricaded rooms so that the pre-collapse behavior 

of the rooms could be studied. 

Professionals with experience in salt understand that predicting the performance 

of unsupported excavations in salt can be challenging. General patterns and 

trends are easily discerned, but there are always variations that are difficult to 

anticipate. However, it is possible to predict the performance of an excavation 

based on a combination of rock mechanics theory, the past performance of 

similar excavations, and monitoring via instrumentation and fracture mapping. 

The level of understanding of deformation mechanisms and of ground support 

techniques at the WIPP has advanced to the point where roof falls should not 

occur unless the fall is desired for rock mechanics study. 
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This document presents a discussion of some deformation mechanisms that can 

be expected around excavations in bedded salt at the WIPP. The 

geomechanical instrument data and fracture maps from the Site and Preliminary 

Design Validation (SPDV) room area have been analyzed to determine the 

deformation history of the rooms and to identify precursors to the SPDV Room 1 

roof fall. The deformation history of the excavations as recorded by the 

instruments was then correlated with these proposed deformation mechanisms, 

providing a basis for prediction of roof falls in other locations. Finally, the means 

used at the WIPP to identify and monitor unstable ground are discussed. 

Throughout this document, "Room 1" and "Room 2" refer to SPDV Rooms 1 

and 2 unless otherwise stated. 
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II. DEFORMATION MECHANISMS 

A. Introduction 

The underground facility at the WIPP is located 2, 150 feet below the surface in 

bedded salt of the Permian Salado Formation of southeast New Mexico. The 

generalized stratigraphy including the facility level is given in Figure 2-1. Over 

1 ,000 feet of impermeable evaporite deposits separate the facility horizon from 

overlying sedimentary formations, and 2,000 feet of evaporites lie below the 

facility horizon and provide a barrier against underlying Permian limestones and 

sandstones. 

The facility horizon lies within a 40 foot evaporite sequence consisting of halite, 

argillaceous halite, and polyhalite (Figure 2-2). Observations indicate that these 

beds are laterally continuous. A persistent 20 to 32 inch thick bed of anhydrite 

and polyhalite, identified as Marker Bed 139 (M8139), lies about five feet below 

the repository floor. Lateral variability in composition and thickness within this 

anhydrite bed exists at both the site and on the regional scale. Undulations up 

to six inches in the surface of M8139 have been observed in cores taken from 

the facility horizon. 

The bottom of M8139 is subhorizontal and underlain by clay E. Anhydrite "a," 

about eight inches thick, is about 13 feet above the repository roof and is 

underlain by clay H. Anhydrite "b," two and half inches thick, is about 6.5 feet 

above the roof and is underlain by clay G. Clays G, Hand E are all less than 

one inch thick. A diffused clay, clay F, is exposed in the ribs just below the roof. 

After excavation of an opening, stresses in the surrounding rock are relieved and 

redistributed. The stress redistribution depends on the material properties of the 
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rock mass and properties of discontinuities such as clay seams as well as the 

size, geometry, and stratigraphic location of both the individual excavation and 

any nearby excavations. 

In rock salt, the excavation responds initially by elastic deformation due to stress 

redistribution, and subsequently by inelastic, time-dependent deformation due to 

deviatoric stresses. As a result of this time-dependent behavior, which is called 

creep, the surrounding rock mass tends to slowly move toward and into the 

opening. 

As mentioned before, three major clay seams, E, G and H, are located near the 

repository horizon (Figure 2-2). In situ observations show that the clay seams 

have a high moisture content. These clay seams are usually less than an inch 

thick. Their mechanical properties are drastically different from the surrounding 

salt. Clay seams can be assumed to have negligible tensile strength and very 

low shear strength compared to the surrounding rock salt. Therefore, these clay 

seams constitute planes of weakness along which shearing and separation can 

easily take place. They also strongly influence the magnitude and orientation of 

the stress distribution around the openings. 

Compared to the surrounding rock salt, MB139 is a stiff and brittle layer. As the 

salt mass moves towards the excavation, stress concentrations develop in 

MB139. When these stresses reach a critical level, fractures develop in the 

Marker Bed, propagate through the floor salt layer, and eventually may extend to 

the floor of the room resulting in floor heave. 
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B. Description of Deformation Mechanisms 

The state of stress and the associated strain and displacement fields around an 

opening are quite complicated and can only be analyzed through comprehensive 

and detailed computer modeling using techniques such as finite element and 

finite difference methods. However, to obtain a basic understanding of the 

mechanisms causing deformation and possibly collapse of a typical WI PP room, 

it is useful to postulate some simple mechanisms and compare them to 

underground observations and measurements. The mechanisms proposed here 

should be c:onsidered as a representation of the current understanding of the 

deformation processes at the WIPP and as tools to be used in the analysis of 

excavation stability. They are certainly simplifications of the very complex forces 

acting on the complex geologic materials. However, they are sufficient for the 

purposes of this document. 

It is emphasized that these deformation mechanisms may become active at 

different times after the excavation, and their effects may or may not be 

superimposed. Furthermore, some of the aspects of one mechanism may be 

part of the cause for one or more others. Therefore, the proposed mechanisms 

and the resulting deformations should not be viewed as totally independent. 

They are presented here separately for the sole purpose of enhancing the 

understanding of the excavation performance. In this document, the word 

"failure" is defined as reduction of ability to maintain stress. 

1. Roof Beam Compressjon 

As the rooms are excavated, the in situ stresses normal to the perimeter of the 

excavation are relieved, and far-field stresses tend to push the salt mass toward 

the opening. Initially, the surrounding rock mass reacts as an elastic 
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homogeneous medium. Therefore, the horizontal stresses at the midroof would 

be much less than the initial far-field stresses (see Hoek and Brown, 1980). 

Because the clay seams do not provide much, if any, shear resistance, the salt 

between clay G in the roof and clay E below the floor moves horizontally towards 

the excavation faster than the adjacent layers. This movement concentrates the 

stresses on those portions of the layer remaining after the excavation, i.e., the 

portion between the roof and clay G, called the roof beam, and the portion 

between the floor and clay E, called the floor beam (Figure 2-3). 

If it is assumed that the clay seams are frictionless, the sum of the far field 

horizontal stresses acting on the layer between clays G and H should ideally be 

resisted and therefore in equilibrium with the sum of the horizontal forces acting 

on the roof beam and floor beams (Figure 2-4). The concentration of 

compressive stresses in the roof and floor beams may reach values high enough 

to cause (or at least initiate) compressive failure. The failure mode in the roof 

beam due to compressive stresses would resemble the failure of a rock 

specimen in a laboratory uniaxial (unconfined) compression test. The mode of 

failure in an unconfined compression test is typically a shear failure on a 

diagonal plane (Figure 2-5). 

2. Pifferentjal Creep 

In the vertical direction there are no planes of weakness to facilitate the 

movement of salt toward the excavation. In the midroof, the salt mass can move 

freely into the excavation. However near the rib line the extrusion of the roof salt 

into the excavation is resisted by the presence of the pillars (Figure 2-6). This 

phenomenon may induce large shear strains in the roof close to the ribs, and 

these strains in turn cause damage to the rock salt and generate a zone of 

weakness. The precise orientation and magnitude of these shear stresses are 
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very difficult to evaluate and they probably vary over time. The frequently 

observed sharply curved deflection of the roof near the upper corners may be 

caused by this mechanism. The differential creep mechanism is probably most 

active immediately after excavation of the room because the high unrelieved 

stresses cause very high creep rates then. In addition, this phenomenon may 

induce sufficient deflection to cause eccentric loading in the roof beam, a factor 

examined more closely in section 4. 

3. Effect of Grayjty 

Gravity can have a substantial and continuous effect on the performance of 

openings. After the rooms are excavated, the roof beam is subjected to a gravity 

load perpendicular to its main axis. This is often the main cause of roof collapse 

for openings in a layered rock mass (Figure 2-7). If axial forces were absent, 

tensile cracks could develop in the midspan at the bottom of the beam and along 

the ribs at the top of the roof beam, due to bending of the roof beam. Roof 

fractures of this type are not seen in WIPP rooms. 

Shear stresses due to 1.) compression of the beam, 2.) the differential creep of 

the roof toward the opening, and 3.) the weight of the beam probably act 

together on some planes. This interaction increases the potential for diagonal 

cracking with the mode of failure starting from the corners of the beam and 

extending diagonally upward towards the midspan of the beam. The roof beam 

weight is in effect immediately upon the excavation of the opening. However, 

the effects of stresses due to roof beam compression and differential creep of 

the roof develop with time. Therefore, the maximum shear stresses, caused by 

interaction and summation of the effects of the three mechanisms, will likely take 

some time to develop, possibly several years. 
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The effect of gravity after the development of the failure zones in the roof beam 

is different. At that time, gravity will cause the detached roof material to act as a 

dead weight. The resulting behavior will then be plate-like (i.e., three

dimensional) with support supplied by the remaining intact material on surfaces 

normal to the long axis of the room. 

4. Eccentrjcjty of the roof beam 

Eccentricity could develop in the roof beam due to uneven creep of the roof and 

bending of the roof beam under its weight. This eccentricity taken in 

combination with the axial force in the roof beam could generate significant, 

perhaps localized, additional bending in the roof beam (Figure 2-8). The effect 

of this mechanism can only start after substantial initial bending and sagging 

develop. 

5. Corner stress 

The effect of sharp comers on stress distribution has been extensively studied. 

Perfectly sharp angular comers theoretically generate infinite stresses. 

However, the corners of rooms are usually slightly rounded. The radius of the 

curvature in the comers of most WIPP excavations is specified to be 18 inches. 

Obert and Duvall (1967) show that the concentration of stresses in a corner is a 

function of the ratio of the radius of curvature of the corner to the height or width 

of the opening as well as of the principal stress ratio. The stress concentration 

resulting from this curvature in combination with the differential creep 

mechanism may be responsible for the initiation of diagonal fractures from the 

comers of the roof beam rather than the development of a continuous plastic 

type of deformation. 
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C. Other Factors 

1 . Strength and fracture of salt 

Many researchers have studied the viscoelastic and viscoplastic properties of 

salt (see Munson et al., 1989). The strength and failure criteria of rock salt, 

however, have not received much attention, although progress has been made 

recently on the development of a failure model for salt (Chan et al., 1992). 

The strength of a rock mass is a function not only of the magnitude of the load, 

but also the rate at which the load is applied. The latter factor may be more 

dominant or influential in some rocks than others. Experience shows that the 

strength of rock salt is particularly dependent on time and loading rate. 

A salt mass has a regular crystalline structure. This crystalline structure strongly 

influences the response of the salt mass to any external force. In addition, given 

sufficient time and proper stress conditions, salt crystals have the ability (as part 

of the creep deformation process) to reshape and restructure themselves, similar 

to the behavior of ice in glaciers. This property of salt contrasts noticeably with 

other rock types traditionally dealt with in rock mechanics. 

Most rock types are composed of some type of brittle granular materials that 

have been cemented together in a geological process. Disturbances or 

weakness zones generated in brittle materials are usually permanent and 

irreversibie. However, a salt mass can recrystallize and therefore heal itself 

under a confining load. If a crack develops in a salt mass due to a sudden 

change in the stress field, there is a potential for the surrounding crystals to 

deform, fill the gap and regain crystalline continuity. Therefore, criteria that have 
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been established in the mechanics of hard rock for the initiation and propagation 

of cracks may not be valid in salt. 

The mode of general failure in salt is different from hard rock. At low confining 

stresses a sample of hard rock fails on a plane in the form of a shear band. This 

usually results in a distinct failure mode at a relatively distinct stress magnitude. 

Under high confining stresses the same sample disintegrates and crushes 

homogeneously. In contrast, even at quite low confining stress a relatively 

slowly loaded cylindrical sample of salt deforms continuously into a barrel shape 

that still has a substantial load-bearing capacity. At high loading rates, salt fails 

much like hard rock. In salt, therefore, the definition and determination of the 

failure stress and mode is more complex than in hard rock. Finally, the type and 

amount of impurities in the salt mass (mostly dispersed clay) will also influence 

the mechanical behavior of salt. 

2. lntersectjons 

At the WIPP, roof conditions of intersections are better than that of locations 

remote from intersections. In the middle of the rooms, conditions are very close 

to the plane strain case. The pillars move toward the opening, perpendicular to 

the ribs and therefore exert pressure directly on the roof beam (Figure 2-9), 

whereas in the intersections, the salt mass is less confined and has more 

freedom when creeping toward the openings, leading to less local concentration 

of stresses in the corners, resulting in less creep and failure in the roof beam. 

Furthermore, vertical deflection of the roof toward the excavation in the 

intersections is much smoother than at the mid-room positions. As explained 

earlier, in the mid-length position in the room, the ribs strongly resist the vertical 
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creep of the roof toward the excavation resulting in formation of a local zone of 

high stress and consequent differential deformation. However, at the 

intersections, the roof deflection is only resisted by the four pillar corners. Due 

to the lack of confinement, the corners of the pillars fracture soon after 

excavation, as observed underground. The corners of the pillars in the 

intersections do not effectively resist the creep of the roof toward the excavation, 

therefore the resistance is transferred more gradually toward the pillar interior. 

Thus, the creep of the roof toward the excavation in the intersections does not 

develop intense shear zones likely to cause roof fracturing. 

3. Excavation Seguence and Panel Effects 

The sequence of excavation of different rooms within a panel and the final 

location of the different excavations with respect to each other influence the 

timing and magnitude of stress distribution around the rooms. This could cause 

fracturing a.nd possibly collapse of an otherwise stable roof. 

After the initial excavation, the stress around the opening is redistributed and 

quickly adjusts itself to the opening. Due to the viscoplastic properties of salt, 

the state of stress in the surrounding rock mass changes continuously as the salt 

mass creeps, thereby modifying the concentration of stresses caused by the 

excavation. As a result, the next opening is not excavated in a virgin stress field. 

Instead, it is excavated in the induced stress zone created by the previous 

excavation. In turn, the new excavation will affect the distribution of stresses 

around the1 previous excavation. 

The final state of stress distribution around each opening depends on its 

position with respect to other openings. In general, immediately after 
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excavation, stress arches form around each opening, thus transferring the load 

previously passing through each room to adjacent pillars (Figure 2-1 Oa). As a 

result, stress concentrates in the pillars. In a panel area, the initial magnitude of 

the stress concentration in the panel pillars would be larger than the stresses in 

the abutments, because these abutments can be considered infinitely large. 

Therefore the panel pillars should yield faster than the abutments, causing the 

formation of a larger global arch spanning all the excavations. The global arch 

partially transfers the load of the extended panel roof to the abutments (Figure 2-

1 Ob). This mechanism may have been responsible for the additional 

concentration of the roof damage in SPDV Room 1 (Figure 2-11 ). 
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Ill. EXPERIENCE FROM THE SPDV ROOM 1 ROOF FALL 

This section describes the large roof fall that occurred in SPDV Room 1, and 

provides a discussion of the geomechanical instrument data and visual 

observations from the room. This is the only large (i.e., room-scale) fall which 

has occurred at the WIPP. The instrument data are used to describe the 

deformation history of SPDV Room 1. The deformation history is then correlated 

to the generic deformation mechanisms discussed in Section II. Although it 

appears that the roof fall itself was an anomaly in that the roof fell long before 

any other room, the general fracture and deformation patterns seen in SPDV 

Room 1 before the fall are believed to be similar to other location in the WIPP. 

The SPDV Rooms were excavated in 1983 to the same dimensions as the waste 

storage rooms. The performance of the SPDV Rooms was used to validate the 

design of the storage rooms. Design criteria for storage rooms were based 

primarily on total closure and waste retrievability. The rooms were originally 

required to remain stable and not exceed certain deformation limits for the five 

year Test Phase plus time to retrieve the waste. While closure rates in the 

SPDV Rooms were found to be larger than anticipated, the design was 

considered validated with modifications to the geometry of the waste stack. Roof 

fracturing was not considered a problem if rockbolts were installed. 

A. Description of the Roof Fall 

A 700 ton roof fall occurred in SPDV Room 1 on February 4, 1991. The section 

that fell was approximately 33 feet wide by seven feet high by 180 feet long, had 

a triangular cross-section, and was located primarily in the north end of the room 

(Figure :3-1 ). The time and shape of the roof fall was accurately predicted using 

the methods discussed in this document. Furthermore, the potential for a roof 
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fall in SPDV Room 1 was identified and the room was cleared and barricaded 

two years before the roof fell. This room had been instrumented shortly after its 

excavation in March of 1983 and was closely monitored until the roof fall. 

Table 3-1 summarizes the instruments that have been installed in Rooms 1 

and 2. 

The conditions of the roof, floor, and walls of the SPDV rooms were surveyed 

quarterly since their excavation until they were closed. Initially, the only 

fracturing of note around the excavation was shallow (less than six inches deep) 

spalls which were typically removed by hand. Spalls that were too large for 

removal were rockbolted, usually with two foot long bolts. After about two years, 

consistent low angle fractures that originated in the roof near the ribs were noted 

in the north and center sections of Room 1. In 1986, three years after 

excavation, the Excavation Effects Program (EEP) boreholes were drilled in the 

south end and the center of Room 1. The EEP data indicated that the low angle 

fractures near the ribs extended some distance up and towards the centerline of 

the room (Figure 3-2). However, the EEP boreholes could not determine if the 

fractures extended all the way to clay G. 

By 1988, the fracturing had become much worse, and there were other signs of 

large roof movements such as bent bulkheads and posts. Up to this time, 

borehole extensometer data were also indicating that the rates of displacement 

in the roof were increasing. Unfortunately, all the borehole extensometers in the 

roof of SPDV Room 1 had failed by this time, probably due to excessive lateral 

deformation which was observed in adjacent observation boreholes. A work 

package was prepared to replace the extensometer~. In the meantime, manual 

vertical convergence gauges were installed at the quarter span points near the 
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center of the room as a partial substitute. The convergence gauges showed that 

the roof was deforming asymmetrically--the east side of the room was closing 

about twice as fast as the west side. While drilling the boreholes for the 

replacement extensometers, it became obvious that diagonal fractures on either 

side of the room were connected to each other and to the separation that was 

developing at clay G. Dust from drilling was emerging from boreholes as far as 

thirty feet away. It was at this time (May1989), that the room was 

decommissioned and evacuated. Before the room was permanently barricaded, 

four remotely read roof-to-floor wire convergence meters were installed in the 

north end. These instruments functioned until the roof fell. 

B. Instrument analysis 

All the available instrument and geologic data for the area in and around SPDV 

Rooms 1 and 2 were reviewed. Preliminary analyses narrowed the scope of the 

analyses to instruments inside Rooms 1 and 2 (see item 1 below). Most 

instruments failed well before the rock fall; so the deformation history is 

incomplete (see Table 3-1 ). Except for the wire convergence meters that were 

installed shortly before the fall, all instruments were located in the center of the 

rooms. Plots of relevant instrument data are shown in Appendix A. 

Examination of the instrument data led to the following observations: 

1. Instruments outside SPDV Test Room 1, including those at the intersections 

at the ends of the room, do not show any change in trend due to the roof fall 

itself. It is possible that a more gradual change started some time before the 

actual fall, but it has not been detected. 
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2. The clay seam bay of the roof extensometers had greater strain than the 

collar bay for the center instruments in Rooms 1 and 2 and for the 

extensometers adjacent to the shared pillar (Figures 3-3 and 3-4). The clay 

seam bay strain was lower than the collar bay strain in the extensometers 

furthest away from the common pillar. (The east extensometer in Room 1 

and the west extensometer in Room 2.) 

3. Roof to floor convergence for both rooms was highest on the side away from 

the shared pillar (Figures 3-5 and 3-6). 

4. By 2 and 3 above, the side of the room with the greatest clay seam 

separation had the lowest vertical convergence. 

5. Roof extensometers in SPDV Room 1 show an abrupt increase in clay seam 

separation rate beginning approximately in January 1986 (Figure 3-3). Only 

the east roof extensometer in SPDV Room 2 shows a definite rate increase at 

that time (Figure 3-4). This is the instrument closest to Room 1. The rate for 

the center extensometer in Room 2 begins increasing sometime after 

January 1986, perhaps as much as a year later. The rate for the west 

extensometer does not have an obvious increase. There appears to be a 

slight increase in roof-to-floor convergence rate in both rooms about January 

1986 (Figure 3-7). This phenomenon does not appear to affect the rib 

displacements in either room. 

6. The Room 1 center roof extensometer and the vertical convergence meters in 

both rooms show a further and different rate increase beginning 

approximately January 1988. The other roof extensometers were no longer 
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functioning at this time, so the area extent of this phenomenon cannot be 

determined. The increase is greater for roof-to-floor closure than for the 

extensometer. 

7. The extensometers in both rooms which had the clay bay strain greater than 

the collar bay strain (west and center in Room 1 , east and center in Room 2) 

showed that condition since installation, which indicates that it may have 

persisted since excavation. 

8. Displacement rates in Room 1 were always higher than in Room 2. 

9. The roof to floor closure rate in Rooms 1 and 2 began steadily increasing at 

least three years before the roof fall (Figure 3-7). 

C. Deformation History 

The January 1986 and January 1988 events described above are most 

significant. The increase in clay seam separation and closure rate in January 

1986 may be a manifestation of the fractures or a fracture zone on one side of 

the beam reaching clay G, setting up a cantilever, and partially relieving 

horizontal compression of the beam (Figure 3-8). Because it is extremely 

unlikely that the mechanical properties and the loading of the roof beams are 

perfectly symmetrical, one side of the roof can be expected to fracture before the 

other. The weight of the cantilever would cause the free end of the cantilever to 

move downward faster than the fixed end. The fractured side of the beam would 

have the highest bay strains between the back and clay G. The center and the 

side without the fractures would have the highest bay strains across clay G. The 

cantilever would cause rate increases in all the clay-spanning bays, but the 
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greatest increases would be near the center of the room (i.e., at the top of the 

tree end of the beam). 

The fractures on one side would separate the roof beam into two parts that 

behave independently. The cantilevered side of the roof beam would move 

almost as a whole towards the fracture. One manifestation of this movement 

pattern would be the development of horizontal offset at the center of the roof 

beam, with the rock below clay G moving towards the fracture relative to the rock 

above clay G. This pattern is often noted in EEP array boreholes (see Figure 3-

2). Table 3-2 summarizes the distribution of horizontal offsets at clay Gin the 

EEP data set. Note that most locations show the asymmetric distribution. The 

locations with low total offset magnitude on the side holes are likely to not be 

asymmetric. This indicates that the asymmetric offset distribution usually 

requires some time to initiate. The effects of the cantilever explain items 2 

through 5 above. 

The displacement rate increases in January 1988 may be a manifestation of 

fractures extending from the back finally reaching clay G on both sides of the 

roof beam, setting up a wedge supported primarily by the north and south ends 

(Figure 3-9). The additional loading due to the dead-weight of the wedge would 

cause the increase in convergence rate. The separation of the slab from the 

rest of the roof beam would probably reduce the rate of clay seam separation at 

the sides and increase the rate at the center, because the top of the slab would 

be within the clay seam bay of the center roof extensometer, and below the clay 

bay on the sides. The side (quarter-span) roof extensometers were not 

functioning in January 1988, but the center extensometer shows an increased 

rate. The effects of the wedge-shaped slab explain item 6 above. 
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At this point the slab is supported primarily on the north and south ends, i.e., 

with surfaces normal to the roadway. The slab probably continued to grow in the 

north/south direction, increasing its weight, while at the same time it was 

becoming more fractured, reducing its overall strength. Both these factors 

probably combined and continued to the point when the decreasing strength of 

the beam was insufficient to support the increasing dead-weight load, causing a 

relatively sudden roof fall. 

The events (in January 1986 and January 1988) which caused the changes in 

trends in the instrument data for Room 1 are explained by the above sequence. 

The question remains, why do the January 1986 and January 1988 events 

appear in the instrument data for Room 2 if they are caused by specific physical 

changes in Room 1? There are two possibilities. One is that similar fracture 

patterns developed in Room 2 at almost exactly the same time as Room 1. The 

other is that the fracturing in Room 1 altered the state of stress around Room 2 

such that it had to respond to these changes. Item 7 above suggests that the 

roof beams in both rooms were pre-disposed from the time of excavation to 

develop the fracture patterns described above, but the instrument data cannot 

explain either why one room or one side fractures first. What they do show is 

that one side of the roof beam in both rooms was mechanically weaker from the 

very beginning. 

D. Correlation of Deformation History to Deformation Mechanisms 

The deformation and fracturing of the roof beam determined from the instrument 

response can be explained as the result of several of the generic deformation 

mechanisms discussed earlier. The deformation mechanisms acting on the roof 

of the SPDV Test Rooms must explain the following observations: 
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The mechanism(s) must: 

1 . Weaken the roof beam near one or both ribs, induce tensile stress near the 

ribs, or both. 

2. Cause fractures or a fractured zone to develop on an angle from the roof/rib 

junction to near the centerline at clay G. 

3. Cause both sides of the roof beam to move horizontally towards the center. 

4. Cause the center of the roof beam to be displaced asymmetrically. 

5. Explain why Room 1 failed first and any linkage between Rooms 1 and 2. 

6. Be applicable to some extent to nearly all excavations at the same 

stratigraphic location. 

Explanatjon for Observatjon 1 : 

The differential creep and corner stress mechanisms both cause tensile stress to 

develop in the roof near the ribs, which in turn weakens the roof near the ribs. In 

fact, both mechanisms are very likely closely linked, because the high stress 

caused by the effect of corners will cause high creep rates near the ribs. 

Explanatjon for Observatjon 2: 

The differential creep, roof beam compression, and corner stress mechanisms 

combine to cause diagonal fractures. The roof beam compression mechanism 

puts the roof beam into compression. The most likely compressive failure is one 

(or two) diagonal fracture(s). By Observation 1, the sides of the roof beam are 

weakened. Therefore, diagonal fractures would tend to develop in the beam 

near the ribs. 
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Explanatjon for Observatjon 3: 

The roof beam compression mechanism accounts for the lateral movement of 

the ends 01: the roof beam towards the center of the beam. 

Explanation for Observation 4: 

The asymmetric horizontal offset distribution is a result of the formation of a 

predominant diagonal fracture on one side of the roof beam. This causes the 

center of the roof beam to become offset horizontally towards the predominant 

fracture. The fracturing and horizontal displacements were explained in 

Observations 2 and 3. 

Explanation for Observatjon 5: 

The instrument data indicate that Room 1 was deforming faster than Room 2 

from the beginning. It can then be assumed that the roof of Room 1 was 

weakened more and faster than that of Room 2 from the very beginning. This 

may be an effect of the stress distribution around the entire four-room panel, the 

position ot Room 1 in the excavation sequence, the geology of the roof, or a 

combination of all these. Minor differences in the strength of the roof beam 

could also have a significant effect. 

The structural link, as evidenced in the coincident changes in deformation rates 

in both rooms, can be explained by several mechanisms. Substantial changes in 

the strength and loading of the roof beam in Room 1 would redistribute stress 

around Room 1 , including in the pillar between Rooms 1 and 2. If the new stress 

distribution affecting Room 2 reduced the horizontal stress in the Room 2 roof 

beam, it could reduce confinement of partially supported slabs that would amplify 

the effect of gravity on the loose slabs, causing faster movement. Alternatively, 
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if the new stress distribution affecting Room 2 increased the horizontal stress in 

the Room 2 roof beam, it could increase horizontal displacement of the ends of 

the Room 2 roof beam, increasing fracturing and deformation rates. In either 

case, it is reasonable to conclude that the increase in displacement rates should 

be positive (i.e., accelerating), because the increased stress/increased 

fracturing/increased displacement cycle would lead to more rapid roof 

deterioration. 

The best explanation is that the developing failure of the Room 1 roof beam 

caused a stress redistribution the effect of which was to reduce the horizontal 

compressive forces on the Room 2 roof beam. This means that the primary 

mode of failure in the Room 2 roof became increasing separation along existing 

fractures, rather than the formation of new fractures. This would explain why the 

progressive failure of the roof in Room 2 has taken so much longer than Room 1. 

However, because Room 1 had a roof collapse so early relative to all other 

similar-sized rooms at the WIPP, it may be quite possible that Room 1 is 

geomechanically atypical. 

Explanatjon for Observatjon 6: 

The differential creep, roof beam compression, and corner stress mechanisms 

are independent of drift size and are based on shape and stratigraphic location. 

That is to say, the general pattern of displacements and stress concentrations 

caused by these mechanisms are not dependent on drift size. Although the 

magnitude of displacements would be greater around a larger drift, the deformed 

shape of a large drift is essentially the same as that of smaller drifts. The same 

is true for stress. Stress magnitudes are probably a complex function of 

position and material properties. 
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E. Summary 

The roofs of SPDV Rooms 1 and 2 have undergone similar deformation 

histories. While instrument coverage of most other locations is not as thorough 

as of these rooms, there is strong evidence that the same deformation patterns 

are developing throughout the underground. The time from excavation to a roof 

fall (the stand up time) is dependent on several factors including (but not limited 

to) the strength of the roof beam and the load history of the roof beam. The 

strength is dependent on mechanical factors such as the total strain distribution 

in the roof beam and on various geological factors such as clay content and 

distribution and salt crystal size. The load history of the roof beam is also very 

site specific, depending on drift and pillar dimensions, the proximity to other 

excavations, and excavation sequence of the drift under study and the 

surrounding drifts. As a result of all of these factors, a wide range of stand-up 

times can be expected even for drifts of the same size and age. Therefore, the 

only reliable method to predict the remaining stand-up time for an excavation at 

present is to closely monitor that excavation. 

1 . Assessment of SPDV Room 1 Behavior 

All rooms at the facility level with the roof below clay G and the floor above clay 

E should perform similarly, the main difference being the time required to form 

fracture zones. The roof of excavations of that configuration deforms primarily 

by horizontal compression. Vertical creep in the roof and stress concentrations 

near the corners of the excavations weaken the ends of the roof beam, and 

fractures form preferentially in these zones of weakness. How fast the fractures 

form depends on the intensity of the stresses around the excavation and the 

strength of the roof beam. Stress intensity depends primarily on the geometry 

and size of the excavation and on the proximity of nearby excavations. Roof 
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beam strength depends primarily on the material properties of the rock, the 

dimensions of the roof beam, the strain in the roof beam, and the shape of the 

deformed roof beam. Sagging or buckled roof beams would be much weaker 

than flatter beams due to the introduction of additional bending moments. 

From the beginning, displacement rates in the roof of SPDV Room 1 were higher 

than in the other SPDV Rooms (see Figure 3-7). This means that either the 

stress concentration in the roof of SPDV Room 1 was unusually high or the 

strength of the roof beam was unusually low, compared to the other SPDV 

Rooms. This led to faster fracture development in the roof of Room 1. Bands of 

weakness formed on both sides of the roof near the ribs due to differential 

vertical displacement (creep) rates along the roof and to the concentration of 

stresses in the corners. The roof was in horizontal compression from the 

beginning, and the zones of weakness at the ends of the roof beam continued to 

grow as strain accumulated. 

In early 1986, the clay G bay strain (separation) rates of the roof extensometers 

in Room 1 increased over a three or four month period (see Figure 3-3), 

indicating a significant change in loading or strength of the roof beam at that 

time. It is postulated that the increase resulted from the formation of a fairly 

consistent fracture or band of fractures on the east side of the roof beam. This 

effectively turned the roof beam into a cantilever relatively fixed on the west side 

and relatively free on the fractured east side. Exactly why the east side 

fractured first is not apparent. It does not appear to be related to the excavation 

sequence of the room or the panel of rooms. 

24 



Other evidence for the formation of a cantilevered beam is found in the 

distribution of the clay seam bay strains, the roof-to-floor convergence rates, and 

the borehole fracture data. The clay seam bay strains (Figure 3-3) are higher at 

the center and the west side, which is consistent with the cantilevered section 

bending down into the excavation. The convergence rates (Figure 3-5) are 

higher on the east side which is consistent with the free end of the cantilever 

moving down faster than the middle or the fixed end. Finally, the borehole 

horizontal offset data show the center of the roof beam moving in the same 

direction as the fixed end of the cantilever, but in the opposite direction of the 

free end (Figure 3-2). This is consistent with the cantilevered part of the roof 

beam moving as one piece to the east and the stub on the east side of the roof 

beam moving slightly to the west. 

This situation continued with fairly steady clay seam bay strain rates and only 

slightly increasing closure rates until early 1988, when the bay strain rates and 

closure rates again increased. It is postulated that this increase was caused by 

the development of another set of fractures on the west side of the roof beam. In 

other words, the cantilever broke at the formerly fixed end. This may be due to a 

combination of tensile stresses and the pre-existing band of weakness (Figure 3-

10). The tensile stresses could be induced in the fixed end in several ways such 

as by deflection of the cantilever due to gravity or by the free end of the 

cantilever being forced downward on the old shear fracture on the east side by 

horizontal movement. It is likely that both sides of the roof beam formed bands 

of weakness well before the first major fracturing occurred. The tension induced 

in the roof beam by the deflecting cantilever probably combined with fractures 

and weaknesses formed previously. The fractures thus formed on both sides of 
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the roof beam produced a wedge shaped slab primarily supported at the north 

and south ends. 

Beginning with the formation of the wedge, and ending with the roof fall, 

convergence rates accelerated. It is likely that the wedge first formed in a small 

area or in several small unconnected areas. As the roof continued to deform, 

the length of the wedge (along the length of the room) grew, and the 

independent wedges connected. As the total length of the wedge grew, so did 

its weight, which put an increasing burden on what little support remained. Both 

the strain undergone by the supporting rock as well as its reduced confinement 

undoubtedly lowered the roof strength. This led to ever-increasing convergence 

rates (Figure 3-7). After the wedge formed, the deformation and continued 

fracturing of the wedge was due almost entirely to dead-weight gravity loading. 

It was then essentially acting independently from the stress field around the 

excavation as a whole. This is consistent with the lack of any measurable 

changes in creep rates at locations outside SPDV Room 1. For example, the 

extensometer and convergence points in the intersection of Room 1 and N 1420 

show no signs of the roof fall that occurred about forty feet away (Figure 3-11 ). 

This is solid evidence that gravity forces on the semi-detached wedge drove the 

final failure, and that properly installed ground support would prevent or 

significantly delay a similar roof fall. 

2. SPOV Rooms 3 and 4 

It is believed that the same deformation mechanisms which act on SPDV Rooms 

1 and 2 are acting on SPDV Rooms 3 and 4. SPDV Rooms 3 and 4 both exhibit 

similar deformation patterns as SPDV Rooms 1 and 2. Differences in 
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performance between the four SPDV Rooms can be attributed to local 

stratigraphic changes, relative location in the panel, and excavation sequence. 

SPDV Room 3 was barricaded in June of 1990. Because there was no remotely 

read instrumentation in SPDV Room 3 at that time, the behavior of the room over 

the last three years is unknown. However, fracturing in the north end of SPDV 

Room 3 was well developed. Ground probing radar images of the roof taken 

shortly before the room was barricaded showed a well developed wedge-shaped 

slab similar to SPDV Room 1 . Although data from SPDV Room 3 is limited, 

conditions in the north end of the room may have been worse than in SPDV 

Room 2. The north end of SPDV Room 3 was rockbolted with ten foot bolts 

before it was closed. It is possible that the bolts have extended the life of the 

room by supporting the slab. 

SPDV Room 4 is the only SPDV Room that is currently accessible. Although the 

deformation patterns are the same, fracturing is not well developed and 

convergence rates are relatively low in SPDV Room 4. SPDV Room 4 is also 

rockbolted with ten foot bolts. For these reasons it is believed that the useful life 

of SPDV Room 4 will be much longer than the other SPDV Rooms. With proper 

maintenance, the life of SPDV Room 4, or any WIPP excavation, could be 

extended indefinitely. 

3. The Effect of Rockbolts 

Stand up time of detaching roof slabs depends heavily on the ability to support 

or suspend their ever increasing weight. That ability can be enhanced 

significantly by properly installed roof support systems. Roofbolts can be 

expected to significantly reduce the extension and widening of fractures caused 
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by the weight of the slab. The event of January 1988 in Room 1 was interpreted 

to have been the joining of fractures from both ribs to clay G, forming a detached 

wedge. It is likely that much of the increased displacement that occurred after 

January 1988 was due to the dilation of existing fractures caused by the dead 

weight of the slab. Depending on the type and installation pattern, roofbolts may 

have been able to slow or stop this later deterioration of the roof beam. The 

added stand-up time due to bolts would be determined by the deformation limits 

of the bolts. While bolts may restrict (or prevent) some fracture development, 

there is no evidence that they can impede creep displacements. 
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IV. PLAN FOR PREDICTION OF FUTURE ROOF FALLS 

Previous sections discuss the deformation of excavations at WIPP in general 

and of SPDV Rooms 1 and 2 in particular, and how these deformations can lead 

to a roof fall. The best current method for estimating the remaining stand-up 

time of an excavation is monitoring instrumentation. This section discusses the 

types of instruments required and the methods to detect and monitor potentially 

unstable ground and to predict a roof fall. 

A. Instrumentation Requirements 

Instrument arrays in an excavation aid in prediction of the stand-up time by 

establishing the degree and rate of roof deterioration. The recommended 

optimal instrumentation package is: 

• Multiple point borehole extensometers (MPBX) installed at the center and 

quarter span points in the roof with anchors set immediately above and below 

clay seams. 

• Vertical convergence stations at the center and quarter span points. 

• Horizontal convergence station at the mid-height of the rib. 

• Load cells on selected roofbolts. 

• Observation boreholes located near the MPBX holes with shear strips or 

similar instrumentation to monitor fracture formation. 

All instruments should be remotely read to allow continued monitoring if access 

is restricted. This complete instrument package should be installed in areas that 

preliminary inspections have identified as potentially unstable (see next Section 

for procedure). It is assumed that appropriate ground support will be installed in 

addition to the instrumentation. A remote control vehicle capable of entering a 
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closed area and of carrying cameras, portable convergence meters, radar 

antennae, etc., would be most useful. 

The instrumentation in SPDV Room 2 falls far short of this ideal package. The 

instrumentation in Panel 1, Room 1, however, exceeds the optimal 

instrumentation package even though the excavation is currently stabl~. In fact, 

there are rock bolt load cells on all the one-inch diameter bolts (over 280 total), 

eight convergence stations, three roof extensometers, and three observation 

borehole arrays (fifteen boreholes) in Room 1. In addition to the 

instrumentation, the roof support system in Room 1, Panel 1, is unique in that it 

was designed to control a wedge-shaped roof slab identical to the slab that fell 

in SPDV Room 1. Should a large slab develop in Room 1, Panel 1, it would be 

detected long before it becomes detached, at which point it would be controlled 

by the roof support system. For this reason, the stability of the roof in Panel 1, 

Room 1, is not a concern, although it is intensely monitored. 

B. Procedure for Detecting and Monitoring Potential Roof Falls 

Because the main variables in the stand-up time of WIPP excavations, rock 

strength and loading, are extremely difficult to measure and are probably 

impossible to accurately determine analytically, the prediction of stand-up time 

for a given opening is a formidable task. Determining the roof beam strength at 

a specific location probably requires such detailed and extensive field 

information and laboratory testing that it would be difficult if not impossible to 

collect. The exact types, amount, and distribution of data and rock samples 

required are not known. Currently, installation and monitoring of the proper 

instrumentation is the best method available to assess remaining stand-up time. 
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The general procedure is as follows: 

1. Install a baseline array of vertical convergence gauges, at center and quarter 

spans. 

2. Establish baseline rates. 

3. Use baseline rates with field observations of fracturing to identify areas of 

concern requiring closer study. 

4. Increase the reading frequency of the baseline gauges and other 

observations for the areas of concern. 

5. If further analyses indicate decreasing stability, install the optimal 

instrumentation package suggested above at the most appropriate location. 

6. Use data trends to estimate and refine the remaining stand-up time. 

Regular inspections of ground conditions by operations and engineering 

personnel supplement the instrument data. Appropriate ground support will, of 

course, be installed in any areas suspected of instability. The deformation rates 

in SPDV Room 1 began increasing more than two years before the ground 

conditions became bad enough to warrant abandoning the room and almost four 

years before it fell. This long lead time (which is typical of salt) is more than 

enough to allow detection and assessment of roof instabilities under the 

procedure outlined above. There would also be sufficient time to install 

rockbolts or other support and to assess its effectiveness. Because roofbolts 

may delay the final stages of failure, the time period between detection of 

instability and a roof fall could be extended by bolting. 

C. Prediction for SPDV Room 2 

SPDV Room 2 is the only monitored excavation at WIPP that is displaying signs 

of instabrnty. New data from Room 2 are currently limited to vertical 
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convergence gauges. Visual observations are extremely limited because the 

room is barricaded with fly ash blocks. Because no additional data can be 

obtained from Room 2, prediction of the remaining stand-up time must be based 

on the vertical convergence rate alone. Prediction using only these data is much 

more difficult than that using the data provided by the optimal instrumentation 

package. 

Vertical convergence rates in SPDV Room 2 are accelerating slowly, with 

current maxima of over six inches per year. The convergence rates are not 

accelerating fast enough to achieve reasonable mathematical regression 

analysis results (Figure 3-7). Therefore, curve fitting at this time is limited to 

fitting by hand and obtaining a rough range of dates for the expected roof fall. At 

this time, it appears that a large roof fall (i.e., similar to that of SPDV Room 1) 

will occur between October 1993 and July 1995, with the highest likelihood in 

April 1994. These dates were obtained as follows: 

1. The convergence rate data for SPDV Rooms 1 and 2 were plotted to the 

same scale (Figure 3-12). 

2. Curves were fitted by hand to the SPDV Room 1 data. 

3. Similar curves were fitted to the SPDV Room 2 data. 

4. The date at which the curve fitted to the Room 2 data becomes vertical is the 

estimated date of the roof fall in Room 2. 

5. High and low extremes are determined by fitting similar curves using the 

scatter in the rate data. 

The convergence meter in SPDV Room 2 with the hig.hest convergence rate was 

used for this analysis. This meter is located about 75 feet from the south end of 
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the room, near the west rib. By this method, the roof fall is unlikely to occur 

before October 1993, but it could also happen well after April 1995. As time 

passes and the convergence rate pattern becomes clearer, curve fitting, both by 

hand and by regression analysis, will become more precise, and the range of 

dates of the prediction will narrow. 

Another method consists of determining the dates when conditions in SPDV 

Room 1 were similar to the conditions in SPDV Room 2. Again using vertical 

convergence rate data from both rooms, the convergence rate in Room 1 was 

equal to the current convergence rate in Room 2, between four and five inches 

per year, between nine and 21 months before the roof fell, with twelve months 

most likely (Figure 3-7). This would place the Room 2 roof fall between January 

1994 and January 1995, with April 1994 most likely. This is fairly consistent with 

the curve fitting results. 

Using only fracture data from the Excavation Effects Program arrays at the 

center of both rooms, it appears that the state of fracturing in Room 2 in 1989 

was similar to the state of fracturing in Room 1 in 1987 (Figure 3-13). The 

fractures in Room 2 have not been mapped since the room was closed four 

years ago. This subjective method suggests that in 1989 Room 2 was at least 

two years behind Room 1 in terms of fracture intensity, leading to the conclusion 

that the Room 2 roof would fall no sooner than two years after Room 1, i.e., in 

early 1993. However, as stated previously, deformations and fracturing in Room 

2 have been slower than in Room 1 since the very beginning. Assuming that 

Room 2 will be at least eleven years old when the roof falls, and knowing that 

Room 1 was eight years old when it fell, it is not unreasonable to estimate that 

the roof in Room 2 is failing about 75% as fast as Room 1. This would add 
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about nine months to the fracturing-based prediction, indicating that the Room 2 

roof will fall in early November 1993. 

Changes take place slowly and as the time of the roof fall approaches, the 

prediction quality will improve and the range of dates will narrow. A major roof 

fall in SPDV Room 2 or in any other excavation in the facility level at WIPP will 

not occur abruptly. There will be months or years of warning from the 

geotechnical instrument data, which are watched carefully for signs of instability 

or other signs such as visual effects or bolt failures. Instrumentation and visual 

observations indicate that the access drifts to the SPDV panel are quite stable. 

As was shown earlier, the instrumentation immediately adjacent to SPDV Room 

1 showed no effects of the roof fall. This indicates that, unless indications of 

instability develop in the access drifts themselves, there is no danger of roof 

collapse in an access drift due to instability in an adjacent room. 

D. Prediction for Other Excavations 

There are other excavations that may have approaching roof falls but which at 

present are inaccessible, not instrumented, or not observable. These include 

SPDV Room 3, the E140 drift south of S2180, Room B, the three A rooms, and 

the alcoves off Panel 1. Just as SPDV Room 2, these areas are all prohibited 

zones and pose no danger to personnel or equipment. These areas may be 

backfilled or otherwise remediated before a roof fall occurs. 

E. Recommendations 

As a result of this study, the following recommendations are made concerning 

the stability of the underground excavations. 
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Safety. No safety precautions beyond those currently in effect need be taken at 

present regarding a potential roof fall in SPDV Room 2. The room will continue 

to be monitored and, if conditions change, appropriate recommendations for 

safety precautions will then be made. Other areas of the mine to which 

personnel have access are continually monitored. While the roofs in some 

locations are well fractured, no areas are presently suspected of being prone to 

a short-term roof fall. 

Predjctjon. Roof fall prediction is difficult and is highly dependent on the amount 

and the quality of information that can be obtained from the excavations. The 

general procedure should be implemented as a standard practice. SPDV 

Room 2 will most likely fall about April 1994. This collapse is most likely during 

the period October 1993 to April 1995. This prediction will be reviewed and 

revised regularly. 

Remote Entry vehicle. A remotely controlled vehicle capable of entering areas 

deemed unsafe for personnel would allow continued collection of fracture and 

other information after a room is closed but before a roof fall occurs. For SPDV 

Room 2, the prediction is partially based on fracture data collected four years 

ago. A vehicle that could carry video, borehole cameras, radar or other 

equipment and that could install geomechanical instruments in the room would 

vastly increase the ability to understand what is going on in inaccessible areas. 

This would in turn improve the ability to predict future behavior in all 

excavations. 

lmoroyed Numerjcal Modeling Capabilities. There are no numerical models 

available at this time capable of explicitly modeling fracture development around 
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excavations in salt, although research in this area is underway (Chan et al., 

1992). The addition of fracture or failure criteria to models used at WIPP would 

improve both the modeling results and their predictive capability. This is a large 

and difficult task but one that would have safety and operational benefits. 

Roofboltjng Support. A further study of deformation mechanisms and in situ 

roofbolt behavior may identify means for significantly improved support system 

performance. The timing and pattern of bolting could be optimized so that 

support system efficiency is maximized and repair and renovation work is 

minimized. 

Roofbo!t Testjng. Except for SPDV Room 2, the south end of SPDV Room 3, 

and the far south end of E140, all other drifts at WIPP are rockbolted. It is of 

significant cost and performance benefit to evaluate the effect of rockbolts on the 

failure process in the roof. Additional rockbolt testing programs should be 

developed that are geared towards quantifying the behavior of bolts in fractured 

ground. This testing could also optimize roof support design and time of 

installation. 

Instrument Qesjgn. As the understanding of the failure process in the roof of 

WIPP excavations grows, so does the need for more specific information about 

how the roof is deformed, loaded, and failed. New geomechanical instruments 

(both to the project and perhaps to the industry) may need to be developed to 

aid in the precise assessment of ground conditions at the WIPP. 

Room 1 , Panel 1 , The ground support system installed in Room 1 will safely 

suspend a large wedge-shaped slab similar to SPDV Room 1. The 

36 



geomechanical instrumentation installed in Room 1 , Panel 1 , will provide months 

to years of advance warning. Convergence rates in Room 1 , Panel 1 , are 

declining and there are no indications of instability. 
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EXTENSOMETERS 
Dale ot Oaleot 
Initial Last 

Fieldtaa Location Readina Readina Comments 
51X GE-00217 TEST ROOM 1/E RIB 13-Apr-83 12-Jul-90 INSTRUMENT MALFUNCTION 
51X GE-00218 TEST ROOM 1/ROOF 14-Apr-83 28-Feb-89 NO READING 
51X GE-00219 TEST ROOM 1/W RIB 15-Apr-83 24-Jun-91 INSTRUMENT MALFUNCTION 
51X GE-00269 TEST ROOM 1/FLOOR 21-Jan-86 24-Apr-90 INSTRUMENT MALFUNCTION 
51X GE-00213 TEST ROOM 2/E RIB 17-Mar-83 28-Apr-89 ANCHOR SLIPPAGE LIKELY (NO READING) 
51X GE-00214 TEST ROOM 2/ROOF 22-Mar-83 28-Apr-89 ANCHOR SLIPPAGE LIKELY (NO READING) 
51X GE-00215 TEST ROOM 2/W RIB 22-Mar-83 29-0ec-88 INSTRUMENT MALFUNCTION 
51X GE-00216 TEST ROOM 2/FLOOR 28-Mar-83 26-0ec-85 ROOS BROKEN-REPLACED BY 51X GE-00270 
51X GE-00270 TEST ROOM 2/FLOOR 21-Jan-86 28-Feb-89 ANCHOR SLIPPAGE LIKELY 

CONVERGENCE POINTS 
Dateot Dateot 
Initial Last 

Fieldti:lll Location Readina Readina Comments 
TR1 B-0 TEST ROOM 1/MIDPOINT 20-Apr-83 21-Jun-89 NOT ACCESSIBLE 
IG215-216-RS TEST ROOM 1/E RIB 27-Apr-83 13-Mar-89 . 
TR1-2 A-C TEST ROOM 1/MIDPOINT 06-Sep-88 23-Aug-89 . 
TR1-2 E-F . 06-Sep-88 23-Aug-89 . 
TR2 B-0 TEST ROOM 2/MIDPOINT 23-Mar-83 31-Mar-83 MINED OUT-REPLACED BY TR:B-D-2 
TR2-2 B-0 . 12-Jul-83 03-0ct-89 NOT ACCESSIBLE 
IG211-212-RS TEST ROOM 2/E RIB 05-Apr-83 13-Mar-89 . 
IG213-214-RS TEST ROOM 2IW RIB 05-Apr-83 13-Mar-89 . 
IG211-213-TC TEST ROOM 2/1' BELOW ROOF 28-Nov-83 03-Mar-89 . 
IG212-214-TC TEST ROOM 2/1' ABOVE FLOOR 
TR2-3A-C . 
TR2-3 E-F . 
TR2-N1137 A··D TEST ROOM 2/N1137 
TR2-N1137 B-C . 
TR2-N1137 E·F . 
TR2-N1137 G-H . 
TR2-N 1175 A-0 TEST ROOM 2/N1175 
TR2-N1175 S·C . 
TR2-N 1175 E··F . 
TR2-N1175 L-M . 
TR2-N1212A·D TEST ROOM 2/N1212 
TR2-N1212 B-C . 
TR2-N1212 E-F . 
TR2-N1212 G-H . 
TR2-N 1287 A-0 TEST ROOM 2/N1287 
TR2-N1287 B-C . 
TR2-N1287 E-F . 
TR2-N1287 G-H . 
TR2-N1325 A-0 TEST ROOM 2/N1325 
TR2-N1325 B-C . 
TR2-N1325 E-F . 
TR2-N1325 L.-M . 
TR2-N 1362 A-0 TEST ROOM 2/N1362 
TR2-N1362 B-C . 
TR2-N1362 E-F . 
TR2-N1362 G·H . 

28-Nov-83 
28-Nov-88 
28-Nov-88 
05-0ec-88 
05-0ec-88 
05-0ec-88 
14-Feb-89 
05-0ec-88 
05-0ec-88 
05-0ec-88 
14-Feb-89 
05-Dec-88 
05-0ec-88 
05-Dec-88 
14-Feb-89 
29-Nov-88 
29-Nov-88 
29-Nov-88 
14-Feb-89 
29-Nov-88 
29-Nov-88 
29-Nov-88 
14-Feb-89 
29-Nov-88 
29-Nov-88 
29-Nov-88 
14-Feb-89 
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07-0eo-88 . 
03-Apr-89 . 
03-Apr-89 . 
24-Aug-89 . 
03-0ct-89 . 
03-0ct-89 . 
03-0ct-89 . 
25-Aug-89 . 
25-Aug-89 . 
25-Aug-89 . 
03-0ct-89 . 
25-Aug-89 . 
03-Cct-89 . 
03-Qct-89 . 
03-0ct-89 . 
23-Aug-89 . 
23-Aug-89 . 
23-Aug-89 . 
23-Aug-89 . 
23-Aug-89 . 
23-Aug-89 . 
23-Aug-89 . 
03-Cct-89 . 
23-Aug-89 . 
03-0ct-89 . 
03-0ct-89 . 
03-0ct-89 . 

TABLE 3·1 
INSTRUMENTATION SUMMARY 
SPDV ROOMS 1 AND 2 
Sheet 1of2 



INCLINOMETERS 

Fieldtan LDcation 
51X IG-00211 ROOM 2-E RIB/1' FROM ROOF 
51X IG-00213 ROOM 2-W RIB/1' FROM ROOF 
51X IG-00214 ROOM 2-W RIB/1' FROM FLOOR 

I 
CONVERGENCE METERS 

FiAldtaa LDcation 
51X CE-00202 ROOM 1/CENTERLINE 
51X CE-00201 ROOM 21CENTERLINE 

STRESS METERS 

Fieldtaa LDcation 
51X NG-00255 ROOM 2/W RIB-FLOOR 
51X NG-00256 ROOM 21CENTER FLOOR 

WIRE CONVERGENCE METERS 

Fleldtaa LDcation 
51X CW-00001 ROOM 1/175' N OF N1100 
51X CW-00002 ROOM 1/182.5' N OF N1100 
51X CW-00003 ROOM 1/195' N OF N1100 
51X CW-00004 ROOM 11207.5' N OF N1100 
51X CW-00005 ROOM 2137.5' N OF N1100 
51X CW-00006 ROOM 2/75'N OF N1100 E RIB 
51X CW-00007 ROOM 2175 'N OF N1100 
51X CW-00008 ROOM 2/75'N OF N1100 W RIB 
51X CW-00009 ROOM 21112.5' N OF N1100 
51X CW-00010 ROOM 21150'N OF N1100 E RIB 
51X CW-00011 ROOM 21150'N OF N1100 W RIB 
51X CW-00012 ROOM 21187.5' N OF N1100 
51X CW-00013 ROOM 21225'N OF N1100 E RIB 
51X CW-00014 ROOM 21225' N OF N1100 
51X CW-00015 ROOM 21225'N OF N 1100 W RIB 
51X CW-00016 ROOM 21262.5' N OF N 1100 

Oa1Bof 
Initial 
Reaclina 
05-Apr-83 
05-Apr-83 
05-Aor-83 

Data of 
Initial 
R......tinn 
20-Apr-83 
29-Mar-83 

DalBof 
Initial 
Reaclina 
10-May-84 
1().U--84 

Da1Bof 
Initial 
Readina 
11-Aug-89 
11-Aug-89 
11-Aug-89 
11-Aug-89 
22-Sep-89 
25-Aug-89 
25-Aug-89 
25-Aug-89 
25-Aug-89 
22-Sep-89 
24-Aug-89 
24-Aug-89 
24-Aug-89 
24-Aug-89 
24-Aug-89 
24-AUQ-89 
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DalBof 
Last 
Reactina Comments 
3().Jun-89 NOT ACCESSIBLE 
3().Jun-89 . 
30-Jun-89 . 

DalBof 
Last 
Reaclina Comments 
10-Sep-90 NO LONGER FUNCTIONING 
22-Jan-91 . 

Date of 
Last 
Readina Comments 
17-Mar-89 NOT ACCESSIBLE 
17-Mar-89 . 

DalBof 
Last 
Reactina Comments 
04-Feb-91 DESTROYED BY ROCKFALL (02191) 
04-Feb-91 DESTROYED BY ROCKFALL (02191) 
04-Feb-91 DESTROYED BY ROCKFALL (02191) 
04-Feb-91 DESTROYED BY ROCKFALL (02191) 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-May-93 FUNCTIONING 
03-Mav-93 FUNCTIONING 

TABLE 3-1 
INSTRUMENTATION SUMMARY 
SPDV ROOMS 1 AND 2 
Sheet 2 of 2 



ARRAY HOLEE HOLE A 

1 >11-1/2" R 1" 

2 >1-7/8" R 3/8" 

3 2" R 1-1/2" 

4 1/4" R 1" 

5 no info. R no info. 

6 1 .. 3/4" R 2" 

7 1·1/4" R 1/8" 

8 1··1/4" R 1" 

9 1-1/2" R 0 

10 >1-7/8" R 1" 

11 1-1/2" R 1" 

12 >1·7/8" L 1·1/2" 

13w no hole >1-7/8" 

14e 1/2" R 0 

15 1-718" R 1/4" 

16 n/a n/a 

17 0 0 

18 11-1/2" R 0 

19 0 0 

20 >1-7/8" R 1/4" 

21W ·t" R 0 

22 1/8" L 3/4" 

23 1/2" R 0 

24 1/2" R 0 

25 1-7/8" R 1-1/4" 

26 n/a n/a 

L 

L 

L 

R 

L 

R 

L 

R 

L 

L 

R 

L 

L 

L 

R 

HOLEC REMARKS 

1-1/2" L 

>1-7/8" L 

2" L 

1-7/8" L 

no info. 

1·3/4" L 1990 Info. 

1-1/4" L 1989 Info. 

1·1/2" L 1989 info. 

1-318" L 1989 Info. 

>·718" L 1989 Info. 

>1·7/8" L intersection arrav 

>1-718" L intersection array 

>1-7/8" L 

1-1/2" L 

1-518" L 

n/a floor onlv 

0 

1-1/4" L clayH 

1/4" L clayH 
(1989) 

1-1/2" L 

3/4" L 

3/4" L intersection array 

1/8" L 

3/4" L intersection array 

1-7/8" L 

n/a floor onlv 

TABLE 3-2 
Excavation Effects Program Data 
Horizontal Offset Distribution 
Sheet 1of2 
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ARRAY 

Z1 

28 

29 

3De 

31e 

32 

33 

34 

35 

36 

Notes: 1. 
2. 
3. 

indicated 

4. 

HOLEE HOLE A HOLEC REMARKS 

n/a n/a n/a floor only 

1-1/2" R n/a 1-1/4" L 

no info. lower portion 1-7/8" L 
of hole 
pushed in 
along clay G 
from both 
sides 

0 no hole 0 clay I 

1/4" R 0 1/4" L clav I 

1/4" R 0 1/4" L clav I 

0 0 0 clay I 

3/8 R 0 1/4" L 

1/4" R 0 3/8" L 

1/4" R 0 1/4" L 

Offsets occur at clay G unless otherwise noted. 
Arrays are oriented north unless otherwise noted e (east) or w (west). 
Holes are arranged as shown below when the viewer is facing the direction 

in 1. 
R • bottom of hole moved to the right. L = bottom of hole moved to the left. 

E A C 

~lNlY/?l~ 
DRIFT 

TABLE 3-2 
Excavation Effects Program Data 
Horizontal Offset Distribution 
Sheet 2 of 2 
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Formation of a Roof Beam 
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Concentration of Compressive Stresses in the Roof Beam 
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FIGURE 2-8 
Axial Force in the Roof Beam Acting Eccentrically on the Roof Beam 
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INVESTIGATION OF THE ADVANTAGES OF REMOVING HIGHLY 

FRACTURED ROOF BEAMS 

1.0 Introduction 

The behavior of the underground excavations at the Waste Isolation Pilot Plant 

has been intensely studied for over ten years. All excavations have performed 

their intended functions safely with normal maintenance and ground support. 

The deformation characteristics and mechanisms are well understood. Many 

openings such as the main access drifts and shaft stations must remain open for 

the life of the facility. With many openings now ten years old or older and a 

twenty-five year operational (disposal) phase planned for 1998, these drifts are 

required to be usable for over forty years. It has been proposed that mining out 

the roof of the excavations up to the nearest clay seam may extend the useful 

life of some excavations. This report reviews available rock mechanics 

information relevant to improving drift stability by removing the roof beam. For 

the purposes of this document, a "roof beam" is defined as the section of rock 

between the roof of the excavation and the nearest clay seam above the roof. A 

drift with a clay seam forming the roof is defined as having no roof beam. 

Theoretical deformation mechanisms believed to be at work at WIPP are briefly 

discussed. Field data from excavations with a clay seam forming the roof are 

reviewed. Finally, numerical modeling results compare the performance of 

excavations with and without roof beams. Only the geomechanical effects of the 

roof beam are discussed in detail here. Economics are only considered in 

passing. The removal of a roof beam in an existing drift would have several non

geomechanical consequences. The ventilation balance would change with the 

drift cross-section. Utilities would also need to be removed and reinstalled. 



2.0 Conceptual Model for Excavation Stability at WIPP 

The stability of excavations at WIPP is assessed by analysis of creep 

displacement and fracture formation. Fracturing and increasing displacement 

are closely related and in the absence of increased stress levels or increased 

temperature, displacement rate increases can only be caused by forming and 

opening fractures. 

The general scenario for unsupported WIPP excavations is: 1) excavation is 

mined and displacement rates begin decreasing (Figure 1 , Curve A). Localized 

(one to ten feet long) shallow spalls associated with poor rock conditions are 

frequently observed soon after excavation; 2) excavation deforms smoothly 

according to creep properties of salt (Curve 8). Low angle shear fractures form 

near the ribs and separations and horizontal offsets form at clay seams; 3) large 

scale fracturing that goes deep into the rock develops and closure rates 

increase (Curve C). Given sufficient time, the roof of an unsupported excavation 

will probably continue to fracture until the roof falls (Point 0). The formation of 

the large scale fractures in the roof is influenced by several factors. A 

conceptual model for the fracturing is summarized below. 

Zones of high shear stress develop in the roof near the ribs immediately after 

excavation. These zones are weakened relative to the rest of the roof beam. At 

the same time, the pillars expand horizontally into the excavation. Clay seams 

located in the roof (usually either Clay G or Clay I) or floor (usually clay E) slip 

under the horizontal displacement of the pillar (Figure 2). This effectively 

concentrates the pillar expansion between the clay seam in the roof and the clay 

seam in the floor. The high horizontal load is partly relieved by roof sag and 

partly b~ the formation of fractures. The weak zones in the roof formed by the 
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early high shear stress are the most probable locations for fracture formation 

under the high horizontal stress from the pillars. These fractures are usually 

diagonal originating near each rib and terminating near the clay seam. Once the 

fractures are large and extensive enough, gravity forces due to the dead weight 

of the slab become dominant. As the fractures become more extensive, the 

ability of the slab to support its own weight is reduced, which in turn causes 

more fracturing. This is why displacement rates increase exponentially as 

extensive fracturing develops. 

Since this scenario is generally accepted, it has been suggested that an 

excavation with a clay seam forming the roof would be more stable. The thought 

is that the clay seam at the roof would slip as the pillar expanded, thus reducing 

to a minimum the transmission of load to the roof and therefore the fracturing in 

the roof (Figure 3). According to the conceptual model, an excavation with clay 

seams forming both the roof and floor would be even better. Field data and 

numerical analyses will be used to evaluate both the scenario and the 

suggestion in order to determine what geotechnical benefits might be obtained. 
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3.0 Field Observations 

Field observations, in the form of displacement measurements and fracture 

mapping,, support the concept of removing the roof beam to enhance stability. 

Because many of the drifts that require long lives have already been mined, the 

effect of removing the roof beam well after initial mining must be investigated as 

well as mining the roof at Clay G from the beginning. Figure 4 is the WIPP 

underground layout with locations discussed in this and the following sections 

highlighted. 

3. 1 Roof Beam Removed in Existing Drift - Salt Handling Shaft Station 

The only excavation at WIPP that has had the roof beam removed up to a clay 

seam well after initial mining is the Salt Handling Shaft Station. The station was 

mined (by drill and blast) in 1982 with a 14 to 18 foot high roof (Figure 5). The 

roof up to Clay G began deteriorating soon after excavation, at least partially 

because of poor charge control during mining. By 1987, the roof had 

deteriorated to the point that it was decided to remove the roof beam. The roof 

beam was removed (Figure 6) between November 1987 and February 1988 

using a Tamrock scaler. Because this is a one of a kind excavation for WIPP (in 

terms of size, shape, and mining method), strong conclusions cannot be drawn 

from it. However, it must be examined here because its roof beam has been 

removed. 

3.1.1 Fracturing in the Salt Handling Shaft Station 

Since the roof beam was removed in the Salt Station, large scale fracturing has 

not redeveloped. Figures 7 and 8 show fracturing in the roof in May 1987 before 

roof beam removal and six years after the roof was removed. There are far 
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fewer fractures with much smaller openings even six years after the roof was 

removed than there were before the roof was removed. Removing the roof beam 

has improved the condition (in terms of fracturing) of the Salt Shaft Station roof. 

3.1.2 Geomechanical Instrumentation in the Salt Handling Shaft Station 

Geomechanical instrumentation in the Salt Station also indicate that the roof is 

much more stable since the roof beam was removed. Figure 9 shows the roof 

displacement rate in the station 65 feet south of the shaft. This extensometer is 

located in the thickest part of the station roof where the roof was about seven 

feet below Clay G. Displacement rates after the roof was removed are about 25 

percent of the earlier rates. This indicates that the new roof is considerably 

more stable since the old roof was removed. Figure 1 O shows the roof 

displacement rate in the station 30 feet south of the shaft. The old roof beam 

here was only three to four feet thick. The reduction in displacement rate after 

the beam was removed is not as obvious for the thin roof beam. Recalling that 

the roof was both highly fractured and extensively rockbolted, this is probably 

due to the ground support and the weight of the beam. Once the roof became 

highly fractured, the thinner beam would be subject to less dead weight load. 

The smaller dead weight load would be more easily supported by the rockbolts. 

The lighter slab would also be less likely to form additional fractures due to its 

own weight. The thicker slab would be heavy enough to continue fracturing and 

would be harder to support with the rockbolts. Once the fractured roof was 

removed, excessive displacement due to fracturing no longer occurred. Thus 

the reduction in displacement and closure rates. 
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Roof to floor convergence measurements at 865 show similar results 

(Figure 11 ). After roof beam removal, convergence rates dropped to about 33 

percent of the earlier rates. Again, the convergence points under the thinner 

section of the roof did not show such dramatic drops. Horizontal convergence 

rates remained about the same for all stations before and after roof beam 

removal. 

3.2 Drift Originally Mined Without Roof Beam 

Several drifts have been mined with Clay Hor Clay I as the roof. These include 

the eastern N1100 drift with roof and floor formed by clays Hand G, 

respectively, and the A, 8, and D Rooms which have Clay I and G within· a foot 

below and above the roof and floor, respectively. The performance of each of 

these drifts will be examined to determine the effect of their stratigraphic 

location. 

3.2.1 Nl 100 and Nl420 Drifts Comparison 

These drifts are both 14 feet wide and were mined in 1984. N1420 is 12 feet 

high and N1100 is eight feet high. However, the configuration of the roof and 

floor beams are different in each drift. N1420 and N1100 at the experimental 

level have Clay G forming the floor. Clay H forms the roof in N1100 while N1420 

has a five foot roof beam bounded by Clay I. Figure 12 shows the relative 

stratigraphic location of the drifts. The effect of a clay seam forming the roof can 

be examined by comparing the performance of the two drifts. 
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3.2.1.1 Fracturing in the NllOO and Nl420 Drifts 

Roof fracturing is relatively intense in the N1420 drift, which has a five toot thick 

root beam and no floor beam. Large scale diagonal fractures have developed 

along with vertical cracks in the roof (Figure 13). The N1100 drift, which has no 

roof or floor beam, has very little fracturing (Figure 14). It is clear from the 

fracture observations that of these two drifts of nearly the same age and size, 

the N1100 drift, with no roof beam, is in much better condition than the N1420 

drift with a roof beam and no floor beam. 

3.2.1.2 Geomechanical Instrumentation in the NUOO and N1420 Drifts 

The only instrumentation in the N1100 and N1420 drifts are vertical and 

horizontal convergence gauges. Vertical convergence rates in the N1420 drift 

between Room Band Room A2 are about 150% of the rates in N1100 

(Figure 15) at the same relative location. The difference is probably due to 

bending and breakup of the roof beam in N1420. Horizontal rates are only 

slightly higher in the N1420 drift, indicating that the location of the clay seams at 

the roof and floor lines in N1100 does not cause high horizontal convergence 

rates (Figure 16). 

3.2.2 Rooms D, B, and A 

Rooms D, B, and the A's are 18 feet high by 18 feet wide and were all mined in 

1984. The roof of these rooms is formed by Clay I and the floor by Clay G 

(Figure 17). Heaters in Room Band the A Rooms raised the air temperature 

about 50° F for about three years. Because salt creep is very sensitive to 

temperature, the discussion will focus on Room D which was not heated. 
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3.2.2.l Fracturing in Rooms D, B, and A 

Room D has six-foot rockbolts installed on a wide (6'-8' x -10') pattern. Shallow 

fractures less than two feet deep were first observed in the roof soon after 

excavation. The slabs formed by these fractures do not appear to go much 

deeper into the roof and would be easily supported with standard rockbolts. 

Room B was rockbolted after long, thick slabs formed in the roof. There has not 

been a roof fall in Room 8. There have been several roof falls in the A Rooms, 

which were not rockbolted. The fallen slabs were about 18 inches thick. The 

falls wem allowed to occur because of the experimental use of the rooms. The 

rooms had been barricaded and normal maintenance was not performed. 

Considering that the high temperatures significantly accelerated deformations in 

the A rooms and Room B, all the 18'X18' drifts have performed very well. 
·-- -- + --·--· ·- -·----- --- - ·-

3.2.2.2 Geomechanical Instrumentation in Room D 

Both vertical and horizontal convergence in Room D have been very low 

considering the size of the room. Vertical convergence is about 1.1 inches per 

year versus a predicted rate of 1.7 inches per year. Horizontal convergence is 

about 0.8 inches per year versus a predicted rate of about 1.3 inches per year. 

Predicted values are from an empirical analyses of convergence at WIPP 

(USDOE, 1993). The low convergence rates may be attributed to the good 

condition of the roof, floor, and walls which in turn may be attributed to the 

presence of the clay seams forming the roof and floor. 

3.3 Summary of Field Observations 

Field observations in the form of geomechanical instrumentation and fracture 

mapping have been examined in all rooms without clay seams forming the roof 
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or floor and in the only room that has had the roof removed to a clay seam. In all 

cases, the drifts with a clay seam forming the roof performed much better than 

their counterparts with a roof beam. Without exception, the field data 

demonstrate that initially mining drifts with a clay seam forming the roof makes 

for long-lasting, stable excavations. The field data also demonstrates that 

removing a roof beam well after excavation improves the stability of a drift. 

It should be noted here that given a drift with a closure rate of two inches per 

year, after 40 years the drift will have lost 80 inches of its initial height. An 

originally 13 foot high excavation would be about six feet high after 40 years. 

Obviously the excess convergence cannot be completely mitigated by trimming 

the floor. Eventually at least part of the roof beam would have to be removed. 

However, the thinner roof beam would be expected to fracture even more than 

the original beam. Therefore, removal of the roof beam may be necessary just to 

maintain operating clearance in the access drifts. 
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4.0 Numerical Analyses 

Numerical analyses, in the form of finite difference modeling, can be used to 

investigate the effect of roof beam removal and the advantages of mining drifts 

without roof beams. The finite difference code used was Fast Lagrangian 

Analysis of Continua (FLAC) (Itasca Consulting Group, 1993). Models of the 

Salt Handling Shaft Station and the N1420 and E140 drifts were developed to 

investigate the effect of removing the roof beam well after excavation. Models of 

Room D and N1100 drifts were developed t9 investigate the effect of initially 

mining drifts without roof beams and for comparison to the other drifts. Although 

the models cannot simulate fracturing, the potential for fracturing can be related 

to zones of high strain concentration in the models. Therefore, the discussion 

will concentrate on examination of shear strain results in the models. 

4. 1 Salt Shatt Station Roof Beam Removal 

About 5.33 years after initial excavation, between three and eight feet of salt 

were removed from the roof of the Salt Handling Shaft Station to bring the roof 

up to Clay G. Figures 18 and 19 show accumulated strain calculated by the 

FLAC Salt Station model. Figure 18 shows the condition at 5.33 years after 

excavation immediately before the roof beam was removed. The roof beam has 

deformed considerably with a large separation at Clay G. Figure 19 shows the 

condition at ten years after excavation, about five years after the roof beam was 

removed. Note that there is very little roof sag. Accumulated strain in the roof is 

just reaching levels found in the original roof beam five years earlier. The model 

results indicate that removing the roof beam in the Salt Shaft Station provided a 

more stable roof with much less deformation. 
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4.2 N1420 Roof Beam Removal 

The FLAG model of the N1420 drift was run in two configurations. One model 

with the five foot thick roof beam removed after ten years and one with the roof 

beam left in place. Figure 20 shows deformation ten years after excavation and 

immediately before the roof beam is removed in the model. Figure 21 shows 

conditions at twenty years after excavation with the roof beam left in place. 

Figure 22 shows conditions at twenty years after excavation with the roof beam 

removed ten years earlier. At ten years, the roof beam in the model has 

undergone high strains. If the roof beam is left in place, as in Figure 21, the . 
strains only continue to build. However, with the roof beam removed at ten 

years, the highly strained material is removed and the new roof does not build 

up :1ew high strains, even after twenty years. The model results indicate that 

removing the roof to Clay Gin the N1420 drift will provide a much more stable 

roof, and fracturing will not be a problem for at least ten years and possibly 

longer. 

4.3 E140 Roof Beam Removal 

The FLAG E140 Drift model was also run in two configurations. One model has 

the six foot thick roof beam removed after ten years and one leaves the roof 

beam in place to twenty years. Figure 23 shows deformation after ten years 

immediately before the roof beam is removed in the model. Figure 24 shows 

conditions at twenty years with the roof beam left in place. Figure 25 shows 

conditions at twenty years with the roof beam removed ten years earlier. The 

results are very similar to the N1420 drift models. With the beam removed, 

strain is less in the roof after twenty years than it was in the roof beam before 
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removal at ten years. Because Clay His fairly close to the new roof in E140, 

there is more concentration of strain in the new roof of the E140 drift than in the 

new roof of the N1420, which does not have a nearby clay seam. Again, the 

removal of the roof beam in the model leaves a more stable and presumably 

longer lived excavation. 

4.4 South E140 Drift Enlargement 

The E140 Drift south of S2180 was mined in early 1983 with dimensions of about 

8' to 9.5' high by 25' wide. The drift is not rockbolted and has been barricaded 

since 1989. No geomechanical measurements or visual observations have been 

made in the drift since it was barricaded. Figure 26 shows the stratigraphic 

location of the drift as it is currently configured. To accommodate excavation of 

Panel 2, the E140 Drift south of S2180 will need to be enlarged to allow large 

equipment to pass. 

Two ways of enlarging the E140 drift have been modeled. One model lowers the 

floor of the south E140 drift eleven years after initial excavation. The other 

model removes the roof beam up to Clay G after eleven years. Figures 27 

and 28 show strain around the drift for each configuration after twenty years 

(nine years after enlarging). Strain in the roof of the drift that had the floor 

lowered (Figure 27} is about twice that of the drift with the roof beam removed 

(Figure 28). This indicates that fracturing will be much more intense in the 

configuration with the stratigraphically lower roof. This suggests that removing 

the roof beam, which gives a 16 foot tall excavation, will both ease maintenance 

and provide a longer useful life than lowering the floor. 
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4.5 Room D and N1100 Drift Models 

FLAC models of Room D and of the N1100 drift in the experimental area were 

developed for comparison to other models. Figure 29 shows strain around the 

N1100 drift twenty years after excavation. Strains are low in the roof of the 

N1100 model, particularly compared to the N1420 with the roof beam at twenty 

years (Figure 21 ). The Room D model also shows low strains in the roof 

(Figure 30). Both of these models show high strain in the ribs, although field 

data do not indicate that excessive sloughing occurs. 

4.6 Summary of Numerical Analyses 

Numerical models were developed for a variety of excavation sizes both at the 

repository level and the experimental level of the facility. Models were 

developed for drifts mined without a roof beam from the beginning and for drifts 

with substantial roof beams removed later in the model's life. In all cases, the 

models indicate that drifts originally mined with a clay seam at the roof line 

perform very well. Excessive strains do not develop in the roof. In all cases 

where the roof beam was removed well after initial excavation, the drift 

performed better after the beam was removed. Again, fracturing is not simulated 

in the models, although the total shear strain may be used as an indication of the 

propensity of the rock to fracture. Also, these models cannot adequately 

address the performance of the floor of excavations because MB139 does not 

creep and is very strong. Neither of these factors significantly influence the 

results, so the numerical models clearly demonstrate that roof beam removal 

enhances the stability of WIPP excavations. 

13 



5.0 Summary of Results 

The geomechanical advantages of removing old roof beams or mining drifts 

without roof beams from the beginning were examined in a variety of ways. A 

conceptual model for WIPP excavation performance was extended to postulate 

the effect of roof beam removal. Field data from drifts without roof beams and 

from drifts that had roof beams removed after initial excavation were examined to 

see if the effect was measurable. Finally, numerical models of various 

excavations were developed to examine the effect of roof beam removal or the 

lack of a roof beam. 

5. 1 Conclusions 

The following conclusions were reached after examination of all the factors 

discussed above. 

1. The conceptual model for WIPP excavation effects indicates that much of the 
fracturing and resulting instability in the roof of WIPP excavations is caused 
by the relative location of the clay seam above the roof of the excavation. 

2. The field data indicate that fracturing and displacement are minimized in the 
roof of excavations without a roof beam. 

3. The field data indicate the removal of a highly fractured roof beam 
significantly improves the stability of excavations. 

4. The field data indicate that roof beam removal eventually will be necessary in 
order to maintain operating clearance in life of mine drifts. 

5. Numerical analyses indicate that over equivalent times drifts without roof 
beams develop less strain in.the roof than drifts with roof beams. 

6. Numerical analyses indicate that the removal of a highly deformed roof beam 
significantly improves the condition of the roof. 

7. ·The conceptual model, field data, and numerical analyses are reasonably 
consistent in their conclusions. 
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8. The E140 drift south of 82180 should be enlarged by removing the roof beam 
entirely rather than by lowering the floor and trimming the roof beam. 

9. Drifts. such as Room D, that are originally mined with a clay seam forming the 
roof and floor will be much longer lived and require less maintenance than 
drifts with a roof beam. 

10. The life of drifts with highly fractured roof beams can be significantly 
lengthened by removing the roof beam to the nearest clay seam. 

5.2 Recommendations 

In light of the conclusions reached by examination of the conceptual model, field 

data, and numerical analyses, the following recommendations are made 

concerning removal of roof beams. 

1. New excavations requiring long useful lives should be mined with the roof at 
a clay seam. At the facility level, the roof should be at Clay G. 

2. The roof beam should be removed from old excavations with highly fractured 
roofs once they require high maintenance efforts. 

3. The timing of roof beam removal should be based on the level of effort 
required to maintain the existing roof. There is no need to remove the roof 
beam if maintenance is low. 
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CHAPTER D 

llVIPP RCRA Part B Permit Application 
DOE/\IVIPP 91-005 

Revision 5.2 

FACILITY AND PROCESS INFORMATION 
1 

2 

3 

Disposal of transuranic (TRU) mixed waste in the Waste Isolation Pilot Plant (WIPP) facility is 4 
subject to regulation under Title 20 of the New Mexico Administrative Code, Chapter 4, Part 1 5 
(20 NMAC 4.1), Subpart V. As required by 20 NMAC 4.1, Subpart V, §264.601, the 6 
U.S. Department of Energy (DOE) must demonstrate that the environmental performance 7 

;,1m;,~;:i1ti~:mii9=ii~ii~~~;:u~Ji::!9~!r1:::~~a~~:11!~~11r:~~~~!'!?~~!~~~~~!! : 
portions of 20 NMAC 4.1, Subpart V, ~i~i:i.f.Q[:~g,:[~iB.i~j[:t1![:[are applied to the operation of the 1 O 
WIPP facility, including container management§!§mg@[gqj.§fin the Waste Handling Building 11 
(WHB), as appropriate~@,§i!#J!i::p~ms!!J~t[~[g. This .. chii:i°iiterof'frie permit application describes the 12 
hazardous 1.vaste mal'lagemel'lt .. uFlitEi .. (HWMU$}, the TRU waste management facilities and 13 
operations, and compliance with the environmental performance standardijii.4.iw.ftft:lftll~ilO.il 14 
8ii~riiin~!:::::l][j[6Q)j:::f!r!1,!i,Qi[!':lf:l1:. The configuration of the WI PP facility .c.ons·i·sts·····c;r·~a·m·p'j°eted° 15 
structures, including all buildings and systems for the operation of the facility. Technical 16 
materials submitted with this permit application fall into two classes: design information and as- 17 
built information. Specifically, as required by 20 NMAC 4.1, Subpart IX, §270.23, technical 18 
reports on site and location characteristics are provided in Appendix D 1, and engineering design 19 
basis reports are provided in Appendix D2. Detailed plans and appropriate as-built and design 20 
drawings for HWMUs and associated facilities and equipment are provided in Appendix D3. 21 
Appendix D3 also includes engineering change orders for the drawings. A list of l!l!ildrawings 22 
is provided in Table D-1. 23 

Certain technical data, such as design drawings and specifications and engineering studies for 24 
newly designed facility features (e.g., Panel 2 designfififtlf:l!il?l!t!i), will ~e.~tl certified by a 25 
registered professional engineer (in accordance with 20 NMAC 4.1, Subpart X, §270.14[a]). 26 
Other drawings provided in this permit application are "as-built" drawings. "As-built" drawings 27 
are not design drawings and specifications or engineering studies and, therefore, are not subject 28 
to the requirements of 20 NMAC 4.1, Subpart X, § 270.14(a). WIPP facility "as-built" drawings 29 
have been subjected to independent reviews and approvals that af&-f1) iri documented and 30 
functionally equivalent to an independent review by a professional engineer~: and f2) accomplish 31 
the goal of assessing and validating that the WI PP facility design and operations afford protection 32 
of the public health and the environment as required by 20 NMAC 4.1, Subpart X, § 270.23(a). 33 

AL/5-95/WPNJIPPARTB/REVSCR:CH-D D-1 01/12196 4:14pm 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
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Disposal Phase Overview 

3 The Disposal Phase will consist of receiving both contact-handled (CH) and remote-handled 
4 (RH) TRU mixed waste shipping containers, unloading and transporting the waste containers to 
5 the underground HWMUs, emplacing the waste in the fiti!!rif?!fi9.i!!H\Al'MUs, and subsequently 
6 achieving disµesal by clesing§Jg!P,Jt~iH§f the P.nl@t.9.\t99.n~:::fiWrv1Ds in compliance with applicable 
1 state and federal regulations. The DOE is seeking a permit to perform !!1@i!:;:;:disposal lml 
8 IPf:P:rit!activities. To support this permit application, Appendices 02 and 03 present detailed 
9 information on the design of waste disposal facilities and equipment. 

10 

11 Chapter C of this permit application describes the waste types to be disposed of at the WIPP 
12 facility. Partial and final clesureg!§!!!ii!ii.lfilf:!!will be performed in accordance with Chapter I 
13 of this permit application 
14 

15 D-1 Containers 
16 

11 The waste containers that will be used at the WI PP facility qualify as "containers," in accordance 
18 with 20 NMAC 4.1, Subpart I, §260.10. That is, they are "portable devices in which a material 
19 is stored, transported, treated, disposed of, or otherwise handled." 
20 

21 Management practices for containers are discussed in Section D Qaf2)Qi~i!i physical descriptions 
22 of the containers that address requirements of 20 NMAC 4.1, Subpart V, Use and Management 
23 of Containers, are presented in Section D Qa(3)(g)Q!1!@~1l)i 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

111:1:::::::1~~~~~~s.:::~p;;:m1e.::::~19~~P.~ 

11!::g:mm::1t1!1::~!9~s119r,=:1m.1J.~1m&.11Is1~::p:::gr!~1=Wl!n:::1nmm:=:1~~•!m41t:J11.111!la! 
!!I~n1:1::N1emg:::r:m!:,::rt9nl9!t!efi::::::i1::::=1n1111:::::i.!:::::!:rnn!:::::m1:::::!!9!t~m::riillmm~::::~::::::1emat1m: 
w!niti!!i%:1M?r~:::::~nJ.1:::::~1::::::m1:::me.9'=91~:::::::::::1111::::::m11n!:::::1rna1::::m::::ng1;1::::::~m:::::s1111u1\l1Jm1u~1• 
mr1m!l1l!a::1::1111~!11:u•m:::::r11u:1m1:::::r1111.memfi::::@me::::~~1:am~111112a1s11u1~~::::12 
attltf!m1~::m1::::e1!em1::11I1sii!1:::::1:::::$wn11r11:uaM••~~::i11Y::::a:~::mmBf:i:man111m:i:11 
tJ.1n1m11em:::1tm::eelnt::P:t=:~aP:11mii~~in~::a1om11t!Pntm!R:Jt1m1::!m::r11evM~t:§1t@1.11111: 
B!¥itf::~m:::111~::::1111n11:::11m::~mtiJ.0::::1a!'=i:::11.•:::m:::m11J:#.Uilmn~i::m.g,-~ 

·1111::m1ttM1ue1t:::t1:::1mm219:::1nMtt1I1111r1mm1::am::111~:1m11~E!•11l!!B 
mmm::::!Mi.JJ:::~@ti!nI~IIH•It!llPIIlll.lli!i!!ii!Jiiitil!§mi.l~:;:1:11miJltI!l!fi-! 
•!~fi1m::::'"~1rn::J1ml!~::::P:!n~n•~~::IBl:':~e:::m1!!t1Ml~~:::~i.f.::m11=::11e1m11:1~ 
11111~::::::11:::1:::s.yf:11m1i:::11:1e9@1:::1f:fiw11::i2::111tmt11111::!1111n1r1:1i!1111::11tB11:12 
111r1:1m11~111:1a":::e1t1tnt:::1r::~11:111H111:1~::1t1:::~n~!m¥:1:::1111m:~:::;:::11:::a::P.!mtt111 
i111t11i:::1!191e::1:9.i~l:ar:11a1tr,111::g91g111:::11:!11nt:::11:~11:11m::e11a11:11111:m1: 
§fil&@::::tQQ§[liJiU!l 

'·, 

AUS-95/WPllMPPARTB/REVSCR:CH-D D-2 01/12.196 4:14pm 



AU5-95/WP/VVIPPARTB/REV5CR:CH-D D-3 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

01/12196 4:14pm 

1 

2 

5 

6 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

AIJ5-95/WPIWIPPARTB/REV5CR:CH-D D-4 01/12/96 4:14pm 



AU5-95JVVPIVVIPPARTBJREVSCR:CH-D D-5 

V\/IPP RCRA Part B Pennit Application 
DOEJV\/IPP 91-005 

Revision 5.2 

01/15/96 8:36am 

9 

10 

11 

12 

14 

15 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

WIPP RCRA Part B Permit Application 
DOEJVVIPP 91-005 
Revision 5.2 

AUS-95/IM>/WIPPARTBIREVSCR:CH-D 0-6 01/15196 8:35am 



AU5-95/WP/W1PPARTBIREV5CR:CH-D D-7 

WlPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

01/15196 8:35am 

3 

4 

5 

6 

9 

10 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 

32 

33 

34 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

AUS-951\M>M/IPPARTBIREVSCR:CH-D D-8 01/12/96 4:14pm 



\/\/IPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

1 

2 

3 

5 

6 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

¥.B9~1P®BJ:Uf.1Bfl!i'::J~m@:::t§@!f~i!!!iii\V!!PmIU!!e!~~i:iw~'=fY.IP.~!l~;~g~=:::irwf'!!t!§m~!lft.• 30 

tdi!ii 31 

AUS-95/WPIWIPPARTB/REVSCR:CH-D D-9 01/12196 4:14pm 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

\NIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

AJ.JS-95/VVPNVIPPARTB/REV5CR:CH-D D-10 01/12196 4:14pm 



C.lf''l31.y:: 

:1'rtl,l:':~iMi:::~u1:1.!t:tr-(i.j,rnt-::::2i22!~:::ri:::a::~111dr:::=r?!:::nr~ 

AU5-95/WP/IMPPARTB/REV5CR:CH-D D-11 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

01/12/96 4:14pm 

2 

4 

5 

8 

9 

10 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

35 '-k1itf.lI::::lliirt 
36 

37 

38 

39 

40 

41 

AUS-95/WPMllPPARTB/REVSCR:CH-D D-12 01/15196 8:37am 



\/VIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

9 11~r,g::::q~~~~rft~~?'~l:i~~tstl~:::5~~~:=:µ19µr(J~ 

tl1=::~1HM1!~!~:::!P:e¥ii,'W:~::J1¥e::m@nii!i=:.mrnnBw::11x11,:,wiit!:::999gµf!mri.:::~~m11H1lsa::~m1¥::11nti!o 10 

m1::i9!:::P:m1:n?!:re!:n~:=:rrii::::1:t94~1~;:::::!ent1ei1~1m:m!::,:rii.!1timin~§::::1tfa£Q::::11;rm~H:::::1@i:*::=:e,M9111=::1;: 11 

~1P11mt~(s~:::a~:::n2!::~ee!~:%9::!g~:=m:!im:::r~e!l1i: 12 

D-2 Tank Systems 13 

The WIPP facility does not manage hazardous or TRU mixed waste using a tank system as 14 

defined in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 4.1, Subpart V, 15 

Tank Systems. Tank system regulations are not applicable to the WIPP facility. 1s 

D-3 Waste Piles 17 

The WIPP facility does not manage hazardous or TRU mixed waste using a waste pile as 18 

defined in 20 NMAC 4.1, Subpart I, §260.1 O, and as regulated under 20 NMAC 4.1, Waste Piles. 19 

Waste pile regulations are not applicable to the WIPP facility. 20 

D-4 Surface Impoundments 21 

The WIPP facility does not manage hazardous or TRU mixed waste using a surface 22 

impoundment as defined in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 23 

4.1, Subpart V, Surface Impoundments. Surface impoundment regulations are not applicable 24 

to the WIPP facility. 25 

D-5 Incinerators 26 

The WIPP facility does not manage hazardous or TRU mixed waste using an incinerator as 21 

defined in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 4.1, Subpart V, 28 

Incinerators. Incinerator regulations are not applicable to the WIPP facility. 29 
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D-6 Landfills 

3 The WIPP facility does not manage hazardous or TRU mixed waste using a landfill as defined 
4 in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 4.1, Subpart V, Landfills. 
5 Resource Conservation and Recovery Act (RCRA) landfill regulations are not applicable to the 
6 WIPP facility. 
7 

8 D-7 Land Treatment 
9 

10 The WIPP facility does not manage hazardous or TRU mixed waste using land treatment as 
11 defined in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 4.1, Subpart V, 
12 Land Treatment. Land treatment regulations are not applicable to the WIPP facility. 

13 

14 D-8 Drip Pads 
15 

16 The WIPP facility does not manage hazardous or TRU mixed waste using a drip pad as defined 
11 in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 4.1, Subpart V, Drip 
18 Pads. Requirements for drip pads are not applicable to the WIPP facility. 
19 

20 D-9 Miscellaneous Unit 
21 

22 The WIPP facility is a geologic repository mined within a bedded salt formationfWtil¢.Hfa~ {.fifiB.d 
23 m:::::;r=t::::t!ll§:fjjij\:1:~I:i:~ei.!::::~;:::::1.&.:~g;:~:l:::::~!:::::~JU!!i@Uim!i9!:::::991J,. As such, rtii~§!:[iiill!~h·; 
24 repository ane its l=l\/\JMUs are eligible for permitting as a missellanem.is 1::1nit according to 
25 20 NMAC 4.1, Subpart I, §260.10, and are regulated under 20 NMAC 4.1, Subpart V, 
26 Miscellaneous Units. 
27 

28 The l=l>JVMU that will be lesatee en the s1::1Ffase in the \IVl=U~ is alse eligiele for permitting as a 
29 missellanee1::1s 1::1nit 1::1neer 20 MMAC 4 .1 S1::1bpart V, Missellanee1::1s Unit, S1::1epart X. 
30 

31 D-9a Description of the Miscellaneous Unit 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

The WIPP repository is mined within a 2,000-fGet-fft~ (610-meter Em})-thick bedded-salt formation. 
The underground (miscellaneous unit) is 2, 150 ft (655 m) beneath the ground surface. TRU 
mixed waste management activities underground will be confined to the southern portion of the 
120-acre (48.5 hectares) mined area during the Disposal Phase. This portion has been 
designated as Panels 1 through 8. 1J'laste will be Eiispesee ef in the l=IVIJMUs (i.e., Panels 1 

thre1::1gh s; r;'.ig1::1re o 1). 1rtBIM?lo:tm!::1121.ttf:it1tt:::l!tt1:!:::m1.t1.u:::~1:]it1ln::1t1:11~:::Ra:iml 
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Each pane:ffi~fil!ii111j)!)!~H.m!!S.tf ~ will consist of seven rooms and two access drifts:'i!!!:!;§. Access 
drifts connect the rooms and have the same cross section (see section D Qa[3][e]Qj~:g(~).(f}). 2 

The closure system installed in each HWMU as§tt.@ it is filled will prevent anyone fra·n:;··ente.ri"r1g 3 

the HWMU and will stop ¥in~!B9b]airflow. The .. point of compliance for air emissions from the 4 

underground HWMUs (i.e., the peint •.vhere any releases te the envirenment weuld eccur) is the 5 

facility boundary defined in the Land Withdrawal Act of 1992 (LWA) (Public Law 102-579), which 6 

is the nearest location any member of the public could reside. 1 

TRU mixed waste centainers will be received, unleaded from the shipping centainer 8 

(a Transuranic Paskage Transperter [TRUPACT II] er a shielded read cask), inspeGteel, and 9 

meved te the \/Vasts Shaft fer transfer underground te the undergreund H'IVMUs. 10 

The surface H\/\JMU (a miscellaneeus unit) will censist ef the pertien ef the \/\Jl=IB 'Nhere TRU 11 

mixed v.raste sentainers will be reutinely handled prier te emplasement underground (F'igure D 2). 12 

The spesifis surfase fasilities assesiated 'Nith CH TRU mixed waste handling include an eutdeer 13 

trusk eff leaeling and leading area en the seuth siele ef the \/\A=IB anel the \/\Jl=IB itself. The 14 

TRUPAGT lls will be breught inte the \/\A=IB threugh air lesks designed te maintain \/\/MB pressure 15 

negative with respeGt te atmespheris pressure. Inside the \/\/MB, the area 1Nhere CH TRU mixed 16 

\•.raste sentainers are handled is designateel as a sentrelled area (GA). The CH Bay (where 11 

shipping sentainers [e.g., TRUPAGT lls] are epened and TRU mixed waste sentainers are 18 

remeveel and visually inspested fer any damage) anel an Overpask and Repair Reem (OPRR) 19 

(where sentainers may be everpasked prier te dispesal in the unlikely event ef extemal 20 

radieastive sentaminatien er physisal damage) are lesated in the GA. 21 

The spesifis surfase fasilities assesiated with RH TRU mixed waste handling inslude the RH Bay, 22 

where the shielded read sasks will be eff leaded, and the het cell semplex, where the RH waste 23 

sanisters will be inspected in preparatien fer transfer te the underground H\/\JMUs. The s1:o1rfase 24 

H\IVMU is dissussed in greater detail in SeGtien D Qa(3)(b). Alse in SeGtien D Qa(3)(b), ether 25 

areas in the \/\J.HB are dissussed that will be available sheuld eff nerrnal events ess1:o1r that 26 

interrupt the timely mevement ef TRU mixed waste inte the underground. 21 

Four shafts connect the underground area with the surface. The Waste Shaft headframe and 28 

hoist are located within the WHB and will be used to transport TRU mixed waste, equipment, 29 

and materials to the repository horizon. The waste hoist can also be used to transport 30 

personnel. The Air Intake Shaft and the Salt Handling Shaft provide ventilation to all areas of 31 

the mine except for the Waste Shaft Station. This area is ventilated by the Waste Shaft itself. 32 

The Salt Handling Shaft is also used to hoist mined salt to the surface and serves as the 33 

principal personnel transport shaft. The Exhaust Shaft serves as a common exhaust air duct for 34 

all areas of the mine. 35 

The disposal area (Figure G-4§t::1:;) provides room for 6.2 million subis ft (ft3} (175,460 swbis m 36 

fm3}) of TRU mixed waste, of whfoh 250,000 tt3 (7,075 m3
) may be RH TRU mixed waste. The 37 
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CH TRU mixed waste containers (™p1c.~flK i;seven packs and standard waste boxes [SWBs}) 
2 ~Y be stacked three-high across the width of the room; 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

35 in an interlocking hexagonal pitch. Fig.,.re 0 3 shows the &tasking config.,.ration for seven pasks 
37 anEI S\"Jis. \"A:len 83 gallon (gal) (314 liter [I]) overpasks are .,.see, they will be paskageEI into 
38 fo.,.r pasks anEi plased on the top row only. Ten EiRAm overpasks (TOOP) will be staskeEI one 
39 high on the bottom row only. RH TRU mixed waste canisters and RH TRU overpack canisters 
40 will be inserted into horizontal holes bored into the room and panel walls. A shield plug is then 
41 inserted into the hole to provide radiation shielding. Figure ~f:J.::~: depicts the!i;l\i1,~ RH TRU 
42 mixed waste canister disposal configuration. 
43 

PJ.J5-95/WPMllPPARTBIREV5CR:CH-D D-16 01112196 4:14pm 



'NIPP RCRA Part B Permit Application 
DOE/WlPP 91-005 

Revision 5.2 

Section D-~lQ! provides more ~§mf.!!9:1nformation on the TRU mixed waste handling facilities 
and the repository. The WIPP surface facility, shafts, and repository horizon are shown in 2 

Figure o 4grilill€· 3 

D-9a(1) Site Characteristics 4 

The physical attributes of the WIPP site and its vicinity contribute to the ability of the WIPP 5 

facility to isolate TRU mixed waste and assure that human health and the environment are s 
protected. Geologic studies indicate that the Salado Formation (hereinafter referred to as the 7 

Salado) is free of void space and unsaturated water that could cause dissolution of and create a 
openings within the formation. This eliminates an other.'lise potentialpf,J,rj~[\li'.!~tr:::;~:~:@ transport s 
mechanism for TRU mixed waste migration to the surface or to groundwater. 10 

Detailed studies and evaluations of the natural environmental setting of the repository area have 11 

been part of the site selection and characterization process. The following sections of this 12 

chapter describe the climatic, geologic, and hydrologic characteristics of the WIPP facility and 13 

local vicinity. This information also provides the basis for evaluation of potential migration 14 

pathways in Section D-9a§, Environmental Performance Standards for the Miscellaneous Unit. 15 

D-9a(1)(a) Climate 16 

The WIPP facility is located in a region representing a transition between the northern 17 

Chihuahuan Desert and the southern Great Plains. The average annual precipitation is 1a 

approximately 12 im:hes (in.} (30 centimeters [cm}), half of which is received during summer 19 

thunderstorms. Prevailing winds are from the southeast; however, strong winds are frequent, 20 

especially in the spring, and can blow from any direction, creating windstorms that carry large 21 

volumes of dust and sand. Detailed meteorological data on the site have been collected and 22 

published in the WIPP Annual Site Environmental Report since 1985. The WIPP Site 23 

Environmental Report for calendar year 1993 is provided for information as Appendix D4. 24 

Figure D afir~l! summarizes wind data collected from the Carlsbad, New Mexico, Airport for 1990 25 

to 1994. (This is provided because meteorological data from the Carlsbad Airport was used in 26 

exposure analyses in Section D Qe[3]Qj!§). Appendix D5 provides information on climate 27 

measurements at WIPP. 2a 

D-9a(1)(b) Geology 29 

The WIPP site is situated within the Delaware Basin, which is part of the larger Permian Basin 30 

located in the south-central region of North America. During the Permian period, which came 31 

to a close about 260 million years ago, ancient seas covered the basin. Their later evaporation 32 

resulted in the deposition of a thick sequence of evaporites. Appendix D6 presents a detailed 33 

discussion of the regional geologic history. Three major evaporite-bearing formations were 34 

deposited in the Delaware Basin (see Figure$ G-el!liUiiriddMI§): 35 
·:·=·: :-:-:-:.:0:.:.:-:.:•:0!·!·!·!·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·=·:-:·:·:·. 
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• The Castile Formation (hereinafter referred to as the Castile), which formed through 
evaporation of the Permian Sea, consists of interbedded anhydrites and halite . Its 
upper boundary is at a depth of about 2,825 ft (861 m) below ground surface 
(BGS), and its thickness at the WIPP facility is 1,250 ft (381 m) (see Appendix 06). 

• The Salado, in which the repository is located, overlies the Castile and resulted 
from prolonged desiccation that produced predominantly halite, with some 
carbonates, anhydrites, and clay seams. Its upper boundary is at a depth of about 
850 ft (259 m) BGS, and it is about 2,000 ft (610 m) thick in the repository area 
(see Appendix 06). 

• The Rustler Formation (hereinafter referred to as the Rustler) was deposited in a 
lagoonal environment during a major freshening of the basin and consists of 
carbonates, anhydrites, and halites. Its beds are comprised mostly of clay and 
anhydrite and contain small amounts of brine. The Rustler's upper boundary is 
about 500 ft (152 m) BGS, and it ranges up to 350 ft (106 m) in thickness in the 
area (see Appendix 06). 

19 These evaporite-bearing formations lie between two other formations significant to the geology 
20 and hydrology of the WIPP site. The Dewey Lake overlying the Rustler is dominated by 
21 nonmarine sediments and consists almost entirely of mudstone, claystone, siltstone, and 
22 interbedded sandstone (Appendix 06). This formation forms a 500-ft (152-m)-thick barrier of 
23 fine-grained sediments that retard the downward percolation of water into the evaporite units 
24 below.1 The Bell Canyon Formation (hereinafter referred to as the Bell Canyon), the first 
25 water-bearing unit below the repository (Appendix 06), is confined by the thick evaporite 
26 sequences of the Castile above. It consists of 1,200 ft (366 m) of interbedded sandstone, shale, 
21 and siltstone. 
28 

29 The Salado was selected to host the WIPP repository for several reasons. First, it is regionally 
30 extensive, underlying an area of more than 36,000 square miles (mi2) (57,935 square kilometers 
31 [km2]). Second, its permeability is extremely low, and fluids within it are effectively immobile. 
32 Third, salt behaves mechanically in a plastic manner under pressure (the pressure at the facility 
33 horizon is more than 2,000 pounds fJhtt>er square in. [lb/in.2

] !!iii13,7QQ kilef)assals [k~aJ~ll 
34 lii.IP~imiilMl!l> and moves to fill any opening[t(t@!fifl@[!\l~fii!!!il][[!ifllRl· Fourth, any fluid 
35 remaining in small fractures or openings is saturated with salt, is incapable of further dissolution 
36 and has remained in place for millions of years. Finally, the Salado lies between the Rustler and 
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the Castile (Figure G-7ifnID. which contain highly impermeable layers that further confine and 
isolate waste within @09.::::~§Bi!!!,:::wjttfi\:pa~~1S!\:'the WIPP repository (Appendix D6). 2 

Geomorphology 3 

The terrain of southeastern New Mexico is characterized by a gentle southwesterly slope and 4 

a rolling surface marked by karst features, caliche, and sand dunes. The Pecos River, 12 mi 5 

{mtt-19 kilometers (km}) west of the WIPP facility, is the nearest major perennial stream and 6 

receives almost all of the surface drainage in the region and a large part of its subsurface 1 

drainage (Appendix D6). 8 

The Nash Draw is the nearest major geomorphic feature, located 5 mi (8 km) west of the WIPP 9 

facility. It is an undrained physiographic depression resulting from the differential dissolution of 10 

portions of the Rustler and the upper part of the Salado. Dissolution has also produced 11 

numerous small sinkholes within the Nash Draw. In the immediate area of the WIPP facility, 12 

however, post-depositional dissolution in the Rustler has been minor, reducing its thickness by 13 

a maximum of 30 ft (9 m). There has been no dissolution of the Salado within the WIPP facility 14 

area. 15 

Most of the depressions in the immediate vicinity of the WIPP facility resulted from the erosion 16 

and deposition of windblown sand, not from the dissolution of underlying evaporites. Evaporite 11 

dissolution in the area is not occurring at the WIPP site today, and its future occurrence is highly 18 

improbable under foreseeable climatic conditions because: 19 

• There is relatively little rainfall, and approximately 96 percent of the precipitation 20 

is lost through evapotranspiration. 21 

• Geologic formations above the Salado act as confining layers, with extremely low 22 

transmissivity preventing infiltration of surface water. 23 

In addition, the Mescalero caliche is laterally continuous at the WIPP site and in surrounding 24 

areas. Formed during the mid-Pleistocene time, the presence of the caliche indicates the 25 

absence of significant erosion or deeper intrusion of rainwater, creating one of the most stable 26 

landscapes in the world. At the WIPP facility, the caliche is about 10 ft (3 m) thick, and where 21 

it is well developed, most available porosity in its upper zone is plugged with calcium carbonate 28 

to form a nearly continuous additional barrier to the downward infiltration of the small amount 29 

of precipitation that falls in the area. (Appendix D6 provides an in-depth discussion of the 30 

existing and future dissolution features of the WIPP site area.) 31 

32 
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1 Geologic Stability 
2 

3 No surface faults have been mapped within 5 mi (8 km) of the center of the WIPP facility, and 
4 no faults have been exposed in the underground openings or intersected in WI PP boreholes. 
5 Surface faults beyond 5 mi (8 km) are related to the dissolution and collapse of soluble materials 
6 rather than to tectonic activity. Deep-seated faults of tectonic origin are present throughout the 
1 Delaware Basin, but movement along these faults ceased well before deposition of the evaporite 
8 units. The Bell Lake Fault, 15 to 20 mi (24 to 32 km) east of the site, is the closest fault to the 
9 WIPP facility, with approximately 500 ft (152 m) of displacement. Tectonic folding is absent in 

10 the area of the WIPP site. Some thickening of the Salado is associated with gravity-driven salt 
11 movement in the Castile. (Appendix D6 describes in detail the local and regional geologic 
12 structure and faulting in the Delaware Basin and provides a complete discussion of seismology 
13 in the vicinity of the WIPP facility.) 
14 

15 D-9a(1)(c) Groundwater Hydrology 
16 

11 The Salado was selected as the host geologic unit because it is hydrologically isolated and 
18 because of the plastic nature of the salt. The general hydrogeology of the area surrounding the 
19 WIPP facility is described in this section starting with the first geologic unit below the Salado. 
20 Appendix D6 provides more detailed discussions of the local and regional hydrogeology. 
21 

22 The Castile Formation 
23 

24 The Castile is a basin-filling evaporite sequence of sediments surrounded by the Capitan Reef. 
25 The Castile represents a major regional groundwater aquiclude that effectively prevents upward 
26 migration of water from the underlying Bell Canyon. Fluid present in the Castile is very restricted 
21 because evaporites do not readily maintain pore space, solution channels, or open fractures at 
28 depth. Drill-stem tests conducted in the Castile during construction of the WIPP facility found 
29 its permeability to be lower than detection limits; however, the hydraulic conductivity has been 
30 conservatively estimated to be less than 1 o-a ft per day. A description of the brine reservoir that 
31 is known to exist in the Castile is provided in Appendix D6. 
32 

33 The Salado Formation 
34 

35 The Salado is an evaporite sequence that filled the remainder of the Delaware Basin and lapped 
36 extensively over the Capitan Reef and the back-reef sediments beyond. The Salado consists 
37 of approximately 2,000 ft (610 m) of bedded halite, with interbeds or seams of anhydrite, clay, 
38 and polyhalite. It acts hydrologically as a regional confining bed and does not contain 
39 circulating fluids. The porosity of the Salado is very low, and interconnected pores are vi~ally 
40 nonexistent at th3 depth of the facility horizon. Fluids associated with the Salado occur mainly 
41 as very small fluia inclusions in the halite crystals and also occur between crystal boundaries 
42 ("interstitial" fluid) of the massive crystalline salt formation; fluids also occur in clay seams and 
43 anhydrite beds. Permeabilities measured from the surface in the area of the WI PP facility range 
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from 0.01 to 25 microdarcies. The most reliable value, 0.3 microdarcy, was obtained from well 1 

OOE-2. The results of permeability testing at the facility horizon are within the range of 0.001 2 

to 0.01 microdarcy. As a comparison, the permeability of the Salado is roughly a thousand times 3 

more restrictive than the lower clay liner required of surface impoundments and landfills, 4 

assuming similar thicknesses. The results of recent testing suggest that permeabilities in 5 

undisturbed rock salt may approach zero (see Appendix 06). 6 

Several features of the Salado have been extensively evaluated with regard to their potential 1 

impacts on repository integrity. Those of significance include: 8 

• Pressurized Gas-Pressurized gas has been encountered within the Salado in 9 

:surface boreholes, local mines, and WIPP facility excavations. Because gas has 10 

only been encountered in disturbed rock associated with drilling and excavation, it 11 

iis likely the gas exsolved from brine as surrounding pressure was relieved. 12 

13 

• Brine Seepage-The brine seeps observed in the WIPP facility excavations have 14 

received considerable attention. While the Permian salt beds of the Salado are 15 

considered to be dry in that the inflow of brine is virtually nonexistent, very small 16 

volumes of brine are observed to weep from exposed surfaces immediately after 11 

excavation. The rate of inflow is noted to decrease with time (see Appendix 06). 18 

The brine is not derived from inclusions but from interstitial fluid. The moisture 19 

readily evaporates, leaving behind thin salt crusts. For this reason, no natural brine 20 

accumulation is anticipated within the HWMUs prior to their closure. 21 

• ,Disturbed Rock Zone-Following the excavation of underground openings at the 22 

WIPP disposal horizon, a disturbed rock zone (ORZ) forms in the wall, roof, and 23 

floor. The ORZ is defined as the zone of rock in which mechanical and hydrologic 24 

properties have changed in response to the excavation. The potential impacts of 25 

the ORZ have been investigated with regard to maintaining excavated openings 26 

during operations. Ground-control measures (rock bolting) will be implemented as 21 

necessary to minimize any adverse impacts from the ORZ. Appemlices oe anEI E1 28 

pF011iEle FRSFe infeFFRatien en the ORZ. 29 

The Rustler/Salado Contact 30 

The contact between the Rustler and the Salado is evidenced by a layer of thinly bedded clay 31 

and brecciated gypsum. This brecciated zone is seen in the shafts at the WIPP facility, but it 32 

is not water-bearing and is not a factor affecting the containment of TRU mixed waste at the 33 

WIPP facility. Appendix 06 presents a detailed discussion of the hydrogeology of the 34 

Rustler/Salado contact in the WIPP site area. 35 
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1 The Rustler Formation 
2 

3 The Rustler has been the subject of extensive characterization activities because it contains the 
4 most transmissive hydrologic units overlying the Salado. Within the Rustler, five members have 
5 been identified. Of these, the Culebra is the most transmissive and has been the focus of most 
s of the Rustler hydrologic studies (see Appendix D6). 
7 

8 The Culebra is the first continuous water-bearing zone above the Salado and ranges up to 30 ft 
9 (9 m) in thickness. Water in the Culebra is usually present in fractures and is confined by 

10 overlying gypsum or anhydrite and underlying clay and anhydrite beds. Its hydraulic gradient 
11 in the area of the WIPP facility is approximately 20 ft per mi (6.1 m per km) and becomes much 
12 flatter south and southwest of the site (Figure G-3t.81.$). Transmissivities in the Nash Draw 
13 range up to 1,250 sq~are ft (ft2~ (116 sq~are m fm2})"""j;·~r day; closer to the WIPP facility, they 
14 are as low as 0.007 to 74 ft2 (0.0007 to 7.0 m2

) per day. The Culebra is hydrologically confined, 
15 and testing indicates no significant leakage between it ;nd other units (see Appendix D6). 
16 

11 Use of water from the Culebra is quite limited because of its varying yields and high salinity. The 
18 Culebra is not used for water supply in the immediate WIPP site vicinity. Its nearest use is 
19 approximately 7 mi (11 km) southwest of the WIPP facility, where salinity is low enough to allow 
20 its use for livestock watering (shown~)!)fqij)§iimP:l'=l!@j!:~lllj£!11 in Figure D QQ!:lj:f). Appendix D6 
21 provides a detailed discussion of the hydrologic characteristics of the other Rustler members and 
22 the Dewey Lake, which lie& above the Rustler. 
23 

24 D-9a(1)(d) Surface-Water Hydrology. 
25 

26 The mean annual precipitation in the vicinity of the WIPP facility is approximately 12 in. 
21 (0.305 m), and mean annual runoff is up to 0.2 in. (0.5 cm). The maximum recorded 24-hour 
28 (hr) precipitation at Carlsbad was 5.12 in. (0.13 m) in August 1916. The potential evaporation 
29 is much greater than the annual precipitation. Most of the water that infiltrates the surface soil 
30 is retained above the extremely impermeable Mescalero and then is lost through 
31 evapotranspiration. 
32 

33 No natural drainage features exist at the WIPP site, which is situated more than 400 ft (122 m) 
34 above and 12 mi (19 km) east of the 100-year floodplain of the Pecos River. A few small 
35 unnamed drainage channels constitute all the tributaries to the Pecos River within 50 mi (80 km) 
36 north or south of the site. 
37 

38 There~!: no major surface-water beeiesp§l.l located within 40§ mi (~ km) of the WIPP 
39 facility. However, beyond 10 mi (16 km), several water bodies lie to the north and south of the 
40 site. The largest of these, the Laguna Grande de la Sal, located southwiit of the site, is several 
41 square miles (mi2) in area and is a catchment basin for limited surfa~~,.,.d,rainage and artesian 
42 saline springs. 
43 
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Although large floods have occurred on the Pecos River, probable maximum flood calculations 1 

predict maximum flood levels on the Pecos near the WI PP facility to be near the levels of the 2 

modem floodplain. The horizontal and vertical separations between the Pecos River floodplain 3 

and the WI PP facility are great enough that the Pecos River cannot affect the surface structures 4 

of the WIPP facility. The elevation at the WIPP is 2,938 ft (895 m), which is about 500 ft (152 m) 5 

above the river bed and over 400 ft (122 m) above the maximum flood stage. (See Appendix 06 6 

for more information on this topic.) 1 

The drainage patterns at the WI PP facility are such that normal surface runoff from areas north, 8 

south, and west of the surface facilities drains westward without affecting the site structures. 9 

Surface runoff during intense precipitation events could potentially pass through the site from the 1 o 
east; however, storm-water runoff is diverted away from the surface facilities by a system of 11 

berms and ditches. The WIPP facility drainage system is designed so that storm runoff due to 12 

a probable maximum precipitation event would not flood the WIPP facility (see Appendix 07). 13 

Appendix 06 presents a detailed discussion of the local and regional surface-water hydrology 14 

and water quality. 15 

0-9a(1)(e) Soils 16 

Regionally, soils in southeastern New Mexico developed from Quaternary and Permian parent 11 

material. The parent material from the Quaternary system is represented by alluvial deposits of 18 

major streams; dune sand, which is the dominant surficial deposit in the immediate area of the 19 

facility; and other surface deposits. These are mostly loam and sand sediments containing some 20 

coarse fragments. Parent material from the Permian system is represented by limestone, 21 

dolomite, and gypsum bedrock. 22 

There are three soil associations within 5 mi (8 km) of the facility. Of these, only the 23 

Kermit-Serino association occurs at the facility. Generally, a hard caliche layer occurs at 7 to 24 

13 ft (2 to 4 m) below the surface. The Serino series, which covers about 50 percent of the 25 

area, consists of deep, noncalcareous yellow-red to red sand soils that developed in wind-worked 26 

material of mixed origin. These soils occur as gently sloping (up to atnte! percent slope), 21 

undulating to hummocky areas and are the most extensive of the deep sandy soils in the Eddy 28 

County area. 29 

The Kermit series is made up of deep, lightly colored, noncalcareous, excessively drained loose 30 

sands, typically fine and yellowish-red in color. The surface is undulating (up to 3:tll! percent 31 

slope) and consists primarily of stabilized sand dunes. Kermit soils are slightly to moderately 32 

eroded. Permeability is very high, and the potential for wind erosion is very high in denuded 33 

areas. Appendix 06 provides additional information concerning the area's soils. 34 
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D-9a(1)(f) Air Quality 

3 An ambient air-monitoring program was initiated at the WIPP site in 1985 to establish an ambient 
4 air-quality baseline. In October 1994, the DOE made a dstermination that adequate baseline 
5 data had been gathered, and on October 30, 1994, the Ambient Air Monitoring Station (AAMS) 
6 was taken off-line. The AAMS was not used to gather regulatory or compliance data. WIPP 
1 Project staff useg the Hazardous Air Pollutant Inventory to evaluate potential air emissions 
8 related to permitting requirements under the Clean Air Act, the Clean Air Act Amendments, and 
9 the New Mexico Air Quality Control Commission regulations. 

10 

11 D-9a(1)(g) Biological Community Structure 
12 

13 In general, the biota of the region represent a transition between the northern Chihuahuan 
14 Desert and the southern Great Plains and are dominated by shinnery oak (Quercus havardii), 
15 sand sage (Artemisia filifolia), honey mesquite (Prosopis glandulosa), and perennial grasses. 
16 Extensive root systems of the dominant species provide stability to the erodible dune soil. 
11 Mammal species counted during trapping sessions include the Ord's kangaroo rat (Dipodomys 
18 ordii), the Plains pocket mouse (Perognathus flavescens), the northern grasshopper mouse 
19 (Onchomys leucogaster), the Southern Plains woodrat (Neotoma micropus), the white-footed 
20 mouse (Peromyscus leucopus), and the deer mouse (Peromyscus maniculatus). 
21 

22 This area of southeastern New Mexico is unusual in that it supports a large population of raptors 
23 (birds of prey), particularly Harris' hawks, which reproduce more successfully here than in other 
24 parts of their range. A DOE-supported project was initiated in March 1985 to study the 
25 population dynamics, behavior, and strategies for management of raptors in the area around the 
26 WIPP facility. Consultations with the U.S. Fish and Wildlife Service and the New Mexico 
21 Department of Game and Fish regarding threatened and endangered species in the WIPP 
28 vicinity were held in 1979 and again in 1989. These consultations concluded that no state or 
29 federally listed threatened or endangered species or critical habitat is projected to be impacted 
30 by the construction and operation of the WIPP facility. Appendices D4 and D5 provide detailed 
31 discussions of the local biological community. 
32 

33 D Qa(2)(a) Description of VVaste ana Containment 
34 

35 The total volume of TRU mi*ed waste that may be received for emplacement dwring the 
36 Disposal Phase is limited ey Public law 102 57Q to 6.2 million ft: (175,460 m:~ 
37 

38 The DOE has aetermined that TRU mi*ed \•taste to be recei•1ed at the \AAPP facility 9*ists in a 
39 variety of physical forms, ranging from l,,lnprocessed laboratory trash (e.g. tools, paper, 
40 glassware, glo•1es) to solidified 'A'astewater treatment sludges. TRU mi*ed waste results from 
41 plutonium reprocessing and fabrication as v~ll as from research and de•1elopment activities at 
42 variol::ls DOe defense program facilities. In the fl::lture, significant quantities of TRU mixes ·.ti.iaste 
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may be generated frem envirenmental restoration, secontamination, ans decommissioning 1 

activities. \",taste characterization is described in Chapter C of this permit application. 2 

The DOe is requesting a permit to dispose of 6.2 million tt: (175,460 m3
) of CH ans RH TRU 3 

mixed waste in the undergrmmd HVVMUs sesignated as Panels 1 threugh 8. 4 

D Qa(2)(b) TRU Mixed '!Vaste Management Operations 5 

Prior to receipt of TRU mixed waste at the \OAPP facility, waste operators will be thoroughly s 
trained in the safe use of TRU mixed 'A<aste handling and transport equipment. The training will 1 

include bath classroom training and on the job training. a 

D Qb \l\laste Characterization 

TRU mixed v.·aste characterizatian is described in Chapter C. 

9 
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2The HAZOP in the WIPP SAR only evaluated CH TRU waste. However, the manner in which RH TRU waste is 35 
managed (i.e., either in the Hot Cell Complex, or in special shielding equipment like the facility cask), the isolation 36 
features of the facility for RH TRU are the same as those for CH TRU. 37 

AUS-95/WP/INIPPARTB/REVSCR:CH-D D-29 01/12196 4:14pm 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

W1PP RCRA Part B Permit Application 
OOEJWIPP 91-005 
Revision 5.2 

AU5-95/WPIW1PPARTB/REV5CR:CH-O D-30 01/12196 4:14pm 



AU5-95flNP/WIPPARTB/REV5CR:CH-D D-31 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

01/12196 4:14pm 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
41 
42 

WlPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

ALJ5-95/WP/W1PPARTB/REV5CR:CH-D D-32 01/12196 4:14pm 



AU5-95/WPIWIPPARTB/REV5CR:CH-D D-33 

VVIPP RCRA Part B Permit Application 
DOEJ\/VIPP 91-005 

Revision 5.2 

01/12196 4:14pm 

1 

2 

4 

5 

7 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
34 
35 
36 
37 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
37 
38 
39 
40 
41 
42 
43 
44 

W1PP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

PJ.JS-95/WP/WIPPARTBIREVSCR:CH-O D-34 01/12196 4:14pm 



AUS-95/WPIWIPPARTB/REVSCR:CH-D D-35 

VVIPP RCRA Part B Pennit Application 
OOEiWIPP 91-005 

Revision 5.2 

01/15196 8:37am 

5 

10 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

30 

32 

33 

34 

35 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

AUS-95/WPIWIPPAATB/REVSCR:CH-D D-36 01/15196 8:38am 



O Qa(2)§tjjjp~: Process Description 

Overview 

WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

8 

9 

10 

The subject of this permit application is the management of TRU mixed waste during Disposal 11 

Phase operations. TRU mixed waste handling and management practices are summarized in 12 

this section. A detailed description of the facilities and systems associated with managing this 13 

waste is provided in Section D-9a(3). Specific container types are discussed in D-9a(3)(g). 14 

15 
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_911,_~ 
s!!§~t:S'.t:!!mmr::fin:::1~uet!4.sn~Jln]!n1:w~i~n~!MeQ:Jn!rt:11in!f:::m!nm~n!:':P:r::t.tPrrf:~nm;@en11:::e1n11 9 

~mun~tmmn111::::1en!!snns.:::::12em':::(91;1n 10 

mimmmn;:::::in1::::Jm1n::1mm!in114.n11~:::::m@:::::~@mP!lt'::::reem~;:::::1.11::::m:::::21:mtw11t::@a11t em 13 

n@~!Pr.1:@mnMmr1ns.::::m1::::~nt111r::~1r1110.:'::m1:::::11~1m1rem11=1::::1e11r:':!n9:::;10m@?:lnI9f~:gg~9 14 

s!i~~:::s!n!IJsr:::eear;: 15 

mti1~n2~:::::m~~~qi~t.~!~?.::::~~~~~::;:M~~~1~~~~~::::Qe~~?.9.?~ 16 

1~2r:::~m::::r1smeu:mufmm:;:::m1~i!::::m1~1t1t:m11nmm1Mt!P:1111~:::::1@11::':9.P:-:''::r1!~I21:nnm,11.1nm 11 

a1n!e:::r1::lQ1:::!a::m1!':!~':111:::m~§!1::m!11:::ml!m1;::@11.:::111es1:'::~9.9.!ime1;:::::::11!::~1m11::m1j, 18 

!m1He1::::~1a:::91§199m,:::mmn1.::::g1:::P:mr=m1rmR:::li!m!na~ 19 

20 

The WI PP facility operational philosophy is to introduce no new hazardous chemical components 21 

into TRU mixed waste or TRU mixed waste residues that could be present in the ~lid 22 

al.GA. This will be accomplished through written procedures and the use of Safe Woi'.k'.'p;'~"jt;· 23 

(SWP}9 and Radiological Work Permits (RWP}.10 The purpose of this operating philosophy is to 24 

9SWPs are prepared to assure that any hazardous work (not already covered by a procedure) is performed with due 25 
precaution. SWPs are issued by the WIPP Industrial Safety Section after a job supervisor completes the proper form 26 
detailing the job location, work description, personnel involved, specific hazards involved, and protective requirements. 27 
The Industrial Safety personnel review the form, check on the adequacy of the protective measures, and if sufficient, 28 
approve the work permit. Conditions of the SWPs must be met while any hazardous work is proceeding. Examples 29 
of activities covered by the SWP program include confined space entry, overhead work, and work on energized 30 
equipment. 31 

10RWPs are used to control entry into and performance of work within Controlled Areas ~Qi). Managers responsible 32 
for work within a CA must generate a work permit that specifies the work scope, lirii"ftiii"g conditions, dosimetry, 33 
respiratory protection, protective clothing, specific worker qualifications, and radiation safety technician support. RWPs 34 
are approved by the Radiation Protection Section after thorough review. No work can proceed in a CA without a valid 35 
RWP. ~ 
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avoid generating TRU mixed waste that is compositionally different than the TRU mixed waste 
2 shipped to the WIPP facility for disposal. 
3 

4 Some additional TRU mixed waste, such as used personal protective equipment, swipes, and 
5 tools, may result from decontamination operations and off-normal events. Such waste will be 
6 assumed to be contaminated with RCRA-regulated hazardous constituents in the TRU mixed 
1 waste containers from which it was derived. Derived waste may be generated as the result of 
8 decontamination activities during the waste handling process. ShiUJififiiiintimlfititii.irfii~i 
9 11::::reBtmn1!:11:Iat1I:i,am::i~tim!1t:~mei:rmmt.1::;::1@m1n1~:::w;~I:§@ii\!ii~iii!i:i!i::i::B~';;~;~r·,;;;i;·:·:·:1Ir'h; 

10 considered acceptable for management at the WIPP facility, because any TRU mixed waste 
11 shipped to the facility will have already been determined to be acceptable and because no new 
12 constituents will be added (see Section C-6). Data on the derived waste will be entered into the 
13 \!\APP \l\'aste Information System ~!::;database. Derived waste will be contained in standard 
14 U.S. Department of Transportation (DOT} approved Type A containers. 
15 

16 The Safety Analysis Report for packaging requires the lids of TRU mixed waste containers to be 
11 vented through high efficiency partic1::1late air (HEPA}-grade filters to preclude container 
18 pressurization caused by gas generation and to prevent particulate material from escaping. 
19 Filtered vents used in \11APP CH TRU mixed waste containers (55-gal {E208-LU drums, 83$.-gal 
20 ~~Iii' Lt) drums, ten dNm e\•erpacksffill!r!~ and SWBs) have an orifice approximately 0:·375_ 
21 in. (9.53-millimeters [mm]) in diameter through which internally generated gas may pass. The 
22 filter media is manufactured from composite carbon. 
23 

24 As each derived waste container is filled, it will be closed with a lid containing a carbon-
25 composite HEPA-grade filter and moved to a HWMU using the same equipment used for 
25 handling TRU mixed waste. lndivid1::1al aerivea waste containers 'lw«ill be transpertea 1::1nsergreblns 
21 for disposal when the 55 gal (314 b ) vel1::1me limit fer the acc1::1m1::1latien of hazarde1::1s waste at 
28 a satellite accblm1::1lation area (a location at er near the point of generation where containers may 
29 be fillea e·1er time ans that is 1::1naer the centrel of the waste generator) is eKceeses. 
30 

31 \l\'aste containers will be kept closes eKcept when seri•1ed waste is being asses er reFAeved. 
32 A maKiFRblFR ef 55 gal (2Q8 b) ef hazaree1::1s waste FAay be FAanageEI at a satellite ascblFRbllatien 
33 area. If FAere than 55 gal (2Q8 b) of hazaree1::1s FAiKeEI waste is asc1::1m1::1lateEI at a satellite 
34 aecblm1::1latien area, the excess (i.e., that in eKsess of 55 gal (2Q8 L]) mbl&t be FAeveEI te a 
35 permittea 1::1nit (i.e., 1::1ndergre1::1nd Fl'.t\IMUs) within three days. 
36 

37 EJ!i(fi(IJ:\ CH TRU Mixed Waste Handling 
38 

39 The CH TRU mixed waste handH:ig process is illustrated in Figure B-4. CH TRU mixed waste 
40 will arrive by tractor-trailer at the VVIPP facility in sealed shipping containers (e.g., TRUPACT-lls) 

41 (see Figure D 1 om1?n:::::1!:!1§!m!i:lmliiii!l!XiliW!l!iiiiPi;Uf.Uiili§l§,yftl)i!iim!U!flll!tmsm::::1tJBltt! 
42 §tiilllieil911m!l1§9i)f:l:if:Rt· \IVhen initial ses1::1rity checks are ceFApleteEI, the TRUPAGT lls 
43 ,...,ill be taken to the se1::1th side of the \AJ.MQ where external rasielegisal s1::1p.•eys will be perfeFFRed. 
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A forklift will remove the TRUPACT-lls and will transport them a short distance through an air 
lock that is designed to maintain differential pressure in the WHB. The forklift will place the 2 

shipping containers at one of the two TRUPAGT II ~nloading docks (TRUDOCKj} inside the 3 

WHB where an external survey of the TRUPACT-11 inner vessel (see Figure ~II will be 4 

performed as the outer containment vessel lid is lifted. The inner vessel lid will be lifted under 5 

the TRUDOCK vent hood system (VHS}, and the contents will be surveyed during and after this s 
lift. The TRUDOCK VHS11 is attached to the TRUPACT-11 for appro>Eimately 30 min~tes (min). 7 

~ provide& atmospheric control and confinement of headspace gases at their source. It also a 
prevents potential personnel exposure and facility contamination due to the spread of 9 

radiologically contaminated airborne dust particles and minimizes personnel exposure to voes. 10 

All contamination surveys at the WIPP facility are based on the concept of co-detection. 11 

Co-detection is used to describe the detection of releases from containers by virtue of detection 12 

of radioactive contamination (see Appendix 13). Co-detection applies to all releases except the 13 

release of gaseous VOCs from TRU mixed waste containers. Co-detection provides the WIPP 14 

facility with a very sensitive method of detecting the release of nongaseous hazardous 15 

constituents through the use of surface sampling (swipes) and radioactivity counting. 16 

If contamination is detected, the TRUPAGT II may be sealed ~ntil a determination is made as 11 

to how to proceed. Qepending on the amo~nt and nat~re of the radioactivity and the area that 1s 

is contaminated, the options incl~de: 1) decontaminating in sit~. 2) moving the TRUPAGT II to 19 

the OPRR for greater contamination control and decontamination, or 3) sealing the TRUPAGT II 20 

and shipping it back to the generating storage site. The determination of disposition '.¥ill ~e 21 

made by \'Vaste Handling Operations in cons~ltation with Operational Health Physics. 22 

~ns1r:::::m1rm1t::::111111n!~::::::1:::::1§]:nm:::::11P1m1::::::11t:::::rt•¥~11:1!!i!t111::::::12n~im~91f:tmill]!mi 23 

!mm111::111i.11::Pr::!!1::11~1!!:::1?:at1~rn1rf::::11[s1::in::!x#!!!l:P~l!~1:::;m1!!:::~:::r!!i!!1:::m111:::~1:;1¥.~: 24 

11The TRU mixed waste container headspace may contain radiologically contaminated airborne dust particles. 25 

1. Without the TRUDOCK VHS, a potential mechanism will exist to spread contamination (if present) in the 26 
immediate CH TRU mixed waste handling area, because lid removal will immediately expose headspace gases 27 
to prevailing air currents induced by the building ventilation system. 28 

2. Wrth the VHS, a confined and controlled set of prevailing air currents will be induced by the system blower. The 29 
TRUDOCK VHS will function as a focal exhaust system to effectively control radiologically contaminated airborne 30 
dust particles (and VOCs) at essentially atmospheric pressure conditions. 31 

Functionally, the TRUDOCK VHS will draw the TRU mixed waste container headspace gases, convey them 32 
through a HEPA filter, and ultimately duct them through the WHB exhaust ventilation system. VOCs will pass 33 
through the HEPA filter and will be conveyed to the ventilation exhaust duct system. The system principally 34 
consists of a functional aggregation of 1) vent hood assembly, 2) HEPA filter assemblies (to capture any airborne 35 
radioactive particles), 3) blower (to provide forced airflow), 4) ductwork, and 5) flexible hose. 36 
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40 12The unit "dpm" stands for "disintegration per minute• and is the rate of emission by radioactive material as 
41 determined by correcting the counts per minute observed by an appropriate detector for background, efficiency, and 
42 geometric factors associated with the instrumentation. 
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8 Written procedures specify materials, protocols, and steps needed to put an object into a safe 
9 configuration for decontamination of surfaces. A RWP will always be prepared prior to 

10 decontamination activities. TRU mixed waste products from decontamination will be managed 
11 as derived waste. 
12 

13 The TRUPACT-11 may hold up to two sevenf~packs, two SWBs, or one ten drum everpack<TD.119 . 
. ·.·•·• ·:·:·:·x-;o;.:.:·:·:·:·:·:·:·:· 

14 An overhead bridge crane will be used to remove the contents of the TRUPACT-11. After setting 
15 the centents en a faciiity pallet, each seven pack er SWB 'lJill ee swrveyed fer radieastive 
16 cantaminatien and decentaminated if necessary. 
17 

18 For inventory control purposes, TRU mixed waste container identification numbers will be verified 
19 against the Uniform Hazardous Waste Manifest and ether shipping Elacwmentatiantfi&lnlS. 

:·:·;.x~<<·X·X·:·:·:-: 

20 The manifest identificatien cedes will ee checked against the identificatien cedes ef the 
21 cantainers received. Inconsistencies will be resolved with the generator before TRU mixed waste 
22 is emplaced. If incensistencies cannet ee reselved within 24 hr, the TRUPAGT II and waste 

Cnnta·1ners 1.·.··111 he sh'1 ed hack te the enerater.1stera e s·1te.rs.·,;:.·.1· .,,,'.''.'"."'.·.:."'''.'::·=.~~.·,,.,,,. ... ,:''••.·"~.''.=.·;·w.· ........ ,~.';';.~.""''~.· ..... ,.,,,,·,.·,,·~,"'=.=·=·=:~,,~,·.'.""'~·=""".:.~ .. ,"'" ....... ,.,.,.'.ii.I 
23 ... "" pp ti"" g "' g 8,,.m!~nm~~JUH!.f!:~!tM:~;\~~fm!!!:RH: 
24 m1a1:::1t§11111::::\111~:::::meu1t::::11::::~11:Im1:11:::::1n:::;1r;eeeiitimt1g::::mr.1@11~1:~:::::m111t:ml:l1~ 
25 i.ellifilg;~ 
26 

21 Each facility pallet has two recessed pockets to accommodate two sets of &e\•en:(-packs, two 
28 sets of ~packs or two SWBs stacked two-high, or two ten drwm e•1erpacksffiOBi. Each 
29 stack of wa'~te Eill!lr!drwms and the TOOF>& will be strapped dewn ta fg~;·'"t;';i·~:~g ears 

30 recessed inte the tep ptate ef the tacmty pa11etf!.l!l!lU!m!tim~ii!l§!eBI~snl!f.ill~ .. il <see 
31 Figures 0 12@!£1and43!lf[l:Q). The pallets fer handling Sl."J.Qs have eelt hales in the tep plate 
32 te ·.vhich fewr held dewn plates can ee attached. If the S'J'J.Qs are stacked twa high, tie dawn 
33 straps will ee wsed te strap the S\l\Lis te the helding ears in the tep plate af the facility pallet. 
34 A forklift will transport the loaded facility pallet to the conveyance loading car inside the air lock 
35 at the Waste Shaft. The conveyance loading car will be driven onto the waste hoist deck, where 
36 the loaded facility pallet will be transferred to the waste hoist, and the loading car will be backed 

31 ott.~::::::1tntBlt.IIiltlllii1EII¥11111§8!~11lllll&Iltltlli::::lll§f!ilflliii!l1iijllllliji-tifll! 
38 illlll!iilIBII!§iitltll~i::fiJa!SJ!!lfMII!Wfimf.D~IiiiliUll!lfllllll!~U!llfll·,··~tt.1.l!m!nlfll§ 
39 lim::;:~~!l!~f:lli.i\l\l:Dti:!l!Bl~ 
40 

41 The waste hoist will lower the loaded facility pallet to the underground. At the waste shaft 
42 station, the CH TRU underground transporter will back up to the waste hoist cage, and the 
43 facility pallet will be transferred from the waste hoist onto the transporter (see Figure C 14lt§J). 
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The transporter will then move the facility pallet to the appropriate 9.fl!f.it§@.Jg::J:JHWMU for 1 

emplacement.. 2 

Ferklittsdtf9i!liJff:i~l~iiJ1Y!MQi:jg!~[!@li:l~!l!'§llS will be used to remove the waste containers 3 

from the facility pallets and to place them in the H\flJMUfi'.fi!~t::::mwMM!W9I@Uam9['i@l~!I~- 4 

;;2ii:iitit::~~:;i,m.:~!~,:~@~1i~'-~'=~i;,eiimi~:~~l::li1i~qt~'~11.1i11~1ii1~~~~~~~119! : 
an HV\JMU and will be closed off when filled. If a waste container is damaged during the 1 

Disposal Phase, it will be immediately overpacked or repaired. CH TRU waste containers will a 
be continuously vented. The filter vents will allow aspiration, preventing internal pressurization 9 

of the container and minimizing the buildup of flammable gas concentrations. Gentainer 10 

management in the repository is discussed in Section D Qa(3)(g). 11 

W•Y~:::: 14 

~:rn:::::::::::11:::mmP:!!S!mt:au:e11m.!~:::g1mf:!me11.Gim!:n\::;.n,\t:99.i§:::ne~:mnflai::::wffl::::m11.1e1t 15 

16 

t:::ii1mr9:mstmeu::rgr:::gft:Jri~~!:J!i:::g;11::::s.mmrn\lmt::1!1R::::1:::::e!m~~::::1m-;::::s.1¥~:::::1::::s.m::rn>:1r 17 

n111::::1@t9.lm!:::·ei:r:':ei~~11 18 

s:i:::::::::mii:::Ream¥:::2t:::!:::2111~:::~1:::1:'=::;~ge::11~mM: 19 

Yfi!~tt!!if:li@§l!IP!!!h!W.i!i~i!llfill!lf!?KJ.ill!!,g§!]Mf:fjfif:!9.~AAtl9!ifmgmi::m::1mil~~H:1:1=JBml. 20 

1.I11:::::11:11n!::::::s211ns.mm£~fa::t9r::::min!~nim:::::s11¥!:::::1.ms::::Mm1:::::~~t:::~r1n!i!!a:::::r.1:00::::::2a!:n111::::::i9 21 

Batm!r~:::~H1::M1imi1S:::11\::!::,ei.m@1::11=@:J~1:::11.l!:::g~:~::v1m:::m11r::!mmmi!m!m~:::r1:::~m•1m::1e11~ 22 

S1ili!r!~::1a::::ant11•:::im~m::::11:::p,1r19rt::::::m11n::::Jn:;:p,1§e111:m::11~:11m1~•:::m:i:r!§1111::::11Imimn11 23 

:ia:::9111~ 24 

Figure D-~ is a flow diagram of the CH TRU mixed waste handling process. 25 

!11!@\li{f.li .RH TRU Mixed Waste Handling 26 

The RH TRU mixed waste handling process is illustrated in Figure 049$:7. RH TRU mixed 21 
·=·=·:-:·=·:-

waste will arrive at the WIPP facility in a shielded road cask loaded on a tractor-trailer or in a 28 

railroad cask loaded on a railcar. Figure D-4738. is a flow diagram of the RH TRU mixed waste 29 
·:·:·:·:·:·:-

handling process. 30 

Upen arri•1al the shipment will be s1:.1rveyed fer radiation dose rates for establishes '.DJIPP fasility 31 

limits, and security checks will be performed. If the shielded read cask is within established 32 
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limits, it will be taken to a CA, and contamination SYP1eys will be perfurmes. If no contamination 
is foyns, it will be transported into the Rl=I side of the 'PA=IB. If tests reveal contamination, it will 

l!i!~t:1=:M:111111~:::m~:::91,:::1r,19~e,::'!e::=:r~11111::::!~1:::111~::::I:21ai11:::=12111aai~u111;,11::::'*=~m~J.i::mm• 
~1!:::u~nn:::attt!mJml!!:!ilt!~~l!::::~m;~1t.1."tt=:::11:v1~~anw:i:tl!1:::S11K:::1n~11.J!tln!aB.::im1mrrw11:~11 

et:::m!::::1rP:11:I~1rs::::1n2::::~r!m:1eenI~r11J,"r~:::::::::m:11:::::s1e!lam:1::~1;,nl!:1:::11~1:::::1n::::1::::ngt1!'.1111111111i!1 

13 In the RH Bay, the shielded cask will be unloaded from the tractor-trailer or railcar via a bridge 
14 crane and will be placed on the cask transfer car. The outer cask lid will be removed, and the 
15 inner cask lid will be prepared for removal. The shielded cask will be moved into the unloading 
16 room of the hot-cell complex and will be positioned under the hot-cell unloading port, where the 
11 cask-seal collar will be mated with the unloading port. At this point, all personnel will leave the 
18 area, and the shield door will be closed. This area will remain an exclusion area until the 
19 shielded road cask is unloaded, the waste is moved into the hot cell, and the hot-cell shield plug 
20 is reinstalled. 
21 

22 Once the shielded road cask is empty, it will be moved on the road-cask transfer car back to the 
23 RH Bay. Surveys will be performed on the cask to detect exterior contamination, if any, and 
24 decontamination will be performed, if necessary. 
25 

26 In the hot-cell gallery, trained operators will remotely take sample swipes from the canisters. 
21 These samples will be removed via the shielded transfer drawer and will be checked for 
28 contamination. If a canister is contaminated or physically damaged, it will be decontaminated 
29 or overpacked. Upon the completion of the overpack, a sample swipe will be taken to verify that 
30 no external contamination exists. When a canister or an overpack is verified to be within 
31 acceptable limits, it will be moved to the canister transfer cell. 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

~r inventory centre! pYrpeses, TRU mi*ee waste centainer identification nYmbers will be 
'lerifiee against the Uniform l=fazareoys Waste Manifest and other shipping docwmentation. The 
manifest identification codes will be checked against the identification coses of the containers 
received. Inconsistencies 'Nill be resol11ed with the generator before TRU mi>Ees waste is 

emptacee.ifiii~l!M:m;:::11,1t!lllli!lint!lillli::n!mlm!:llt:l1Ulilnl.1:lllllHl-I 
\lt!t1a11.v.11iti~1m1.:::M11:1:::i~fvm1m1t1mw~:~1:~1Yt111~•:::111rf.1111mim1m~i:1-t.: 
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Operations in the canister transfer cell will be monitored by a closed-circuit television. In the 
transfer cell, canisters will be moved to the (facility) cask-loading room port via a shuttle car. In 2 

the cask-loading room, the canister will be placed in a facility cask. This will be accomplished 3 

by lifting the canister from the shuttle car through a shield valve and into the facility cask oriented 4 

vertically on the facility-cask transfer car in the cask loading room. The shuttle car will position 5 

the canister directly under the cask-loading room shield valve. The telescoping port shield mates 6 

with the underside of the facility cask to ensure shielding continuity, as does the shield bell, 1 

located above the facility cask. The operating console for these operations will be located 8 

behind a shadow shield. Once the canister is loaded and the facility cask shield valves are 9 

closed, the facility cask will be rotated to the horizontal position. A shield door will then be 10 

opened, accessing the waste hoist. The facility-cask transfer car will be loaded onto the waste 11 

hoist and will be lowered to the waste shaft station underground. 12 

At the waste shaft station underground, the facility cask will be moved from the waste hoist cage 13 

by the facility-cask transfer car. A forklift will be used to remove the cask from the transfer car 14 

and to transport the cask to the HWMU. There the facility cask will be placed on the horizontal 15 

emplacement equipment (Figure D-.:t.aa~), which will have been previously aligned with a 16 

horizontal hole bored into the room wall. The horizontal emplacement equipment assembly will 11 

then insert the canister into the hole. A shield plug will then be inserted into the hole to provide 18 

radiation shielding. 19 
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1 111:':sm::1t=::m1,::::!stinsti@l1ffj@::§t.9e:::~1t:::11:::'@:::g::trn::i11s;m.1:::r1i,e!:::e1:::Dl~:::m~::::(1,:;:~::::mn1:::in1ms:::it!1uar 
2 ttti:t::!1:::@1f:srn1:~:::11:::~rn1:::!M!~:::w\1:::r11;:::m211* 
3 

4 The amount of RH TRU mixed waste disposal in each panel is limited based on thermal and 
5 geomechanical considerations. A nominal spacing of 8 ft (2.4 m) between centers for RH TRU 
6 mixed waste canisters is planned. 
7 

8 D Qa(3) Facility Design and Construction 
9 

10 The \IVIPP facility has been sited and designed to enswre safe operations and to be protecti•1e 
11 of hwman health and the en¥ironment. The normal maintenance actil/ities in the wndergrownd 
12 facility will pro¥ide continwed safety for the Disposal Phase and the facility closwre period. 
13 

14 The \"APP repository host rock (salt) characteristics (e.g., physical and chemical properties, 
15 geomechanical properties, stability, and strength) ha'le been e1Jalwated. Validation in'lestigations 
16 have been condwcted. These activities served as the basis for repository siting and design. 
11 Appendix D1 inclwdes the Geological Characterii:ation Report describing the repository losation. 
18 

19 The main wndergrownd entries for the \"APP repository were designed based wpon empirical 
20 data; site characterii:ation data, inclwding information from boreholes; swrface geophysical 
21 measwrements and laboratory tests; and mining and engineering standards wni'lersally applied 
22 to wndergrownd projects. The room and pillar design concept for the \"APP facility was based 
23 on general potash mining practice in the vicinity and wnder similar lithologic conditions, althowgh 
24 modifications were made to accownt for the differences in depth between potash mines ana the 
25 \"APP facility repository horii:on. Qecawse the extraction ratio (the ratio of the area of salt 
26 remo'led by mining to the total area) at the 'PAPP facility is significantly lo·N~r than that wsed in 
21 potash mining, design parameters reftect this difference. 
28 

29 Design valiaation effQrts for the \"APP facility began in 1Q811Nith the Site and Preliminai:y C>esign 
30 Validation (SPC>'I) program, implementeEI to fl:lrther characterize and valiElate the \"APP site 
31 geology ana to pro11ide preliminai:y validation of the wndergrownd exsa\<ation. The SPC>V 
32 program invol'lea the excavation of a test panel consisting of fowr fl:lll sii:ed SPDV test rooms, 
33 e:Msa11ated 13 ft (4 m) high, 33 ft (10 m) wide, and 300 ft (Q1 m) long, and separated by 100 ft 
34 (31 m) wide pillars. Cata obtained from geologic field acti\•ities and geomechanical 
35 instrumentation were analyzed to determine the switability of the design criteria and design bases 
36 and to provide confirmation of the wndergrownd opening reference design. 
37 

38 Additional information was gathered, analyzed, am;i e'lalwated after completion of the SPC>\l 
39 program. The report, "Swmmary of Site Characterii:ation Stwaies ConElwctee from 1983 throwgh 
40 1987 at the 'A<aste Isolation Pilot Plant Site," is inclwaed in Appendi:M C>1. The final report on 
41 design validation is also inclwded in Appendix D1. 
42 
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As a part ef the design validatien pr=esess, geemeshanisal tests were send"'sted in SPOV test 
reems. D"'ring the tests, salt sreep rates were meas"'red. Separatien ef bedding planes and 2 

frast ... ring were alse ebseP1ed. Censeq"'ently, a gr=el:lnd sentr=el strategy was implemented. 3 

The grol:lnd sentrol program at the \All PP fasility mitigates the petential fer reef er rib falls. 4 

Grol:lnd sentrel ¥&'ill be maintained as Ieng as assess te the aff.ested area is maintained. 5 

Data cellected from geomechanisal menitoring of the 19\'VMUs dl:lring the Disposal Phase will be 6 

evall:lated periodically to monitor 9rel:lnd cenditions. Any gr=el:lnd conditions exceeEiing 7 

establisheEi criteria will be e1&'all:lated for immediate ana longer range safety. \'Vaste a 
emplacement in a room may be terminated depending on the resl:llts of the evall:lation, and if a 9 

r=eof fall is imminent, apprepriate astion will be taken to pr=etect hllman health and the 10 

envir=enment. 11 

Geologic and geomechanical information will be gathered from the WIPP facility l:lndergre"'nd 12 

on a regl:llar basis, and 19\'\lMUs will be monitered. Geologic mapping, observatienal boreholes, 13 

and geemechanical instrumentation will be l:lsed to charasterize the host rock, to assess the 14 

effests of exca1Jation, te measl:lre slesl:lre rates, and to eval ... ate the behavier ef the salt. This 15 

information will be l:lsed to f"'rther validate design criteria and te monitor the stability of 15 

"'ndergrel:lnd epenings te ens"'re safety and operatienal reliability. 11 

The data gathered fr=em rol:ltine menitering will be evall:lated to pr=evide early detestien ef 1a 

cenditions that col:lld affect astivities in the active 1=4VIJMUs dl:lring the Disposal Phase. If 19 

develepment of an l:lnstable cendition is confirmed, correstive astion will be implemented. 20 

Altho"'gh the monitoring system cannot predist the exact timing of any instability, it does pr=evide 21 

early warning of deteriorating gr=el:lnd cenditions. Over ene year's i,,varning was pr=evided by 22 

geoteshnisal monitoring before each reef fall in SPDV Test Rooms 1 and 2. 23 

The VVFl8 has been designed to meet DOe design and associated ql:lality assl:lrance 24 

reql:lirements. Table O 2 sl:lmmarizes basic design req"'irements, principal codes, and standards 25 

for the \"'APP facility. Appendix D2 pr=evides engineering design basis earthqllake and tornado 25 

reports. The design basis earthqllake report pr=evides the basis for seismic design of \"'APP 21 

facility stNctl:lres, incll:lding the \f'A=l8 fol:lndatien. The \"'APP design basis earthql:lake is 0.1 g. 2a 

The \"'APP design basis tornado incll:lees a maximl:lm windspeed ef 1 i3 mi per hr (mi/hr) 29 

(294.5 km/hr), which is the vaster slim ef all velocity components. It is alse limiteEi to a 30 

translational velocity of 41 mithr (96 km/hr) anEi a tangential 'Jelocity of 124 mi/hr (2QQ km/hr). 31 

Other parameters are a radii.ls of maxim1=1m wind of 325 ft (QQ m), a pressl:lre drop of 0.5 lb 32 

per in.~ (3.4 kilopascals fKPa]), and a rate of pressl:lre drep of O.QQ lb!in.:,tsec (0.6 kPa/sec). A 33 

design basis flooEi report is not available becal:lse flooeing is not a credible phenomenon at the 34 

\"'A PP facility. Design salcl:llations for the pr=ebable maximllm precipitation (PM P) event, pr=e1Jidea 35 

in Appendix D7, i111=1strate Nn on pr=etection for the \11APP facility. 36 
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1 The specific systems and facilities related to the protectiGn Gf human health and the environment 
2 during 'lJaste handling and management Gperations are discussed in the fGllowing subsections. 
3 

4 In addition to the specific systems and facilities discussed below, as built drawings are pro1,iided 
5 in Appendix 03. 
6 

1 0 Qa(3)(a) Site Security 
8 

9 The VVIPP site has security protection that includes physical access centrol, fencing, lighting, 
10 'Naming signs neting petential hazards, 24 hr per day security protection personnel, and 
11 communication systems. Chapter F of this permit application describes site secwrity. 
12 Appendix 03 provides details on the design of access control fencing. 
13 

14 0 QaQ3)(b) \IV.aste Mandling Building 
15 

16 The WMB has a total area of 84,000 ft3 (7,803 FR~). Its concrete floors are sealed w~th an 
11 impermeable coating (see Appendix 08) that resists all bwt the strongest oxidizing agents. Such 
18 Gxidizing agents do not meet the waste Acceptam:e Criteria (WAG) and will not be accepted in 
19 TRU mixed waste at the \'\LIPP facility. Therefore, TRU mixed wastes pose no compatibility 
20 problems 'A'ith respect to the 'NMQ floor. The impermeable floor coating cGnsists of Garboline® 
21 1340 clear primer sealer on top of prepared concrete, Garbeline® 1Q1 primer epexy, and 
22 Garbeline® 1 Q5 surface epexy. The manwfactwrer's chemical resistance guise shows "'"ery 
23 Goos" for acids and "Excellent" for alkalies, solvents, salt, and v,.iater. Uses are indicated for 
24 nuclear power plants, industrial equipment and compenents, chemical processing plants, and 
25 pulp and paper mills for protection of stNctural steel and concrete. During the Dispesal Phase, 
.:.a shoulel the floors nees to be re coated, any floor coating used in the \t!A:49 TRU mixed 1.vaste 
21 hanelling areas 'Nill be compatible with the TRU mixed waste constituents anel will have chemical 
28 resistance at least equivalent tG the Carboline® products elescribes in Appenelix 08. rigure 0 1 Q 

29 is a plan view of the V\<MQ, showing areas where TRU mixed '\\'aste handling acti•.•ities discussed 
30 in this section occur. Appenelix 03 provides eletailed sesign drawings for the 'ft/.MQ and waste 
31 handling systems. 
32 

33 GM TRU Mixed \'\'aste Mandling Areas 
34 

35 The GM side of the WMB contains tv.10 major areas where CM TRU mixed waste handling 
36 operations will be conducteel: the CM Bay and the conveyance loading room. An additienal 
37 area, the OPRR, is available for the contingency in which waste containers must be ovei:packed 
38 prior to emi;>lacement in the undergrmmd MVVMU. 
39 

40 The CM Bay 
41 

42 The TRUPACT lls will be received through the central air lock entry te the CM Bay of the 'AIMB. 
43 The WMB ventilation system maintains the interior of the VIJ.MQ at a pressure lower than the 
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ambient atmospheFB to ensure that air flows into the V\~B. preventing the inaelvertent Felease 1 

of any hazardous or radioactive constituents contamination. The doors at each end of the air 2 

lock aFe interlocked to prevent both from opening simultaneously and equalizing CM Bay 3 

pFessure 'Nith outside atmospheric pressure. The CM Bay houses a TRUOOCK equipped with 4 

overhead cranes fer opening and unloading TRUPACT lls on either side of the central air lock. 5 

The cranes are rated to lift the TRUPACT II lids as well as their centents. The cranes are s 
designed to remain on their tracks and hold their load even in the event of a design basis 7 

earthquake. 8 

The Conveyance Loading Room 9 

After the TRU PACT 11 contents are transferred to a facility pallet, a ferklift will transport the pallet 1 o 
te the conveyance loading mom adjacent to the waste hoist. There the facility pallet will be 11 

loaded on the conveyance loading car in preparation fer transfer to the waste hoist 12 

(Figure D 20). The conveyance loading room serves as an air leek between the CM Bay and 13 

the waste hoist shaft, pre1.'enting e:Kcessi1.'e airflew between these tv.•o areas. \'Vith the waste 14 

heist materials platform properly positioned and pFepared, the conveyance loading car will move 15 

onto the waste hoist on rails. There the facility pallet will be transferred to the 'Naste hoist, and 1s 

the cenveyance loading car V.'ill be returned to the conveyance loading room. 11 

RM TRU Mi:Ked \nJaste Mandlina Areas 18 

RM 72B shielded road casks containing RM waste canisters (Figure D 21) will be reeeived into 19 

the WMB through an entr,i on the RM side of the V'MB. The V1MB RM siele eontains t\vo major 20 

areas fer handling RM mi:Keel waste: the RM Bay and the het eell comple:x:. The hot eell eomple:K 21 

is elivided into feur subareas designed fer speeifie functions: the eask unloaeling roem, the hot 22 

cell, the canister transfer cell, anel the (facility) cask loaeling room. 23 

The RM Bav 24 

The RM Bay is a high bay area fer RM 72Q shieleleel reael (er railroad) cask reeeiving and 25 

subsequent handling operatiens. The trailer earr,iing the RM 72Q shieleleel road eask will enter 2s 

the RM Bay through a set of aeuble aeors on the eastern siae of the \AJMB. This entry also 21 
provides fer rail car entr,i. Separate heating, ventilation, and air conditioning (M\4\C) systems 28 

are provieled that maintain the pressuFe in the RM siele of the VVl=IQ lower than the outsiae 29 

ambient atmospherie pressure fer centamination eentrol. Qeeause there are no air leeks atthese 30 

aeeess deers, the period of time that the doors will be open will be minimized and limited te 31 

times when there are no unsealea shielaea roael easks centaining RM TRU mixea waste 32 

eanisters in the RM Bay. The RM Bay heuses the reaa eask transfer ear, whieh is a self 33 

propelled rail guided ear that travels bet\veen the RM Qay anel the eask unleading reem. The 34 

RM Bay also prevides spaee fer an overhead bridge crane with an au:Kiliar,i hoist usea fer 35 

shielelea reaa eask handling ana maintenanee operatiens. 36 
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Following shielded road cask inspections, ',vhich include contamination suPJeys, the impact 
2 limiters will be removeEI while the shielded road cask is on the trailer. The shielded road cask 
3 'Nill be unloaded from the trailer using the overhead tlriage crane ana will tie placed on the road 
4 cask transfer car. The road cask transfer car (Figure D 22) incorporates an integral v.fOrk 
5 platform that pro>1iaes ;;ersonnel access to the heaa area of the road cask for unloading ana 
6 shipment preparations, including conducting radiological suNeys, physical inspections, minor 
1 maintenance, ana decontamination, if necessary. 
8 

9 During shipping preparations for the shielded road cask, lay aov:n space '>Viii be provided in the 
10 RH Qay for components that must be removed during unloading. \l\4thin the operating en>1elope 
11 of the overhead tlriage crane, the RH Bay will provide space and equipment for periodic shielded 
12 road cask and facility cask maintenance. If required, this area will also be usea for cas~ 
13 decontamination activities. 
14 

15 The Hot Cell Comale:K 
16 

11 The inner containment vessels of the RH 729 shielded road casks will only be opened in the hot 
18 cell. This procedure will be performed remotely to preclude a threat to human health or the 
19 environment. The hot cell 'Nill tie maintained at a greater negative differential pressure than the 
20 other areas of the V'M8 to ensure that gases or other aimorne contaminants will tie e:Khausted 
21 through the HEP.Ai gra~e filters aedicated to the hot cell area. The negative differential pressure 
22 'Nill also prevent any contaminants from escaping the hot cell in the event that the hot cell is 
23 tlreached (e.g., a door is opened te the hot cell). 
24 

25 The Cask Unloading Room 
26 

21 The cask unloading room is a concrete shielaed room into which the shielded road cask will tie 
28 moved by the roaa cask transfer car. It is from this room that the RH canister will be mo>1ed 
29 from the road cask to the hot cell. During this cask to hot cell transfer, a cask seal collar and 
30 adapter rings shall be provided te allow the interior of the road cask to become an e~ension of 
31 the hot cell ventilation system when mated to the floor port in the hot cell. This arrangement 
32 isolates the atmosphere of the road cask from that of the cask unloading room. In this way, 
33 contamination that may be present •.vithin the road cask is restricted to the hot cell atmosphere, 
34 'Nhich e*hausts through MEPA filters. A concrete filled shield door, moved across the entrance 
35 to the cask unloading room on air bearings, wm provide radiation protection for personnel in the 
36 RH Bay while the canister is being removed from the road cask. 
37 

38 The Mot Cell 
39 

40 The hot cell (Figure D 23) is a concrete shielded room where RM canisters will tie inspestea 
41 following remo\•al from the shielded road cask. The hot cell is designed to protect personnel 
42 outside the room from unshielaee RM sanisters with a gamma &l:lrface dose rate of 400,QQO rem 
43 per hr and a neutron surface dose rate of 4 5 rem per hr. 
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Access to the hot cell abo'le the cask unloading mom will be by the remo'lal of shield plugs in 
the floor of the hot cell. These plugs must be in place when the shielEleEI roaEI cask enters the 2 

cask unloaEling room. The cask unloading ream shielEI Eloor must be closed prior to the remo'lal 3 

of the shielEI plugs, to pre'lent personnel exposure to RH canisters that may be in the hot cell. 4 

The design incorperates a safety interlock that pre'lents the hot cell grapple from closing while 5 

the shield Eloor is epen. VIJhen in place, the hot cell shielEI plugs will pre'lide shielEling 6 

correspenEling to the level sf ~adiatien pretectien previded by the cask unloaEling ream. 1 

A seconEI floor pgrt prevides access to the canister transfer cell frnm the hgt cell. This port is 8 

shielc:led by a remetely centrelleEI shielEI valve mgunteEI on the flggr of the hot cell, which when 9 

closed, prevides the levels of radiation protection afforded by the canister transfer cell. Safety 10 

interlecks prevent closing this shielEI valve unless the hgt cell crane hoist position is high enough 11 

to prevent closure on a canister or the hoist. 12 

The hot cell centains two primary working statiens: an inspectign station and a welding station. 13 

The RH canisters will be inspecteEI in the hot cell at the inspection station. Inspections will 14 

incluc:le 11isual inspection, verification of canister iElentificatign, anEI loose surface contamination 15 

checks. If the results of this inspection inElicate that over-packing gf the canister is reEjuireEI tg 16 

prevent further cgntamination of RH mixeEI '.Yaste handling eEjuipment, this g11erpacking 'Nill be 11 

accomplished at the •.velding station. There the canister will be inserteEI into an 011erpack 18 

canister boEly, and the overpack clgsure will ee installeEI anEI welEleEI using a remotely operateEI 19 

1.velEling machine. A description of the RH canister anEI overpack RH canister is previEleEI in 20 

Section DQa(3)(g). 21 

The hgt cell is outfitteEI with the following major eEjuipment: a remotely operateEI bridge crane, 22 

a remotely operated briElge mounteEI power manipulator, two pairs of fixeEI manipulators, a 23 

portable remotely operated everpack v,ielder, a clesed circl:lit televisien system, and a st:lielded 24 

material transfer Elrawer. Various locatiens supporting hot cell operations are provided, including 25 

overpack canister stgrage; lay Elewn areas for everpack canister lic:ls, cask seal surface 26 

pretection Elevices, cask inner vessel lic:ls, flgor shielEI plugs, anEI shielEI plug hanc:lling fixtwres; 21 

a power manipulator tggl stanEI; anEI inspection statign anEI welEling station canister receptacles. 28 

The overheaEI bric:lge crane, eutfitteEI with a retating block anEI grapple, will ee useEI for all heavy 29 

lifting operations in the het cell, incluc:ling the hanElling of the hot cell shielEI plugs, the shielEleEI 30 

reaEI cask inner •,iessel liEI, the RH canister, anEI the canister overpack components. This crane 31 

is designeEI to stay on its rails anEI maintain contrel of its loaEI in the event of a Elesign basis 32 

earthEjuake or an electrical outage. Other features of this crane incluEle the manual oveFFiEle gf 33 

the trolley anEI hoist at the cask leaEling pgrt anEI the canister inspection station, mechanical 34 

011erric:le of the grapple or the grapple retating blgck with the assistance of the power 35 

manipulater, and an interleck tt:lat pre11ents tt:le cask unloaEling reem shield degr frem epening 36 

1.vhile the grapple is cleseEI. 37 
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The het cell is censtR:1cteei fer centact maintenance ef installeei e~blipment. Access te the het 
2 cell will enly be permitted when RFi canisters are net present in the cell. The bridge crane may 
3 be me'led te a crane maintenance reem, blsing an e'lerriding beam and a separate winch, if 
4 necessary, where maintenaRce can be i:>erf-Grmed en the crane. Maintenance personnel are 
5 shieldeei frem canisters in the het cell. 
6 

1 The fellewing rebltine eperatiens will be cendblcted in the het cell: 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 ' 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

• The het cell fleer shield plblg will be reme'led and will be placed en the fleer. 

• The cask inner 'Jessel lid will be reme'leei and placeei en the fleer. 

• /\n eptienal cask seal syrface pretecter will be installed en the shielded read cask. 

The RFi TRU canister will be mo'led te the inspectien statien. 

• The canister will be inspected visblally and en clesed circYit tele'lisien. 

• The canister will be sblrveyed fer leese sYrface contamination blsing the FRaster 
slave manipbllaters. 

• The centamination SYNey samples will be placeei in the shielsed transfer drawer 
ans will be checkes fer centaminatien. 

• If the canister is centaminated er physically samages, the canister will be FReves 
te the welding statien anei will be everpackeei and resYrveyed fer centaminatien. 

• \''Alen the canister er everpack meet acceptable liFRits, the container will be FReveei 
to the canister transfer cell. 

The eptienal cask seal sblrface pretector will be reFRe11ed. 

• The cask inner vessel lid will be replaced en the shielded roaei cask. 

• The hot cell shiels ph,:1g 'Nill be replaceei. 

37 The Canister Transfer Gell 
38 

39 The canister transfer cell, located beneath the het cell, previses the FReans te transfer canisters 
40 freFR the hot cell to the cask leasing reom via a sh1:1ttle car. '.he sh1:1ttle car has seven positions 
41 fer the teFRporary storage of RFi mixed waste, if re~1:1ired. The cell incl1:1eies previsions fer a 
42 FRan1:1al o•«erride tool to release the grapple freFR an RFi 6anister at the cask loaeiing reoFR port 
43 in the event of a grapple fail1:1re. This tool will be operates freFR an area shielded freFR the 
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transfer sell. Canisters will be lowered into the sh1:1ttle sar thre1:1gh a shield valve in the floor of 1 

the hot sell 1:1sing the hot sell bridge srane and grapple. Operations in the sanister transfer sell 2 

will be FRonitored by slosed sirs1:1it television saFReras. 3 

The Cask loading RooFR 4 

The sask loading rooFR provides f-Or transfer of an Rt1 sanister to the fasility sask for s1:1bseq1:1ent s 
transfer to the 1#aste hoist and to the 1:1ndergro1:1nd. The fasility sask (Fig1:1re D 24) is designed 6 

to red1:1se radiation levels to less than 2QQ FRillireFR per hr at the s1:1rfase of the sasks, with a 1 

sanister reading of 1,QQQ reFR per hr. 8 

The transfer operation 'Nill be assomplished by lifting the sanister froFR the sh1:1ttle sar thro1:1gh 9 

the shield valve into a vertisally oriented fasility sask positioned in the sask loading rooFR. The 1 o 
sh1:1ttle sar '#ill position the canister directly 1:1nder the cask loading rooFR shield valve. The 11 

telessoping port shield valve will FRate with the 1:1nderside of the fasility sask to ens1:1re shielding 12 

sontin1:1ity, as does the shield bell, losated above the fasility sask. The operating sonsole that 13 

'Nill be 1:1sed to assoFRplish this seq1:1ense of operations 'Nill be losated behind a shadow shield. 14 

Onse loaded, the fasility sask will be rotated to the hori20ontal position on the fasility sask transfer 15 

sar (P:ig1:1re D 25) and will then be ready f-Or transfer onto the '#aste hoist. The sask loading 16 

rooFR f1:1nstions as an air losk bet\veen the Waste Shaft and the sanister transfer sell and Rt1 11 

18 

Rt1 TRU MiMed \'Vasts S1:11313ort P'asilities 19 

The hot sell operating gallery, the srane FRaintenanse rooFR, the FRanip1:1lator repair rooFR, and 20 

the hot sell filter gallery s1:1pport RM TRU FRiKed 'Naste handling operations (see P:ig1:1re D 29). 21 

The Mot Cell Operating Gallery 22 

The hot sell operating gallery, adjasent to the hot sell, provides the spase f-Or hot sell operating 23 

personnel to FROnitor and sontrol operations. The fiMed FRanipbllators will be operated frQFR this 24 

area, and they san be reFR011ed thro1:1gh this area to the FRanipbllator repair rooFR f-Or FRaintenanse 25 

and repair. To prevent the spread of sontaFRination, FRanipbllators will be bagged obit as they are 26 

reFRO\'ed froFR the hot sell. After transfer to the FRanipbllator repair rooFR, the FRanipbllators will 21 

be s1:1rveyed and desontaFRinated, if nesessary. The operating gallery also sontains 28 

dosed sirs1:1it television FRonitors and sontrol panel stations f-Or selecting and FRonitoring the hot 29 

sell and transfer sell saFReras. 30 
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1 Other TRU Mixed \l\Jaste Sl:lpport S11stems 
2 

3 Ventilation 
4 

5 The v\lHQ HVAC system pre .;ides a filtered air exhal:lst path consisting of two stages of nrefilters 
6 (to remove larger dl:lst particles ana to prolong the l:lsefl:ll life of the HePA filters) and two stages 
7 of HePA filters (to remo11e radioactive particbllate contamination). These filters will be tested to 
8 American fllational Standards lnstitblte (1\NSI) reql:lirements (ANSI N 510) and ha11e a combined 
9 99.95 percent removal efficiency per stage of 0.3 micron particles. 

10 

11 except for local air handling l:lnits and the hot cell exhal:lst filters, 'J\MQ HVAG eql:lipment is 
12 contained within the mechanical equipment room, located on a second le11el of the CH side of 
13 the \'Vt·U~. This room hol:lses the exhaust fans and associated dblcting that control 
14 \AMQ ventilation flow. 
15 

16 The VVHQ ventilation system channels exhablst through a single stack at a nominal flew of 
11 55,000 te (1,559.5 m:.) per min. The final exhaust from the stack '.Viii be continuously monitored 
18 for radioactive particbllate contamination. 
19 

20 In the event of a tornado, tornado dampers will close to prevent the outli\1ard Nsh of air cawsed 
21 by a rapid drop in atmospheric presswre. Damper closwre mitigates the destNction of HeF2A 
22 filters and dwcts by pre1.1enting a high presswre Eliffen~ntial from affecting the filters. 
23 

24 If necessa~i, the exhawst systems can be pO'i.'tered from the backup power system if off site 
25 pO'ller is lost, thus maintaining negative Eiiff.erential pressures in potentially contaminated areas. 
26 

21 During the initial opening phases of a TRUPAGT II, the TRUDOGK VHS will function as a local 
28 exhai:.st system to control potential airborne particwlate contamination through the use of HePA 
29 filters. Headspace gases will also be drawn into the \l\lJ.48 FIVAC exhawst system. 
30 

31 P:ire Protection 
32 

33 The design of the fire protection systeR:i satisfies applicable sections of the fllational P:ire 
34 Protection Association codes, DOli Orders, and other federal codes (see Chaf)ter IP). P'ire 
35 barriers protect the cage loading area ans shaft areas 'A1ithin the \'VHB and separate the OPRR, 
36 swf>port areas, and walls enclosing stairwells. In assition, the R:iechanical eqwipR:ient room has 
37 fire barriers that sef)arate this room from other areas of the 'PMB. 
38 

39 A sprinkler systeR:i is installed throughout the CH and Rl=f TRU R:iixed 'Naste handling areas of 
40 the 'AA=l8. A fire supf>ression 'Nater collection system is in the floor of the 'AA=IQ to f>re11ent 
41 potentially contaminated fire si:.ppression water froR:i rwnning oi:.t of the 'AIJ.48. Fire swppression 
42 1.vater will be collected and held for ha;zardows contamination verification, ans its R:ianageR:ient 
43 will be determined by the test reswlts. The TRU mixed \i\«aste handling area will be proviaea with 
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interior fire hose sonnections ans portable extinguishers for nonwaste relates fires. Chapter F 1 

provides additional infurmation en fire protection. 2 

D Qa(3)(s) CH TRU Mixes \"Jaste Handling Eauiament 3 

TRUPACT 11 Type B Shippina Containers 4 

The TRUPACT II (Figure D 11) is a double sentained sylindrisal shipping sentainer 8 f.t (2.4 m) 5 

in diameter and 1 Q f.t (3 m) high. It meets DOT Type B shipping sentainer requirements and has s 
sussessfully sempleted rigorous sentainer integrity tests. The payload consists of 7,295 lbs 7 

(3,2Q5 kilograms fkg]) gross weight in up to fuurteen 55 gal (208 L) drums, two SVVBs, er one 8 

ten drum overpask. 9 

Unloading Desks 10 

Eash TRUDOCK is designed to assemmedate up to two TRUPACT II shipping containers. The 11 

TRUDOCK functions as a •.verk platrorm, providing TRU mixed waste hansling personnel easy 12 

assess to the container during unleasing operations (see Figure D 27 and Dra•Ning 41 M QQ1 V'I 13 

in Appendix 03). 14 

P'erklif.ts 15 

Ferklif.ts will be used to transfer the TRUPACT II shipping sentainers into the V'M9 and to 1s 

transfer palletized CH TRU mixed waste to the senveyanse leading sar. Another forklif.t will be 17 

used fur general purpose transfer operations. This furklif.t has attachments and adapters to 18 

handle individual TRU mixed waste containers, if reqwired. 19 

Cranes and Adjwstable Center of Gravity Lif.t Fixtwres 20 

At each TRUDOCK, an overhead bridge crane is wsed with a specially designed lif.t fixture fur 21 

disassembly of the TRUPACT lls. Separate !if.ting attachments ha•Je been spesifisally designed 22 

ta accommodate SVVBs. The lif.t fixture, attached to the crane, has built in level indicators and 23 

two counterweights that can be moved to adjust the center of gravity of unbalansee leaes ane 24 

to keep them level. 25 

P'asilitv Pallets 28 

P'acility pallets are fabricates steel units designee to support srums, TDOPs, er SV'Jis and ha\•e 27 

a rates lead of 28,QQQ lbs. The facility pallets designee to support S\l\f.9s have two recesses en 28 

the upper surface sized to assept S\Ws. Held devm plates are wsed to clamp the lower lip of 29 

the S\Ws to the facility pallet. The facility pallet will accemmeeate a maximum of fuur S\11J8s 30 

(tv.·e stacks of tl.\'9 high) with a total weight of 19,QQQ lbs. If S),t\J8s are stacked tvJo high, tie 31 

down straps are uses to strap the a)/tJis to the holding bars in the hold dG1Nn plate of the facility 32 
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1 pallets. The facility pallets designed to support seven packs have pockets apprQ)~imately 3 in. 
2 (76 mm) deep in the top plate of the pallet to accommodate two sets of t?.\'o high seven packs, 
3 two sets of two high fo1:i1r packs, or one ten dNm overpack. Each stack of waste drums is 
4 strapped down to holding bars in the top reinforcement plate of the facility pallet. Sets of sei.·en 
5 packs or four packs are separated by slipsheets. Facility pallets are shown in Figures g 12 and 
6 [) 13. Fork pockets in the side of the pallet allo1# the facility pallet to be lifted and transferred 
1 by forklift to prevent direct contact beP.veen TRU mixed waste containers and forklift tines. This 
a arrangement reduces the potential for puncture accidents. 
9 

10 The Conveyance beading Car 
11 

12 The conveyance loading car is an electric vehicle that operates on rails. It is designed •1Ath a 
13 flat bed that has adj1:i1stable height capability and will be used to transfer the facility pallets on 
14 or ott the pallet support stands in the waste hoist cage by raising and lowering the bed (see 
15 Figure [) 20). 
16 

11 The Waste Hoist Convevance 
18 

19 The hoist systems in the shafts and all shaft furnishings are designed to resist the dynaFRic 
20 forces of the hoisting system and to withstand a design basis earth~1:i1ake as defined in Section 
21 g Qa(3). The waste hoist is e~uipped with a contrel system that will detect malfunctions or 
22 abnormal operations of the hoist systeFR (such as overtrai.•el, overspeed, power loss, cirsuitry 
23 failure, or starting in a wrong location) and will trigger an alarm that automatically shuts down 
24 the hoist. 
25 

26 The waste hoist operates in the waste Shaft and is a FRultirope, friction type hoist. A 
21 counterweight is used to balance the waste hoist coni.•eyance. The waste hoist conveyance 
28 (outside dimensions) is 30 ft (Q FR) high by 10 ft (3 FR) wide by 14 ft (4 m) deep and can carry 
29 a payload of 45 tons. 01:i1ring loading and unloading operations, it is steadied by fixed guides. 
30 The heist's maximum rope speed is 500 ft (152.4 m) per FRin. 
31 

32 The \11/aste Shaft hoist system f:las t>.vo sets of brakes, witf:I tv10 units per set, plus a motor tf:lat 
33 is normally used to stop tf:le f:loist. The brakes are designed so that either set, acting alone, can 
34 stop a fully loaded con·1eyance 1:i1nder all eFRergency conditions. 
35 

36 The Undereround Vl/aste Transporter 
37 
38 The undergro1:1nd waste transporter is a coFRmercially a'Jailable diesel powered tractor trailer 
39 designed specifically for transporting facility pallets froFR the \'laste hoist to the waste storage 
40 panels at the H'J'JMU in yse. This transporter is shown in F'igwre [) 14. 
41 
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CH TRU mixeel waste sentainers leaeleel en slipsheets (55 gal [2Q8 bl el11:1ms er 83 gal [314 bl 2 

everpask eln.ims) will be remeveel frem the fasility pallets 1:1sing ferklifts '1¥ith a 8RUDI attashment 3 

attacheel te the ferklift tn.isk frent sarriage. The 8RUDI attashment grips the eelge ef the 4 

slipsheet (en whish the waste sentainers sit) te p1:1ll the sentainers ente the platen. After the 5 

ferklift meves the 'Naste sentainers te the emplasement lesatien, the 8RUDI attashment p1:1shes 6 

the centainers inte pesitien. The 1:1se ef the 8RUDI attashment prevents elirest sentast between 7 

waste sentainers anel ferklift tines. Sl/l/8s anel TDOPs will be remeveel frem the fasilit¥ pallet by a 
1:1sing ferklifts eq1:1ippeel with spesial aelapters fer these sentainers. These special aelapters will 9 

pre\'ent elirest centast between S\'\'8s er TDOPs anel ferklift tines. 10 

D Qa(3)(el) RH TRU Mixeel waste Hanelling Eo1:1iament 11 

RH 728 Shieleleel Reael Cask 12 

The RH 728 shieleleel reael cask (Fig1:1re D 21) is elesigneel te meet DOT Type 8 shipping 13 

sentainer req1:1irements anel is a sylineler sensisting ef a separate inner vessel within an e1:1ter 14 

cask pretesteel by impast limiters at eash enel. ~Jeither the e1:1ter sask ner the inner sentainment 15 

vessel will be venteel. Eash sentainer is sapable ef 'Nithstaneling an internal press1:1re ef 15Q 16 

~~ (1Q34 kPa) ga1:1ge. Payleael sapasit¥ ef eash RH 728 shieleleel reael sask is 8,QQQ lbs 17 

(3,l328 kg). The payleael will sensist ef a sanister ef RH TRU mixeel waste, whish may sentain 1a 

nensentainerizeel waste er waste in 3Q (114 L) er 55 gal (2Q8 L) el11:1ms. The weight ef the 19 

canister is insl1:1eleel in the tetal payleael. 20 

The inner sentainment vessel is maele ef stainless steel anel previeles a savity fer the payleael. 21 

The lie is ses1:1reel te the bedy ef the vessel by cles1:1re belts. Te senter the sanister and te 22 

fasilitate insertion and reme•,<al, internal spasers are previeleel in the inner vessel. 23 

The e1:1ter cask is alse a stainless steel vessel that is censt11:16teel ef twe sencentris shells 24 

enslesing a sast lead shielel te pretest against gamma radiatien. The e1:1ter sask will be pretesteel 25 

at each enel by energy abserbing impast limiters, whish are stainless steel shells filled with 26 

pely1:1rethane feaFR. The impast limiters alse ast as thermal ins1:1laters te pretest seal areas frem 27 

fire in the event ef an insidenttassident. 28 

Overhead Qrielge Crane 29 

The everheael brielge crane will be 1:1sed te lift the RH 728 shieleleel reael sask frem the trailer, 30 

ense it is aelmitteel inte the RH Qay, anel plase it en the reael sask transfer car. It '1\lill alse be 31 

1:1seel te remeve the impast limiters anel the e1:1ter liel ef the RH 728 shieleleel reael sask. 32 
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The Roa9 Cask Transfer Gar 

--

3 The roa9 cask transfer car (see Fig1::1re 0 22), a self propelle9, rail g1::1i9e9 car, 1.vill travel taetween 
4 the Rl=f Bay an9 the cask 1::1nloa9ing room, which is part of the hot cell sample'>'·. The roa9 sask 
5 transfer sar will s1::1pport the shiel9e9 roa9 cask an9 will insorporate an integr..., 'A'orking plat:f.Grm-
6 that will provi9e personnel assess to the hea9 area ef the shiel9e9 rea9 sask for sask 1::1nleae1,'+9" 
1 preparatiens, inspe c:tions, an9 repairs. 
8 

9 The Fasility Cask 
10 

11 The Rl=f canister will lae plase9 insi9e the fasility cask, which '.viii lae 1::1se9 for shiel9ing 91.1ring 
12 transfer of the Rl=f canister from the hot cell compleK te the l=f\IVMU for emplacement 
13 1::1n9ergro1::1n9. The facility cask lao9y consists ef tv1e cencentric steel cylin9ers. The ann1.1l1.1s 
14 taetween the cylin9ers is fille9 with lea9, an9 gate shiel9 valves are locate9 at either en9. Fig1.1re 
15 O 24 provi9es an 01::1tline sonfig1::1ratien of the facility cask. 
16 

11 The Facility Cask Transfer Gar 
18 

19 The facility cask transfer car is a self propelle9 rail car (see F'ig1::1re 0 25) that will eperate in the 
20 cask loa9ing room for loa9ing the Rl=f canister from the sh1::1ttle car to the fasility sask. Onse the 
21 facility cask is loa9e9, the facility cask transfer car will mo·1e ento the waste shaft conveyance 
22 an9 will then lae transporte9 1::1n9ergro1::1n9. At the 1::1n9ergro1::1n9 waste station, the facilit>J cask 
23 transfer car will procee9 away from the waste hoist conveyance to provi9e access to the facility 
24 cask lay a forklift .. 
25 

20 The Facility Cask Rotation FiKt1::1re 
27 

28 The facility cask rotation fiKt1::1re will lae 1::1se9 to rotate the facility cask from the horii:ontal position 
29 to the vertical position to allow RM canister loa9ing into the facility cask fFOm the st:a1.1ttle car. 
30 Once the facility cask is loa9e9, the rotation fiKt1::1re will rotate the facility cask laack to tt:ae normal 
31 horii:ontal position. 
32 

33 The Grapple Moist 
34 

35 A grapple hoist will lae 1::1se9 to hoist the RM canister from the sh1::1ttle car into the facilit>J cask. 
36 

37 l=forii:ontal emplacement ea1::1ipment 
38 

39 The horii:ontal emplacement nq1::1ipment (see F'ig1.1re O 1 S) is a waste transfer machine tl:iat will 
40 emplace Rl=f canisters into a laorehole in a room wall of an M\IVMU an9 cover the laorehole 
41 opening with a shiele pl1::19 after a canister has taeen emplasee. 
42 
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Shafts 2 

The \/\APP facility uses four shafts: the \l\/3ste Shaft, the Salt Haneling Shaft, the Air Intake 3 

Shaft, ane the Exhaust Shaft. These shafts are 'lertical openings that e~ene frorn the s1:1rfase 4 

to the repository level. 5 

The Waste Shaft is locatee beneath the \l\Jt:IB ane is 19 to 2Q ft (5.8 to e.1 rn) in eiarneter. The s 
Salt Haneling Shaft, locatee north of the \/\.taste Shaft beneath the salt haneling heaefrarne, is 1 

1 Q to 12 ft (3 to 3.e rn) in aiameter. Salt minea from the repository horizon is rerno'lee thr:gugh a 
the Salt Handling Shaft. The Salt Haneling Shaft is the main personnel ane materials hoist and 9 

also serves as a seconeary supply air euct for the undergr:gune areas. The Air Intake Shaft, 10 

northwest of the WHB, varies in aiameter frorn 19 ft 7 in. (4.51 m) to 2Q ft 3 in. (e.19 m) ane is 11 

the prirnary source of fresh air undergr:gund. The Exhaust Shaft, east of the \l\Jt:IB, is 14 to 15 12 

ft (4.3 to 4.e rn) in ~:liameter ane serves as the e*haust euct for the uneergroune air. 13 

Openings e*cavatee in salt e*perience closure because of salt creep (or time depeneent 14 

eeforrnation at constant load). The closure affects the eesign of all of the openings eiscussee 15 

in this section. Uneergr:gund excavation eirnensions, therefore, are norninal, because they 16 

change with time. The unlinee portions of the shafts have larger diarneters than the linee 11 

portions, which allows for clos1:1re ca1:1sed by salt creep. Each shaft incl1:1ees a shaft collar, a 1s 

st:iaft lining, ane a shaft key section. The Design Validation Final Report in Appenei* 01 19 

discusses the shafts and shaft components in greater eetail. 20 

The reinforced concrete shaft collars e~enc:i from the s1:1rface to the top ef the 1:1nderlying 21 

consolieated sediments. Each collar serves te retain adjacent uncenselidated sands and soils 22 

and te prevent surface r1:1noff from entering the shafts. The shaft linings e~ene fFGm the base 23 

ef the collar to the tep ef the salt beds approximately 85Q ft (259 m) below the surface. Gr:gut 24 

injected behind the shaft lining retards •1,.<ater seeping into the shafts from 'Nater bearing 2s 

forrnations, and the liner is designee to withstane the natural w-ater press1:1re associated i.vith 2s 

these furrnatiens. The shaft liners are concrete, e*cept in the Salt Handling Shaft, where a steel 21 

shaft liner has been gro1:1ted in place. 28 

The shaft key is a circ1:1lar reinforced concrete section emplaced in each shaft below the liner in 29 

the base of the Rustler and e~eneing about 50 ft (15 m) into the Salado. The key fl:Jnctiens ta 30 

resist lateral press1:1res and ass1:1res tl~at the liner will net separate from the host rocks or fail 31 

1:1nder tension. This design f.eature also aids in preventing the shaft fr:gm becoming a r:gute for 32 

groundwater flQ!N into the undergr:gund facility. (See Chapter E of this perrnit applieation for 33 

more information on groundwater monitoring.) 34. 

On the inside surface of each shaft, e*cl1:1ding the Salt Handling Shaft, there are three water 35 

collection rings: one j1:1st below the Magenta, one j1:1st below the G1:1lebra, and one at the 36 
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1 lo•Nermost part of the key section. These sollestion rings will collect any i.•1ater that may seep 
2 into the shaf.t throblgh the liner 
3 

4 The \'Vaste Shaft is protesteel from precipitation by the reof of the waste hoist heaelframe tower. 
5 The Exhablst Si 1af.t is sonfigblreel at the top with a 14 ft (4 .3 m) eliameter elblst that eli\'erts air into 
6 the exhablst filtration system or to the atmosphere, as appropriate. The Salt l=lanelling anel Air 
7 Intake Shaft collars are open exsept for the heaelframes. Rainfall into the shafts is e\'aporateel 
8 by \'entilation air. 
9 

10 D Qa(3)(f) Sb!bsblrfase Structures 
11 

12 The sblbsblrfase structures in the repository, losateel at 2,150 ft (555 m) below the sblrfase, 
13 inslblele the l=IVIJMUs, the northern experimental areas, anEI the sblpport areas. Assess to all 
14 acti\'e l=l\"AIAUs '.\'ill be restricteEI. All normal assess to anel from these areas will be through a 
15 raEliologisal assess control statien at the entranse to the unelergrounEI l=IVVMUs that will be 
16 manneel by a health physiss teshnisian. AppenElix 03 pro\'iEles eletails of the underground layout. 
11 Figure [) 3 shows the proposed waste emplasement configuration for the l=IVl/MUs. 
18 

19 The statbls of important blndergre1:1nd eq1:1ipment, insl~ding fixed fire protection systems, the 
20 \'entilation system, and contamination detection systems, will be monitored by a sentral 
21 monitoring system, lesateel in the Suppert 81:1ilding aeljasent to the VV.1=18. 8askup power will be 
22 pro\'ideel as discussed in Chapter F'. The s1:1bsurfase suppert areas are sonstructeel anel 
23 maintained to conform to feEleral mine safety codes. 
24 

25 Under:gr:eund '"4a~ardous Waste Management Units 
26 

21 During the Disposal Phase, the vol1:1me of TRU mixeEI 'A'aste emplaseEI in the repository will not 
28 9*seed 5.2 millien ~ (175,450 m~). 'Naste will be dispeseel of in the underground WJ'JMUs. 
29 

30 Main entries anel sross s1:1ts in the repository pro11iele assess and ventilation to the l=IV'JMUs. The 
31 main entries link the shaf.t pillar/servise area with the TRU mixed waste management area anEt 
32 are separated by pillars. ~Jormal entries are 13 ft (4 .0 m) high and 14 ft (4 .3 m) wide. iash of 
33 the unelerground Panels 1 through 8 will ha•1e se•1en roems. The losation of these l=IV'JMUs are 
34 shown in F'igure D 1. The rooms will ha•1e nominal elimensions of 13 ft (4 .0 m) (height} by 33 
35 ft (10 m) (wielth) by 300 ft (Q1 m) (length) and will be s1:1pporteEt by 100 ft (30 m) wide pillars. 
36 

37 Panel 1 is the first l=l\"JMU to be useel for waste Elisposal anel w.as exsav.ateEt from 1 Q86 throblgh 
38 1 Q88. Its rooms anel assess elrifts ha\'e been rosk bolted to asswre stability. Panel 1 rooms are 
39 typically pattern bolted with 1 O ft (3 m) meshanisal bolts. In addition, Room 1 has eeen swpplied 
40 with a swpplementary roof s1:1pport system consisting of rosk bolts, steel shannel sets, anEt a 
41 'Nfre mest:i and lasing system. 
42 
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The DOE will ensblre that any room in which waste will be placed VJill be Sbl#iciently supported 
to assblre compliance 'l«ith the applicable portions of the LJNA, which requires a thorough review 2 

of roof support plans anel practices by the 9blreau of Mines anel the Mine Safety anel Mealth 3 

Administration (MSMA). 4 

Escape reutes are elesignateel by reflectors on the sides of the drift green reflectors denote the 5 

primary escape roblte, anel reel reflectors denote the secondary escape roblte. The back of each 6 

reflector is white, denoting travel away from the egress point (see Chapter G). 1 

Unelergrounel Facilities Ventilation Svstem 8 

The blnelergrounel facilities ventilation system 1Nill previele a safe and suitable environment for 9 
blnelergrounel operations elblring normal '.llAPP facility operations. The blnelergreblnel system is 10 

elesigneel to provide control of potential airborne contaminants in the event of an accidental 11 

release er an blnderground fire. 12 

The main unelergreund ventilation system is divieleel into four separate flews (Figblre D 28): one 13 

flow serving the mining areas, one serving the northern experimental areas, one seF\•ing the 14 

disposal areas, anel one serving the VVaste Shaft anel station area. The four main airflows aro 15 

recombined near the bottom of the Exhaust Shaft, which serves as a common exhaust route 16 

from the unelergreunel level to the Sblrface. 11 

Unelergrouns Ventilation System Description 18 

The underground ventilation system consists of five centrifugal exhablstfans, two identical MePA 19 

filter assemblies arranges in parallel, isolation dampers, a filter bypass arrangement, anel 20 

associated elblct\vork. The fi1.ie fans, connected by the suct\.•tork to the blnsergroblRel e1d:\aust 21 

shaft so that they can inelepenelently elraw air through the Exhaust Shaft, are divided into two 22 

groups. One group consists of two main exhaust fans that are bltilized to provide the requires 23 

nominal air flow of 425,000 stanelarel ff per min (SGFM) throblghout the '."APP facility 24 

blnderground during normal operation. These fans are located near the ~hablst Shaft. The 25 

second group is comprised of the remaining three filtration fans, and each can provide 60,000 26 

SGFM of air flow. These fans, located at the exhaust Filter 9uileing, are capable of being 21 

employed eblring the filtration mode, 'Nhere exhablst is elivertee through MEPA filters, OF in the 28 

reduced OF minimum ventilation meee where air is not drawn throblgh the MEPA filters. 29 

The uneergrounel mine ventilation is eesigned to supply su#icient quantities of air to all areas of 30 

the repository. During normal operating moee (simultaneous mining and waste emplacement 31 

operations), approximately 140,000 actblal ff per min ~'\GFM) can be supplied to the panel area. 32 

This quantity is necessary in ereer to support the level of activity and the numbers of eliesel 33 

equipment that are expectee to be in operation. 34 
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1 At any given time d~uing 'Naste emplacement activities, there Vlill be a significant level of asti\'ity 
2 in three rooms. One reom will be receiving CH i.uaste containers (e.g., Room ~lo. 7), i,uhile the 
3 ne*1 room will be receiving RH lhiaste (e.g., Room ~lo. 6). The third room will be being drilled 
4 for RH emplacement boreholes (e.g., Room No. 13). The remaining rooms in a panel will either 
5 be completely filled 'Nith waste; be idle, awaiting 1Aiaste handling operations; or being prel'lared 
6 for waste receipt. Appre:><imately ~13,000 ~ per min will be required in each of these active 
1 reams auring O!"erations. This eiuantity of air is required to SU!"!"Ort the numbers and types of 
s diesel equi!'lmentthat are e*pectea to be in O!'leration in the area, to support the undergreund 
9 personnel working in that area, and to e*ceea a minimum air velocity of 60 ft (18 m) per min as 

10 specified in the VVIPP Ventilation Plan. The remainaer of the air is neeaea in order to account 
11 for air leakage threugh inactive rooms. 
12 

13 Air will be routed into a panel from the intake side. Ventilation '.Yill be maintained in all active 
14 rooms 'i.\•ithin a panel until waste emplacement activities are completed and the panel closure 
15 system is installed. The air will be routed simultaneously through all the active reoms within the 
16 panel. The rooms that are filled with waste will receive a minimal amount of air, 1Nhile the rooms 
11 that are astively being filled will reseive a greater volume of air to assure worker safety. 
1s Temporary ventilation bulkheads will be installed in eash panel room to assure correct air 
19 distribution and to prevent short cirsuiting of the airflow. After all reoms within a panel are filleGI, 
20 the panel will be closeGI using a closure system describeGI in Chapter I of this permit application. 
21 

22 The ventilation path for the ••11aste sisposal side is separated from the mining side by means of 
23 air locks, bulkheads, and salt pillars. A pressure differential is maintainea beti.veen the mining 
24 siae and the waste disposal side to ensure that any leakage is towards the disposal side. The 
25 pressure differential is prodused by the surface fans in sonjunction witl:i the unGlergrownGI air 
26 regulators. 
27 

2s UndeFgreunGI Ventilation Modes of Operation 
29 
30 The underground ventilation system is aesigneGI to perform under two modes of operation: 
31 normal (the HE:PA e*haust filtration system is bypasseGI) and fmered (tl:ie e:>ehaust is filtered 
32 through the HE:PA filtration system if the concentrations of raGlioastive sontaminants exceed 
33 pre set limits). 
34 

35 In the normal mode, the w.•o main surface e*haust fans, losated near the exhaust Shaft, will 
36 provide sontinuous ¥entilation of the unGlerground areas. All underground flows join at the 
37 bottom of the exhaust Shaft before discharge to the atmosphere. 
38 

~9 Outside air will be supplied to the mining areas, the 'Aiaste disposal areas, anGI the e*perimental 
40 cemple:>< through the Air Intake Shaft, the Salt Handling Shaft, and assess entries. A sFRall 
41 qwantity of outside air will flow down the Waste Shaft to •1entilate the \'Vasts Shaft station. The 
42 ventilation system is designed to operate with the Air Intake Shaft as the primary sowrce of fresh 
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air. Under these circ1.1mstances, s1.1#icient air \'Jill be available te sim1.1ltanee1.1sly cend1.1ct all 
undergre1.1nd eperatiens (e.g., waste handling, mining, experimentatien, and suppert). 2 

If enly one ef the twe main exhaust f.ans is available, the neneperatienal fan '#ill be iselated, and 3 

ventilatien will be previded by the remaining main exha1.1st f.an. Undergreund epeFatiens may 4 

preceed, b1.1t the number ef activities that can be perfermee in paFallel may be limitee. If both 5 

main exha1.1st f.ans are una1Jailable, they will be iselatee, ane ventilatien will be s1.1ppliee by 6 

epeFating ene er two ef the filtratien exha1:Jst f.ans. Te accemplish this, the iselatien eampers will 7 

be epenee, which will permit air te flew frem the main exha1.1st d1:1ct te the filter e1.1tlet plen1.1m. 8 

The filtratien fans may alse be eperatee te bypass the HEPA plen1.1m. The iselation eampers 9 

ef the filtration exhaust f.an(s) te be empleyee will be openee, ane the selectee f.an(s) will be 10 

switchee en.. In this meele, uneergreund operatiens will be limitee, because filtratien exha1.1st 11 

f.ans cannot previee efficient airflew te s1:1ppert the use of eiesel eq1:1ipment. 12 

In the filtration meele, the exhaust air '#ill pass thre1.1gh t\'le ieentical filter assemblies, with only 13 

one of the three Exha1.1st Filter Buileling filtratien fans eperating (all ether f.ans are steppeei). This 14 

system previees a means fer remeving the airbeme raeieactive centaminants in the ree1:Jcee 15 

exha1.1st flew befere they are eischargee thre1.1gh the exha1.1st stack te the atmesphere. The 16 

filtFation meee is actii,1atee manually or a1.1tematically if the raeiatien menitering system eetects 17 

abnormally high cencentrations ef airbeme raeioactive particulates. A1.1tematic activation '#ill also 18 

ecc1.1r if an alarm is receivee frem ene centin1.1ous air monitor at Statien A (a menitering system 19 

near the exha1.1st eischarge peint). 20 

A set of three beester f.ans will allow selecti1Je reversal ef airflew in the mining area, the nerthem 21 

experimental area, the Air Intake Shaft ane its asseciateei statien, ane the Salt Haneling Shaft 22 

ane its asseciatee statien. In these meees, airflow can be reversee by opening ane clesing 23 

certain ventilatien deers and air regulaters and by operating the 1.1ndergreund beoster fans (in 24 

either the fen\'are er the reverse directien). These f.ans will nermally be tumee eff ane will be 25 

iselatee, with air bypassing the f.ans ane flewing thre1.1gh the air leek. The surf.ace fans will be 26 

steppee befere attempting any uneergre1.1ne air reversals. These moees ef ventilatien will enly 27 

be implementee 1.1neer man1.1al centrel fer off normal ceneitiens (s1.1ch as a fire). 28 

Electrical System 29 

The \AAPP f.acility uses electrical pe11.ier (1.1tility pewer) s1.1ppliee by So1.1thwestem Public Service. 30 

If there is a less ef 1.1tility pewer, TRU mi><ed waste handling and related operatiens will cease. 31 

8ack1.1p, alternating c1.1rrent power will be previeee en site by t\\'e 1, 100 kilewat:t eiesel 32 

geneFators. These 1.1nits ~reviEle 4 QQ volt ~ewer with a high Elegree of reliability. each of the 33 

eiesel geneFaters can carry preeeterminee eq1.1ipment leaes while maintaining aeditienal pewer 34 

reserves. Preeeterminee leaes inclblee lighting ane ventilatien fer 1.1neergre1.1ne facilities, lighting 35 

and ventilatien fer the TRU mixed waste handling areas, and the Air Intake Shaft heist. The 36 
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1 aiesel generator can 13e erought on line 1Nithin 30 min either manually or from the control panel 
2 in the Central Monitoring Room (GMR). 
3 

4 Uninterruptiele power supply units are also on line pro11i8ing power to preaeterminea monitoring 
5 systems. These systems ensure that the pmver to the raaiation aetection system for airborne 
6 contamination, the local processing units, the computer room, ans the GMR will always ee 
1 availaele, e11en auring the inteP1al between the loss of off site power ans initiation of eackup 
8 aiesel generator po1Ner. 
9 

1 o D Qa(3)(g) Containers 
11 

12 Gontaineriii!:e8 TRU mixes waste for the \11APP Disposal Phase 11.,rill 13e receives at the 'PAPP 
13 surface facilities ans 'J.'ill 13e emplaced in the undergrobJnd MVVMUs. Containers of TRU mixes 
14 waste will ee manages in accoretance with the applicaele portions of 20 f)JMAG 4 .1, abJl3part V, 
15 Use ans Management of Containers. 
16 

11 Containers VVith Free Liauias 
18 

19 The 'PAPP VVAG precluae receiving TRU mixes waste in free liquia form. Mowei.<er, minor liquia 
20 resiaues not greater than 1 percent ey volume remaining in well 8raine8 bottles, cans, ans other 
21 containers will be acceptable. 
22 

23 Description of Containers 
24 

25 GM TRU mixes waste containers will be either 55 gal (208 L) arums arranges into seven packs, 
26 83 gal (314 L) arums arranges into four packs, ten arum overpacks, or SVV9s. RM mi:KeE.I waste 
21 containers will be canisters. A summary description of each container type is provided 9elo1.v. 
28 

29 Stan8ar8 55 Gallon Drums 
30 

31 Standaret 55 gal (208 L) drums meet the requirements for DOT specification 7A regulations. The 
32 drums are also required to ha•.ie a nominal life of 20 years from the sate of TRU mi:KeE.I 'Naste 
33 certification. 
34 

35 alanearet 55 gal (208 L) drums will generally be uses as TRU mi:Ked waste containers for 
36 collecting aerived waste. A standar8 55 gal (208 L) EiNm has a gross internal volume of 7.4 ft: 
37 (Q.208 m:). Figure D 29 shows a stan8ar8 TRY mi:KeE.I w.aste arum. A carbon composite filtered 
38 vent 'Nill 9e installea in the drum lid to prevent the escape of any radioactive particulates ans to 
39 eliminate any potential of pressuriii!:ation. 
40 

41 alandaret 55 gal (208 L) E.INms are constructee of mile steel ans may also contain rigid, moldee 
42 polyethylene (or other compati91e material) liners. These liners are procured to a spesifisation 
43 descrieing the functional requirements of fitting inside the drum, material thickness ane 
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tolerances, am:j quality controls amj req1:1iree testing. A quality assurance surveillance program 
is appliee to all procurements to verify that the liners meet the specification. The eFYFA material 2 

ane liner will net react ·.vith, ane will be etheiwise compatible with, the TRU mixee waste, so that 3 

the ability of the container to contain the TRU mixee i.vaste will be net impairee. Appeneix G1 4 

previees a eisc1:1ssien of compatibility. 5 

Stanearei \Naste Boxes (Sl/t/Bs) 6 

The SVVBs meet all the requirements of OOT specification 7A regulations. The SVVBs are also 7 

req1:1iree to have a nominal eesign life of 20 years from the eate of TRU mixee waste 8 

certification. 9 

The SV\'Bs are fittee at the generator sites with a staneare carbon composite filter as req1:1iree 10 

fer shipment in a TRUPAGT II ane fer safety e1:1ring TRU mixee waste storage. They have an 11 

internal vel1:1me gf e4 tt: (1 Q.5 m:). Appeneix 03 previees eetailee eesign erawings fer the S\AJBs 12 

(1e5 F 001 'N). 13 

Ten OFYFA Over13ack 14 

The TOOP is a metal container, similar to an S\'VB, that meets OOT specification 7A ane is 15 

certifiee to be nencemb1:1stible ane to meet all applicable requirements fer Type A packaging. 16 

The TOOP is a weleee steel, right circular cylineer, approximately 74 in. (1.Q FA) high ane 71 in. 17 

(1.8 FA) in eiameter (Figure 0 30). The maximum leaeee weight of a TOOP is 7,295 lbs (3,2Q4 .7 18 

kg). A beltee lie en one ene is removable; sealing is accemplishee by clamping a neoprene 19 

gasket between the lie ane the beey. Filter perts are lecatee near the top of the TOOP. each 20 

TOOP contains carbon composite filters. A TOOP may contain 1:1p to ten stanearei 55 gal (208 L) 21 

eFl:IFAS er one Sl.'VB. TOOPs may be 1:1see to everpack eFYFAS er SVVBs containing GM TRU 22 

FA~~~~- ~ 

eiahty Three Gallen OFl:IFA OveF13ack 24 

The 83 gal (314 L) eFYFAS meet the requirements fer OOT specification 7A regulations. The 25 

eFl:IFAS are req1:1iree to ha11e a nominal life of 20 years from the eate of TRU mixee waste 26 

certification. 21 

The 83 gal (314 L) eFl:IFA everpack 'Nill be 1:1see primarily fer everpacking centaminatee 55 gal 28 

(208 b) eFl:IFAS. 29 

RM Canister 30 

The payleae canister, er RM canister, meets all the requirements of DOT specifications 7A 31 

regulations. It is a carbon steel single shell container measuring 2e in. (0.7 FA) in eiameter, with 32 

an overall length of 121 in. (3.1 FA). The canister is ventee using a carbon composite MePA 33 
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graee filter ane is capable of overpacking three 30 gal (114 b) or 55 gal (208 b) waste eF1::1ms 
2 or 1:1ncontainerizee waste for haneling p1:1rposes. 
3 

4 0 1Jersack RH Canister 
5 

6 The overpack RH TRU waste canister is the same as the payloae RH canister, except it is 28 in. 
1 (0.7 m) in eiameter ane 133 in. (3.4 m) in maxim1:1m length ane weighs a maxim1:1m of 10,000 
8 lbs (4,535.0 kg) 'Nhen loaeeEI. 
9 

10 li]j~§t::~~t~=::@!l.~~!t.~~~~~i~~; 
11 

12 m:1~1I:mi,Xie:::w1'!!i':sn~1s~!n!~~!9:m::::~i::=~~11J?!!::::1a:::mm!l!!r::rMf. 

G-9Gt.P.iUlJ.O Treatment Effectiveness 
:;:::::;:;:;:::::;:;:::;:;:;:;: 

13 

14 

15 

16 

17 

18 

TRU mixed waste treatment, as defined in 20 NMAC 4.1, Subpart I, §260.10, for which a permit 
is required, is not performed at the WIPP facility. 

19 D Qg Environmental Performance Stanean3s for the Miscellaneo1:1s Unit 
20 

21 The \l\llPP miscellaneo1:1s 1:1nits have been eesignee, sitee, ane constNctee ane will be operatee, 
22 FRaintaines, ane closes in a manner that will ens1:1re protection of h1:1man health anEI the 
23 en1Jironment, in accoraance with 20 MMAC 4.1, S1:1bpart V, §264.601. The 'NIPP facility is 
24 locates in a sparsely pop1:1latee area with site conditions favorable to isolation of TRU mixed 
25 v..aste from the biosphere. Geologic ans hyerologic characteristics of the site relates to its TRU 
26 mixes waste isolation capabilities are eisc1:1sses in Section D Qa(1). The \l\llPP facility has been 
21 designes to facilitate safe haneling ans eisposal in orser to prevent adverse impacts to h1:1man 
28 health er the environment. Hazara prevention programs are describes in Chapter r= of this 
29 permit application. Contingency ane emergency response actions to minimize impacts of 
30 unanticipated events, s1:1ch as spills, are eescribes in Chapter G ef this permit application. The 
31 closure plan for the \l\llPP facility is sescribed in Chapter I of this permit application. 
32 

33 D Qe(1) Protection of Gro1:1ns·.vater and Subsurface Unit 
34 

35 ~pos1:1re of h1:1mans or environmental receptors to hazaraous waste or hazarao1:1s constitwents 
36 via the gro1:1nswater or s1::Jbs1:1rfase environment will be 1:1nlikely. This conclYsion is s1:1pported by 
37 the following considerations: 
38 

39 • The total TRU mixea waste volYme to be emplaced during the Disposal Phase has 
40 been limited by the b'l'/A to a vol1:1me of 6.2 million te. TRU mixed waste will be 
41 in 1:1nopened containers thro1:1gho1:1t the Disposal Phase. The physical form of the 
42 'IAPP facility TRU mixed v.1aste '.¥ill be solid. 
43 
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• The \GAPP facility repository is hyaFologically ans geolegically iselatea. As 
disc1:1sseel in Section O Q, the pem::ieability of the Salado, which hests the 2 

repository, is e~remely low, and f11:1ids within it are effectively immebilized. f)Jo 3 
11iable path1Nay e>Eists for TRU mi>Eed waste to migrate into gro1:1ndv1ater oF the 4 

s1:1bs1:1rface environment beyond the 1:1nit (see Chapter E of this pem::iit application). 5 

The 'MPP VI/AC prehibits the shipment of liq1:1id waste to the 'MPP facility. 6 

Cantrel of R1:1n On 1 

S1:1rface r1:1n on d1:1ring intense precipitation events co1:1ld potentially pass thre1:1gh the \/\APP site a 
from the east b1:1t 'Nill be di11erteel by a system of c1:1lverts and elrainage ditches designed te 9 

pFotect the 'MPP facility frem flooding, as depicted in Appendi>E 03, Orav;ing 24 C Q28 \Gl1. 10 

Therefere, r1:1n on 'Nill not affect the l=l\AJMUs. Appendi>E 03 provieles the additional 'MPP site 11 

grading and paving elrawings. Appemli>E 07 prevides the PMP calc1:1lations. 12 

D Qd(2) Pre*nr+ion of S1:1rface \'\t.ater. 'l'letlands. and Soil S1:1rface 13 

E-xpos1:1re of h1:1mans or envirenmental receptors te hazareo1:1s waste or hazardo1:1s 1,\faste 14 

constit1:1ents from s1:1rface water, wetlands, or the soil s1:1rface will be 1:1nlikely. This cencl1:1sion 15 

is s1:1pportes by the following consiserations. 16 

• All TRU mi>Ees waste will be containeel thre1:1gho1:1t the Disposal Phase. As 11 

sescribes above, the limitation on fFee liq1:1iss; previsions feF containment of any 1s 

F&lease within the 1:1nit; and locatien of the 1:1nit seep within a stable, isolates 19 

geelegic fom::iation effectively pF&cl1:1de any potential for contamination of s1:1rface 20 

wateF, v;etlanels, OF soil s1:1Fface. 21 

.._The site is 12 mi (1 Q km) northeast of and 5QQ ft (152. 4 m) above the Pecos RiveF. 22 

It is 4gg ft (121.Q m) abe·1e the 1QQ yeaF floosplain. The site has been gFaEifeEif te 23 

previde interceptor siversions to channel stom::i Nnott away from s1:1rface stNstwF&s 24 

tft,ppendi>E 07). The site drainage system has been designed to handle a pFo9able 25 

ma>Eimwm stom::i. bocal s1:1rface wateF dFainage and precipitation patteFAs ar:e 26 

aedr:essed in Section 0 Qa(1), Site Charasteristics. 21 

28 

• In the vicinity of the 'MPP facility, ther:e is no hydrelogic comm1:1nicatien ·.vith a 29 

swrface water sowrce. There is no driving mechanism that will allow TRY miMee 30 

v;aste to migrate threwgh the salt into a below s1:1rface wateF bearing wnit that 31 

discharges to swrface wateF. 32 

• The \'VIPP facility contains all stom::i wateF discharges in retention basins to meet 33 

the Feqwirements of the \"APP f)Jational Pollwtant Discharge Elimination System 34 

Stem::i WateF General Pem::iit. These retention basins contain swrface water 35 
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2 

discharges from inside the fenced facility preventing discharge to regional s1o1rtace 
waters, wetlands, or soil s1o1rfaces. 

3 

4 This s1o1pports the conclusion that adverse effects to h1o1man health or the envirenment frem 
5 s1o1rface water, wetlands, or soil s1o1rface path1.¥ays is unlikely. 
6 

1 D Qd(3) Pretection of the Atmosahere 
8 

9 Release of ha20ardo1o1s waste or ha20ardo1o1s constit1o1ents to the air that may have adverse effects 
10 on h1o1man health OF the envirenment is 1o1nlikely. Altho1o1gh voes co1o1ld ee present in the TRU 
11 mix:ed waste emplacea within the 1o1nit and co1o1ld potentially ee a so1o1rce of release to the air, 
12 s1o1ch a r:elease 'NG1o1ld not pose risks to h1:1man health or the em«irenment. 
13 

14 Lead and other heavy metals (pres1o1med to have the characteristic of tox:icity) will also ee pr:esent 
15 in ssme TRU mix:ed waste fQrms. Metal in the TRU mix:ed waste, most of which will ee lead in 
16 monolithic form, will ee present in ericks, sheets, or shot, rather than in partic1o1late form. The 
11 primary so1o1rces of other metals will ee in the form of sheets, reds, plating, parts of e'lwipment, 
18 or solidified sl1o1dges. Beca1o1se all TRU mix:ed v.<aste will be in containers and beca1o1se waste 
19 csntainer vents Jmploy partic1o1late filters, releases of partic1o1late metals to the atmospher:e I/Jill 

20 ee prevented. 
21 

22 Performance Standard 
23 

24 The compliance point relevant to air emissions frsm the 1o1ndergre1o1nEI M'J'JMUs (i.e., the point 
25 •/lher:e any eJEpos1o1re to r:eleases wowld occ1o1r) is the facility l301o1nElary defined in the LV'/A. This 
26 is the nearest location any memeer of the public could reside. The risk to the nearest resident 
21 is based on calculatisns dictated by DOe Orders and is doc1o1mented in the Final Safety Analysis 
28 Report (FSAR). The envirenmental performance standards 1o1sed in this application are ElefineEI 
29 in AppenElix: DQ. 
30 

31 Potential for Mealth Risks 
32 

33 This section summari20es the health amt envirenmental risks res1o1lting from ex:pos1o1re to air 
34 emissions from the \GAPP facility Et1o1ring disposal operations anEt facility clos1o1re. These 
35 emissions incl1o1de those from both open M'NMUs (i.e., panels of waste) and closeEI panels. 
36 Po'tential worker ex:pos1o1re anEt risk to the nearest resiEtent are considereEt. Mine ventilation will 
37 dil1o1te any gases that may be released from waste containers (see Table. D 3 for maxim1o1A=1 
38 occupational and p1o1blic ex:pos1o1re concentrations). Conservative ass1o1mptisns have been i:Rade 
39 in the risk calcwlaticms, which tend to overestii:Rate the conse'l1o1ences of releases to the 
40 envireni:Rent. 
41 

42 The daily average voe concentrations frem each disposal rsom have been estii:Rated to se at 
43 least 2 orders of i:Ragnitwde below OSMA, 9 hr tii:Re li.\'eighteEI a¥erages for workers. Mwi:Ran 
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health risks asseGiated with releases ef headspaGe gases freFA druFAs ef waste have been 
prejeGted fer beth \OA PP werkers and a hypethetiGal FAeFAber ef the publiG residing at the unit 2 

beundary during the 35 year eperatienal/Glesure peried. These risks are based en the eFAissien 3 

ef VOe headspaGe gases via ditrusien threugh the HEPA grade filters. 4 

In the undergreund, the greatest petential werker e*pesures weuld eGGur in an epen panel while 5 

•.\faste is being eFAplaGed. The highest voe sensentratien is prejested te be FAethylene shleride 6 

at 0.064Q parts per FAillien (ppFA) by veluFAe. This level is 7,700 tiFAes belew the OSHA werker 7 

pretestien level ef 500 ppFA by •1eluFAe. earben tetrashleride is respensible fer the FAajerity ef 8 

the risk pesed by sarsinegens. The sensentratien ef Garben tetrashleride in an epen panel is 9 

estiFAated te be 0.0434 ppFA by veluFAe, whish is 230 tiFAes 13elew the OSHA werker pretestien 10 

. lei.•el ef 10 ppFA by veluFAe. 11 

The greatest petential e*pesure te a FAeFAber ef the pul31iG ..... euld essur when the last panel is 12 

epen and 13eing filled and 'h'hen FAinute eFAissiens sentributiens freFA all slesed panels (via 13 

design 13asis ditrusien rates) threugh the Glesure systeFA are essun:ing. The highest 14 

sensentratien sentril3utiens are prejested te be freFA Garben tetraGhleride (0.006Q1 FAisregraFAs 15 

per FA:) Whish is appre*iFAately 1 Q tiFAes 13elew the H8b. Sinse this voe is regaFEleEJ as a 16 

petential sarsinegen, a statistisal insreased risk ef sentraGting Ganser Gan alse 13e asseGiated \•1ith 11 

its Gensentratien, eased en EPA health risk assessFAent guidanse. This risk is 1.41 * 10-12~ 18 

sarl3en tetrashleride, whish is well belew the EPA established asseptable risk level ef 10-s...fGF 19 

sarsinegens. 20 

Health risk sentributiens freFA voe eFAissiens freFA TRU FAi*ed waste sentainers being handled 21 

in the V\lt-48 are FAUGh sFAaller, 13esause enly a very liFAited nuFAber ef Gentainers (42 EJruFA 22 

e~uivalents) will 13e in the VVH8 at any gi11en tiFAe. The sensentratiens ef the saFAe nine voes 23 

ef senGem resulting freFA eFAissiens inside the VV.H8 are alse previded in Table D 3. These 24 

GenGentratiens are far belew levels ef health sensem. The largest prejeGted health risk te a 25 

hypethetiGal FAeFAber ef the pul31is residing at the \OAPP site beundary weuld 13e fer Garben 26 

tetraGhleride, at appre*iFAately 100,000 tiFAes belew the l9V.·est EPA le11el ef asseptable risk. The 21 

tetal risk freFA sentributiens freFA all nine seFApeunds is 50,000 tiFAes less than this asGeptable 28 

risk level. It is alse slear freFA Table D 3 that petential v.·erker e*pesures are alse well belew 29 

OSHA health preteGti11e levels fer eash voe. 30 

D QeDtll:P:I Monitoring. Inspection. and Reporting 31 

The following section describes the activities at the WIPP facility that will be undertaken to satisfy 32 

the regulatory requirements in 20 NMAC 4.1, Subpart V, §§264.601 and 264.602. 33 
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3 Groundwater Monitoring 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

In the development of the WIPP Project monitoring programs, potential pathways for release of 
hazardous constituents to the environment were evaluated. This evaluation indicated no credible 
release pathway via surface water. Release through groundwater is also believed to be 
implausible. In view of this, the DOE has prepared groundwater monitoring information 
consistent with 20 NMAC 4.1, Subpart V, §264.90(b)(4). This information is included as 

~l:.;J.~:1:,9;.~;g;~tt~~:;~!i,ill•llllilliifl.,llillflii=t~'i 
Ground-Control Program 

15 The ground-control program at the WIPP facility involves a very methodical approach to ensure 
16 that the underground is safe from any unplanned roof or rib falls. From the moment a drift is 
11 mined and throughout the life of the opening, care is taken to remove or restrain any loose, 
18 unsafe pieces of ground. As the opening ages, areas of the roof, ribs, and floor may become 
19 unstable. To prevent this from occurring, a very comprehensive ground control monitoring and 
20 support system has been implemented. 
21 

22 There are two major categories for the support systems: rock-bolt and supplementary. The 
23 rock-bolt systems are mechanically anchored bolts and resin-anchored threaded bar. The 
24 supplementary systems include cable with mesh, truss, and the design of Room 1, Panel 1. 
25 

26 The fundamentals on which the ground-control program at the WIPP facility are based are as 
21 follows: 
28 

29 

30 

31 

32 

33 

34 

35 

36 

• Ground stability is maintained as long as access is possible. 

• Ground-control maintenance efforts increase with the age of the openings. 

· • Ground-control plans are specific but flexible. 

• Regular ground-control maintenance is required. 

37 The approach used in the ground-control program at the WIPP facility utilizes experience gained 
38 from observation and analysis of salt behavior underground. This experience allows various 
39 projections to be made regarding future ground-support requirements. 
40 

41 One of the key elements incorporated into this approach is that salt moves, or creeps. Because 
42 of its plastic nature, salt tends to flow into an excavated opening. Ground-support systems 
43 cannot resist salt creep, so in order to provide long-term support, the ground-control system must 
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be able to accommodate the continuous creep of salt and to restrain broken or fractured rock 
in the roof. 2 

As more information becomes available regarding the long-term behavior of the WIPP 3 

underground excavations, the ground-control maintenance plan will be revised accordingly. The 4 

long-term plans are therefore flexible enough to accommodate changes. The ground-control s 
plan is regularly reviewed and revised as iterative, periodic evaluations are performed. 6 

Panel 1 Ground-Control Activities 1 

The consensus of the expert review panel was that a life of 7 to 11 years could be expected from 8 

Room 1, Panel 1, with limited maintenance (OOEl'!'APP Q1 057gQ§H;Hlil)· The review panel 9 

also stated that the life of rooms in Panel 1 could be extended with an enhancement of the 10 

support if routine maintenance is carried out, as required. The roof-support history of Panel 1 11 

is important, because information on the age of the openings and when the ground support was 12 

installed is vital to making predictions about future ground-support requirements. The following 13 

describes the major events in Panel 1: 14 

• Panel 1 was excavated in 1986-1988. 
• Panel 1 was pattern-bolted in 1988-1989. 
• Room 1 support system was installed for bin tests in 1991. 
• Room 2 support system (variation of Room 1} was installed in 1991. 
• Room 7 was rebolted in 1993. 
• S-1600 drift was rebolted in 1994. 

15 

16 

17 

18 

19 

20 

Based on experience and various monitoring activities, ground-support needs have been 21 

identified for Panel 1 as follows: 22 

• Openings maintenance 
• Ground-control system testing. 

23 

24 

Ground stability of Panel 1 is closely monitored, and all issues associated with the use of 25 

Panel 1 are reviewed at least annually. 26 

Geomechanical Monitoring 27 

The geomechanical monitoring program at the WIPP facility is an integral part of the ground- 28 

control programj{§i@llim!E!llQ}. HWMUs, drifts, and geomechanical test rooms will be 29 

monitored to provide confirmation of structural integrity. Geomechanical data on the 30 

performance of the repository shafts and excavated areas are collected as part of the 31 

geotechnical field-monitoring program. The results of the geotechnical investigations are 32 

reported annually. The report describes monitoring programs and geomechanical data collected 33 

during the previous year. 34 
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1 Performance monitoring of Panel 1 began with completion of the panel excavation in 1988. The 
2 monitoring system installed at the completion of excavation involves simple measurements and 
3 observations (e.g., vertical and horizontal convergence rates, and visual inspections). Minimal 
4 maintenance of instrumentation is required, and the instrumentation is easily replaced if it 
5 malfunctions. Conditions throughout Panel 1 are well known. The monitoring program provides 
6 data to compare the performance of Panel 1 with that established elsewhere in the underground. 
1 Panel 1 performance is being characterized by the following: 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

• The development of bed separations and lateral shifts at the interfaces of the salt 
and the clays underlying the anhydrites "a" and "b." 

• Room closures. A closure due only to the roof movement will be separated from 
the total closure. 

• The behavior of the pillars. 

• Fracture development in the roof and floor. 

• Distribution of load on the support system. 

21 Roof conditions are assessed from observation boreholes and extensometer measurements. 
22 Measurements of room closure, rock displacements, and observations of fracture development 
23 in the immediate roof beam are made and used to evaluate the performance of a panel. A 
24 description of the monitoring program was presented to the members of the Geotechnical 
25 Experts Panel (in 1991) who concurred that it was adequate to determine deterioration within the 
25 rooms and that it could provide early warning of deteriorating conditions. 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

Environmental Monitoring Program 

38 Establishment of environmental monitoring baselines for both radiological and nonradiological 
39 parameters was completed by compilation and publication of the baseline reports. These 
40 programs have been transitioned into the disposal phase. Pertinent data collection continues 
41 and is planned through the life of the project. 
42 
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Historically, the Radiological Baseline Program and the Ecological Monitoring Program quantified 
environmental parameters of interest to the facility. These two programs, originating in 1985, 2 

have established the baseline of parameters against which future operational sampling programs 3 

will be evaluated. The final baseline reports are published as appendices in the Waste Isolation 4 

Pilot Plant Site Environmental Report for Calendar Year 1991 (DOe, 1 QQ2a1lf,jll~lfl!!~1iiJ.11!i>· 5 

Currently, an environmental monitoring program (see Appendix D5) is underway and is designed s 
to detect hazardous chemical releases or increased radiological levels in the environment and 1 

to assess trends in environmental parameters that may be the result of WIPP facility operations. 0 

Radiological monitoring elements are described in the permit application for information only and 9 

comply with current DOE monitoring program requirements and objectives. Annual reports will 10 

be compiled with monitoring data and analyses during the Disposal Phase. 11 

An assessment of the potential dose to the public will be made annually based on a statistical 12 

analysis of the results of the ongoing radiological monitoring programs. This annual assessment 13 

of the WIPP operation's contribution to the public dose will be presented in future site 14 

environmental reports. An example of the report is provided as Appendix D4. 15 

Air Monitoring 16 

DOE Orders require the monitoring of potential sources of tili!li!l!!!Gontaminates airborne 11 

emissions and also require that these monitoring programs be adequate to demonstrate 10 

compliance with applicable riilt.!!miiiidose limits for the protection of the public and the 19 

environment, such as those specified by the National Emission Standards for Hazardous Air 20 

Pollutants (NESHAPs) (40 CFR Part 61, Subpart H). These FeEti:.irements ans the resi:.lts of the 21 

analysis of 'NIPP operations ans monitoring systems aFe sissi:.sses in the r>Je~l=IAPs sata 22 

paskage that was pFepares ans si:.bmittes to the ePA.fflfi!Nif!Im~:tfijbl!!:e=R:::§.IB.If@lll.il!~P:m 23 

S!m9ai:1r1.~11i11~:=:1xe!9:1il::::r@1111e1::::921!!::::1m::::J,111:1~~1.rn::::emm::::e1111~=::1~:::11:;::r,r;11E1m11::9a1 24 

J,!mm:i::m1t!mt1~::::mn!tPa1::::11:::m.et:::ri1t!ftil.~: 25 

Aerosol Sampling Program 26 

The WJPP has established an aerosol sampling programJ:!ttIM!Il!il8Pfit!miflfJm:t§f 21 

fidldiililldei. Continuous aerosol samplers operate at seven locations, three within 3,280 ft 20 
:·:-:·:·:·:-:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 

(1,000 m) of the facility boundary, three at local ranches and communities, and one at a sample 29 

control site. The filters from these continuous air samplers are collected on a weekly basis and 30 

subsequently analyzed. The results of these analyses and a detailed description of the current 31 

programs are provided in Appendix D4. 32 
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Ambient Radiation Monitoring 

3 The ambient radiation monitoring program, designed to monitor low levels of gamma radiation 
4 in the environment, employs a Reuter-Stokes high-pressure ionization chamber (HPIG). This 
5 instrument is located at the WIPP Far-Field location, 3,280 ft (1,000 m) northwest (the principal 
6 downwind direction) of the Exhaust Shaft. This system has been used to establish baseline 
1 parameters for the WIPP facility. The results of the current monitoring program are presented 
0 in Appendix 04. 
9 

10 Radiological Soil Monitoring 
11 

12 Radiological soil monitoring has been implemented to establish baseline parameters. Samples 
13 have been collected and analyzed from a total of 37 locations within a 50-mi (80-km) radius of 
14 the WIPP facility. At each location, samples from three depths have been collected and either 
15 analyzed for 19 different radionuclides or archived for future reference. 
16 

11 The sampling activities have been divided into three geographic areas. These include the WIPP 
10 site group, which has the smallest scale and consists of eight locations at the cardinal compass 
19 directions from the center of the Property Protection Area. Because of the proximity to the WI PP 
20 facility, this group is perhaps of the most interest in identifying potential radiological releases 
21 from operations. The next area is the Five Mile Ring, at a radius of approximately 5 mi (8 km) 
22 from the center of the Property Protection Area with 16 locations. The last area is the Outer 
23 Sites, with 13 locations representing a variety of habitats, soil types, and land uses in 
24 southeastern New Mexico. The data and analytical results from each of these sampling locations 
25 have been presented in the Statistical Summary of the Radiological Baseline Program for the 
26 Waste Isolation Pilot Plant (OOe, 1QQ2b!g:[:!(lf:t!fiiJIY!liI~t!~i>· 
27 

20 Hydrologic Radioactivity Monitoring 
29 

30 The hydrologic radioactivity monitoring program has been designed to measure characteristic 
31 radiological levels in surface-water bodies, bottom sediments, and groundwater. Water samples 
32 have been collected and analyzed for 18 different radionuclides. The resulting data from the 
33 surface-water and groundwater sampling programs have been analyzed independently. Bottom 
34 sediments have been analyzed for 17 different radionuclides. The baseline results of these 
35 programs were presented in the Statistical Summary of the Radiological Baseline Program for 
36 the Waste Isolation Pilot Plant, (OOe, 1 QQ2b(Urff:!m!ifi~!!Elllll>· 
37 

38 Surface-Water and Sediment Monitoring 
39 

40 

41 

42 

43 

Much like the soil-sampling programs. the surface-water and sediment-monitoring programs 
serve as measures of confirmatory monitoring for the detection of atmospheric{'HiD.i.tiflEiii 

:-:·:·:·:-:·:·:·:-:·:·:·:·:·:·:·:·:·:·:·:-:-:-:-:·:·:·:·:·:·:·:·:·:: 

releases. As a release to the atmosphere is the only release scenario considered credible for 
the operational life of the facility, data are compared to the previously established baseline. 
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During the Disposal Phase, statistically significant changes will be studied to evaluate ifthe WIPP 
programs are a contributor to an increase in the radionuclides detected. 2 

Because of the absence of surface waters in the vicinity of the WI PP facility the geographic 3 

sampling group that could provide the data of most interest is the stock tanks. These are 4 

typically man-made catchment basins, five of which were chosen because of their location with 5 

respect to the WIPP facility. In addition to these five stock tanks, the WIPP effluent water 6 

(sewage lagoons) and influent have been sampled and analyzed annually. The results are 1 

provided in Appendix D4. 8 

Groundwater Characterization 9 

All groundwater samples have been collected in accordance with DOE's Water Quality Sampling 10 

Program (WQSP) for the WIPP (Westinghouse, ~1:1§9.). The primary objective to date has 11 

been to obtain representative and repeatable groundwater-quality data from selected wells under 12 

rigorous field and laboratory procedures and protocols. These procedures delineate the field 13 

programs that must be followed to ensure that all samples collected during any given period are 14 

comparable to previous sampling rounds. 15 

The primary water-bearing units being evaluated by the WQSP have been the Culebra and the 16 

Magenta members of the Rustler. The data are located in the Statistical Summary of the 11 

Radiological Baseline Program for the Waste Isolation Pilot Plant (0015, 1992bJ.tti!ff:Mf!ll!§I§(: 18 

:jS,$2, §5). In addition to the sampling in these formations, several wells that lie in the Dewey 19 ........................... 

Lake have been sampled. 20 

Biotic Radioactivity Surveillance 21 

The biotic radioactivity surveillance program has characterized radiological levels in key 22 

organisms along possible food-chain pathways to man. Vegetation, rabbits, quail, beef, and fish 23 

have been sampled, and palatable tissues have been analyzed for concentrations of transuranics 24 

and common naturally occurring radionuclides. 25 

Nonradiological Environmental Surveillance 28 

The Nonradiological Environmental Surveillance (NES) programs were preceded by the WIPP 21 

biology programs (1975-1982), which combined scientific and technical expertise from six 28 

universities to develop an extensive baseline of information describing the major components of 29 

the Los Medalios ecosystem prior to the initiation of WIPP construction activities. The principal 30 

functions of the NES have been: 31 

• To detect and quantify the impacts of construction and operational activities at the 32 

WIPP on the surrounding ecosystem 33 
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• To continue the development of the ecological database for the Los Medalios area 
that was initiated by the WIPP biology program 

• To investigate unusual or unexpected elements in the ecological databases 

• To provide environmental data that are important to the mission of the WIPP 
Project but which have not or will not be acquired by other programs. 

9 Ecological monitoring has included five specific programs: f1) meteorological monitoring, f2) air-
10 quality monitoring, t3) water-quality monitoring, {4) wildlife-population monitoring, and 
11 fS) surface-disturbance monitoring through the analysis of aerial photographs. 
12 

13 In addition to the ecological monitoring programs, the WIPP program has also conducted salt-
14 impact studies, which consist of soil chemistry, soil microbial activity, and vegetation. The 
15 primary function of these studies has been to determine the impacts on the surrounding 
15 environment from the movement and storage of salt that results from the mining activities. 
17 

18 Like the radiological programs, the results of the ecological monitoring and the salt studies have 
19 been published in the Annual Site Environmental Report (ASER) (Appendix 04). The statistical 
20 baseline for all of the areas has been compiled and was published in the Statistical Summary 
21 of the Radiological Baseline Program for the Waste Isolation Pilot Plant (QQe; 

22 1 QQ2b1t~1~0.snPY.~t;tm~1f:>. 
23 

24 Meteorological Monitoring 
25 

25 The primary purpose for on-site meteorological monitoring has been to provide the capability for 
21 assessing the impact of an accidental release using real-time data. Data are obtained from a 
28 meteorological station located just beyond the northeast comer of tfi!!JProperty Protection Area. 
29 The station includes measurements of wind speed, wind direction, and temperatures at 10, 33, 
30 and 131 ft (3, 10, and 40 m), respectively, and measures dew point and precipitation. These 
31 parameters are continuously measured, and the data are monitored real-time in the GeRtral 
32 MeRiteFiRg Reem (CMR}- and stored in the Central Monitoring System. 
33 

34 In addition to the meteorological monitoring station, the WIPP operates an atmospheric 
35 monitoring station (AMS) that measures and records temperature and barometric pressure at 5 ft 
36 (1.5 m), with wind speed and wind direction measured at 33 ft (10 m) (QQe; 

37 1 gg2a!i'§i1lltt!Hil~'.::::1m>. 
38 

39 Water-Quality Monitoring 
40 

41 The water-quality monitoring program has been conducted in conjunction with the hydrologic 
42 radioactivity monitoring as part of the WQSP. In accordance with the WQSP, groundwater 
43 samples have been collected from wells drilled and completed specifically for the WIPP studies. 
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The program has been operational since January 1985, and groundwater-quality data generated 1 

since this time were used to establish the WIPP water-quality background characterization. 2 

As a part of the environmental monitoring program, the WQSP has provided water-quality data 3 

on key environmental parameters for groundwater near the WI PP. Samples have been routinely 4 

analyzed for general chemical parameters, including metals and EPA-listed hazardous organic 5 

substances. The data collected by this program have been compiled and are presented in 6 

Appendix 04.. 1 

Wildlife-Population Monitoring 8 

Population-density measurements of raptors, breeding birds, and small nocturnal mammals have 9 

been performed annually to assess the effects of WI PP activities on wildlife populations. Two 1 o 
permanent study plots adjacent to the WIPP facility have been used for each of these two 11 

classes of wildlife. The data from the study plots have been compared to two control plots to 12 

assess the effects of WIPP activities on wildlife populations. 13 

Although not compiled as a baseline, the wildlife monitoring data have been presented on an 14 

annual basis in the ASER. Each year they have been compared to those of previous years and 15 

fluctuations in densities evaluated against a number of parameters. 16 

Aerial Monitoring 17 

Aerial photographs of the WIPP have been taken and used to document surface disturbance, 18 

development, and reclamation activities at the WIPP and surrounding lands. This photography 19 

allows documentation of changes in the WIPP vicinity. Any unusual changes noted can be 20 

evaluated, and a determination can be made as to the cause and the potential role of WIPP 21 

activities in affecting these changes (DOe, 1QQ4~!:::~pp@nqm::::gp). 22 

Volatile Organic Compound Monitoring 23 

The velatile erganis sempe~ne (VOC} monitoring program activities have focused on the air 24 

pathway since 1991. The airborne emission of voes is the only credible release pathway from 25 

the WI PP facility during disposal operations, and the final closure design basis requires this 26 

pathway to be eliminated upon final closure. With over ~9::::1Jf:H9§!UiH years of data, a 21 

credible basis for determining the WIPP's background levels of the targeted VOCs has been 28 

established. 29 

In recognition that the volatile hazardous constituent concentrations at the facility boundary as 30 

defined in the LWA were predicted using conservative assumptions and she~UIUB a margin 31 

of safet¥99i.ll.lfiii of 1 O or greater below l!fii1!R!@t::m:::::::!Rt!!::::::::he~Ith.,.,'li'i';~e levels 32 

(Sestien DQEe][3]Table D-32), monitoring of voes during continued disposal operations will not 33 
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1 be meaningful and is not planned. Calc1:1latiGn briefs fgr environmental performance analyses 

2 af&:l\[i'.t::::e!l~lti:!iil!!r§,i'i@!~!!~l!:Iltiil! presented in Appendix 09. 
3 

4 Sampling Schedules 
5 

6 Tables D-4.p and D-a§ summarize typical environmental monitoring sampling and analysis 
1 schedules. The tables list the sample types, the number of sampling stations, the approximate 
8 sampling schedule, and the environmental/ecological parameters to be monitored or analyzed. 
9 Additional or different types of samples will be collected and analyzed as necessary to 

10 investigate and explain trends or anomalies that may have a bearing on the environmental 
11 impacts of the WIPP Project. The environmental monitoring program will be reviewed annually 
12 by WIPP facility personnel. The scope and intensity of the program will be adjusted in response 
13 to changing facility processes, environmental parameters, and program results. 
14 

15 Sampling and related activities (record keeping, packaging, and shipping) will be conducted in 
16 accordance with written procedures and instructions. Upon request, the State of New Mexico 
11 may obtain duplicate samples for independent verification of the DOE environmental surveillance 
18 program. Quality assurance/quality control will be established within the framework of the WIPP 
19 Quality Assurance Program. 
20 

21 () Qe(2)~j)Q~~):j Inspection 
22 

23 As required in 20 NMAC 4.1, Subpart V, §§264.15 and 264.33, the WIPP facility and systems 
24 are inspected on a regular basis and in accordance with written procedures to assure their 
25 integrity, maintenance, and safe operation. Inspections focus on identifying malfunctions, signs 
26 of deterioration, operator errors, and discharges or spills. Inspections are undertaken on a 
21 regular schedule based on the likelihood of component failure and associated consequences. 
28 

29 Chapter F of this permit application describes the inspection program at the WIPP facility . 
.:iO Monitoring equipment, safety and emergency equipment, security devices, and operating and 
31 structural equipment related to TRU mixed waste management activities will be inspected to 
32 ensure that human health and the environment will be protected. 
33 

34 () Qe(3)~jlQl,@ii Reporting 
35 

36 Biennial Report 
37 

38 In accordance with 20 NMAC 4.1, Subpart V, §264.75, a biennial report on facility activities will 
39 be prepared and submitted to the Secretary of the Ne•:J Mexico l5n•1ironment Department (NMED} 
40 and to the EPA Region 6 Administrator. The report will be prepared and submitted to cover 
41 facility activities during the previous two years. The EPA identification number and the name and 
42 address of the facility will be included in the report. A description and the quantity of each 
43 RCRA-regulated TRU mixed waste received at the facility will be listed by the EPA identification 
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number of each TRU mixed waste generator from whom the WIPP facility received the TRU 
mixed waste. The report will also describe both the efforts undertaken at the WI PP facility during 2 

the reporting period to reduce the volume and toxicity of hazardous waste generated on site and 3 

the effectiveness of those efforts in comparison with prior years. Reports will be submitted in 4 

even numbered years by March 1 of that year. 5 

Unmanifested Waste Report s 

The WIPP facility will not accept unmanifested hazardous waste. All TRU mixed waste 1 

shipments will be accompanied by a hazardous waste manifest that satisfies all the requirements a 
of 20 NMAC 4.1, Subpart V, Manifest System, Recordkeeping, and Reporting. The manifest will 9 

be reviewed upon receipt of the shipment. Discrepancies in the hazardous waste manifest will 10 

be resolved with generators before TRU mixed waste will be emplaced. If discrepancies cannot 11 

be resolved within thirty working days, waste 'Nill be ret~med to the generator storage site§ 12 

11t11nm111a::m1!:11:::m11@::ifm1m1t:!1::E1n!ma1::111~1et.::@:::11m11110:::et::t1:::r11rtt:t~1:111t1::m::~1i 13 

s~n!m~P:r:::1tt1. 14 

Additional Reports 15 

In compliance with 20 NMAC 4.1, Subpart V, §264.560), and 20 NMAC 4.1, Subpart VI, 1s 

§265.560), any release, fire, explosion, or other unusual occurrence that results in the 11 

implementation of the contingency plan will be noted in the WIPP facility operating record and 1a 

will be reported in writing within 15 days to the Secretary of the NMED and the Administrator, 19 

EPA Region 6. Details of unusual occurrence reporting, as required by the DOE, are in 20 

Chapter G of' this permit application. 21 

Final closure of the site will be reported within 60 days of completion in accordance with 22 

20 NMAC 4.'I, Subpart V, §264.115, and as described in the WIPP Closure Plan (Chapter I of 23 

this permit application). 24 
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LIST OF DRAWINGS IN APPENDIX D3, 
DETAILED PLANS AND DRAWINGS 

I -
I Title 

Project Location Maps 

WIPP Site Facility Master Plan 

WIPP Site Finish Grading and Paving 

Site Work Finish Grading and Paving - Sections and Details 

WIPP Site Primary Power Distribution - One Line Selected Load System 
Interrupter Lineup Surface and Underground 

Waste Handlir< .. • .. dlding 411, Firewater Collection System, Flow Diagram 

Waste Handling Building 411, Fire Protection Sprinkler System P&ID 

Waste Handling Building 411, Fire Protection Sprinkler System P&ID 

Waste Handling Building 411, Fire Protection Sprinkler System P&ID 

Waste Handling Building 411, Fire Protection Sprinkler System P&ID 

Underground Utilities, Fire Panel 534-FP-0320 (Panel Area) 

Underground Utilities Fire Panel 534-FP-00601 (Waste Shaft Area) 

Waste Handling Building No. 411, Architectural, C.H. Area-Plan at El. 100'0" 

Waste Handling Building No. 411, Architectural, RH Area - Plan at El. 100'-0" 

Waste Handling Building No. 411, Architectural, Mech. Equip. Rm. Plan at El. 
123'-0" 

Waste Handling Building 411, Architectural, Plans at Tower 

Waste Handling Facilities TRUPACT Dock Equipment Arrangement 

Waste Handlina Buildina 411, CH Area HVAC Flow Diagram 

Waste Handling Bldg 411, RH Area HVAC Flow Diagram 

Waste Handling Bldg 411, Miscellaneous HVAC Flow Diagram 

Waste Shaft 311, Shaft Development Sections 

Waste Shaft 311, Shaft Lining and Key Section and Details 

TRUPACT II Standard Waste Box Assembly 

Underground Mine, Ventilation System 

Underground Mine Plan, Shaft and Drift Dimensions 

Underground Utilities, Plant Communications Evacuation Warning Layout 
Arrangement 

Underground Utilities Public Address System Arrangement 

Underground Utilities Plant Communications Mine Page Phones Plan View 

Waste Handling Building 411, First Floor EL 100'-0" Plant Communications 
Arranaement 

Waste Handling Building 411, EL 123'-0" and Above, Plant Communications 
Arrangement 

Underground Facilities Typical Disposal Panel 
1 ne most current version ava11ao1e at me ume of permit app11cat1on suomma1 w111 oe containea in Al pp enalX U-'. 
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TABLE D-2 
MAXIMUM ESTIMATED OCCUPATIONAL AND PUBLIC EXPOSURE FROM 

UNDERGROUND WASTE voe EMISSIONS 

29 CFR 1910.1000 

Open Panel OSHA 8-Hour Time Estimated Risk for 
Exhaust Exhaust Shaft Weighted Average Carcinogens and Hazard 

Concentrations Concentrations Concentration Quotients for Non-
from Waste from Waste Permissible Exposure Carcinognes for Public 

Indicator Volatile Organic Emissions Emissions Limit Exposure to Waste 
Compounds {ppmv) {ppmv) (ppmv) Emissions 

Carbon Tetrachloride 9.53e-01 9.43e-03 10 Se-08 

Chlorobenzenea 3.0Se-02 3.02e-04 75 4e-06d 

Chloroform 7.12e-02 7.02e-04 sob 4e-09 

1, 1-Dichloroethylene 3.37e-02 3.31e-04 1c 4e-09 

1,2-Dichloroethane 2.51e-02 2.48e-04 50 1e-09 

Methylene Chloride 1.14e+OO 1.12e-02 500 1e-09 

1, 1,2,2-Tetrachloroethane 2.37e-02 2.35e-04 5 Se-09 

Toluenea 4.89e-02 4.84e-04 200 2e-06d 

1, 1, 1-Trichloroethane 8.0Se-01 7.97e-03 350 3e-08 

- . -- --·----- -·· _,..__ --- - --- -- ----·-----
b. Ceiling value, a 15-minute time-weighted average; no 8-hour value specified 
c. No value specified; assumed to be 1 ppmv 
d. Non-Carcinogen hazard quotient 
e. Acceptable level of risk for carcinogens is the probability of developing cancer, and for non-carcinogens is a hazard quotient less than or equal to 1 
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Acceptable 
Level of Riske 
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1 

1e-06 
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BASIC DESIGN REQUIREMENTS, PRINCIPAL 

CODES, AND STANDARDS 

AIR 
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QUALITY 
LIQUID AND PROCESS AIR HANDLING PROCESSING DUCTING MECHANICAL HANDLING INSTRUMENTATION AND ASSURANCE 

STRUCTURE/SUPPORTS AND STORAGE EQUIPMENT &FANS HVAC FILTERS EQUIPMENT 

PIPING & VALVES 
HEPA ALL 

STORAGE HEAT ALL FILTERS CRANE OTHER 
DBE SITE- TANKS EXCHGRS OTHER PRE- MIL F AND EQUIP-
DBT SPECIFIC VESSEL ANSI PUMPS APl-650 ASME EQUIPMENT ARI FILTERS 51068C RELATED CMAA MENT 

ACl-318 ANSI REQUIRE- ASMEVlll 831,1 APl-610 OR VIII MFRs SMACNA ASHRAE ANSI N 509 EQUIPMENT AISC MF Rs 
AISC A58.1 MENTS NFPA' NFPA' UPC NFPA' APl-620 TEMA STD AMCA 52.68 ANSI N 510 CMAA AWS STD 

DESIGN x a x x x x x x x x x 
CLASS f c c,d c 

I 

DESIGN a,b x a x x x x x x x x x x 
CLASS c c c 

II 

DESIGN a x a a x a x x x x a a x 
CLASS c c c 

lllA 

DESIGN x g a x x x x x x 
CLASS 

1118 

X = Minimum Requirements 
"Requirements to be determined on a case-by-case basis. 
"Required for structure and supports needed for confinement and control of radioactivity. 
':>'ept structures and supports that are designed to withstand a design-basis earthquake (DBE)/design-basis tornado (DBT) when specified in column 1 of this table. 
'Underwriter's Laboratory (UL) Class I Listed. 
'For fire-protection systems. 
'American Society for Mechanical Engineers (ASME) Ill for other Class I vessels. 
'Design of underground structures, mining equipment, and facillties are basically governed by the MSHA and experience in local mines. 

ACI 
AISC 
AMCA 
ANSI 
API 
ARI 
ASH RAE 

ASME 

American Concrete Institute 
American Institute of Steel Construction 
Air Moving and Conditioning Association 
American National Standards Institute 
American Petroleum Institute 
Air Conditioning and Refrigeration Institute 
American Society of Heating, Refrigeration, and Air 
Conditioning Engineers, Inc. 
American Society of Mechanical Engineers 

AL/5-95N>JP/WIPPARTB/REV5CR:TBLS-D 

AWS 
CMAA 
DBE 
DBT 
HEPA 
HVAC 
IEEE 
ISA 
MFR 

American Welding Society 
Crane Manufacturers Association 
Design-basis earthquake 
Design-basis tornado 
High-efficiency particulate air 
Heating, Ventilation, and Air-Conditioning 
Institute of Electronics and Electronic Engineers 
Instrument Society of America 
Manufacturer 

D-105 

MIL 
MSHA 
NFPA 
NQA 
SMACNA 

STD 
TEMA 
UPC 

ELECTRICAL PROGRAM 

ANSI 
STDS OR 

NAT'L ANSl/ASME 
ELEC- ISA/ NQA-1 AND 

TRI CAL MFRs SUPPLE-
IEEE-NE CODE STD MENTS 

x x x 

x x x 

x x x 

x x 

Milltary (specification) 
Mine Safety and Health Administration 
National Fire Protection Association 
Nuclear Quality Assurance (Standard) 

COMM. 
AND 

INDUSTRY 
PRACTICES 

x 

Sheet Metal and Air Conditioning Contractors National 
Association, Inc. 
Standard 
Tubular Exchanger Manufacturers Association 
Uniform Plumbing Code 
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TABLE D-4 
WASTE HANDLING EQUIPMENT CAPACITIES 

CAPACITIES FOR EQUIPMENT 

CH Bay overhead bridge crane 10,000 lbs. 

CH Bay forklifts 26,000 lbs. 

Facility Pallet 25,000 lbs. 

Conveyance Loading Car 36,000 lbs. 

Underground transporter 28,000 lbs. 

Underground forklift 6 tons 

RH bay bridge crane 140 tons 

Road cask transfer car 25 tons 

Facility cask rotation fixture no specific load 
rating. 

Grapple Hoist 6.25 tons 

Hot cell crane 15 tons 

Cask handling forklift 41 tons 

Horizontal Emplacement Equipment handling forklift 20 tons 

Adjustable center-of-gravity lift fixture 5 tons 

MAXIMUM GROSS WEIGHTS OF CONTAINERS 

Seven-pack of 55-gallon drums 7,000 lbs. 

Four-pack of 85-gallon drums 4,500 lb~. 

Ten-drum overpack 7,000 lbs. 

Standard waste box 4,000 lbs. 

RH Canister 8,000 lbs. 

Over packed RH Canister 10,000 lbs. 

MAXIMUM NET EMPTY WEIGHTS OF EQUIPMENT 

TRUPACT-II 13,140 lbs. 

Adjustable center of gravity lift fixture 2,500 lbs. 

Facility pallet 4,120 lbs 

RH-72B shielded road cask 34,710 lbs. 

Facility cask 67,700 lbs. 
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TYPICAL SAMPLING SCHEDULE 

Type of Sample Sampling Locationsa Sampling Frequency 

Liquid influent 1 Annually 

Liquid effluent 1 Annually 

Airborne effluent 3 Continuously 

Meteorology 2 Continuously 

Exposure rate meter 1 Continuously 

Atmospheric particulate 7 Weekly 

Veoetation radioanalysis 7b Annually 

Beef r; .dioanalysis 2 Annuallyb 

Game bird radioanalysis 1 Annually 

Rabbit radioanalysis 2 Annually 

Deer radioanalysis 2 Annually 

Fish radioanalysis 2 Annually 

Soil radioanalysis 6 Annually 

Surface-water radioanalysis 12 Annually 

Groundwater 7 Annually 

Sediments radioanalysis 10 Annually 

Aerial photography 1 Annually 

Soil chemistry 7 Annually 

Wildlife survey 4 Annually 

asampling locations are shown in the Site Environmental Report (Appendix 04). 
blf available. 
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TABLE D-6 
TYPICAL ENVIRONMENTAL SURVEILLANCE 

ANALYSIS SCHEDULE 

Type of Sample Analysis 

Liouid influent Radionuclides 

Liquid effluent Specific radionuclides, chemical constituents 

Airborne effluent Gross p, specific radionuclides 

Meteorology Temperature, wind speed, wind direction, precipitation, dewpoint, 
barometric pressure 

Exposure rate meter Penetrating radiation 

Air quality Total suspended particulates 

Vegetation radionuclides Specific radionuclides 

Beef radioanalvsis Specific radionuclides 

Game bird radioanalysis Specific radionuclides 

Rabbit radioanalysis Specific radionuclides 

Fish radioanalysis Specific radionuclides 

Deer radioanalvsis Specific radionuclides 

Soil radioanalysis Specific radionuclides 

Surface-water radioanalysis Specific radionuclides 

Groundwater analysis Specific radionuclides, chemical constituents 

Sediments radioanalysis Specific radionuclides 

Aerial photoqraphy Area of land disturbed 

Wildlife survey Bird and small mammal oopulation densities 

Salt impact study: pH, electrical conductivity, sodium, chloride, magnesium, calcium, 
Soil chemistry potassium 

SP.ecific radionuclides = Pu23a, Pu239, Pu240, Pu242, u233, Am241, Am243, Cm244' Th232, Np231, Ra22s, Cs 137, 
Sr0, Co60, Unat• and Thnat· 

Chemical constituents = chloride; iron; manganese; phenols; sodium; sulfate; pH; specific 
conductance; total organic carbon; total organic halogen; arsenic; barium; cadmium; chromium; 
fluoride; lead; mercury; nitrate; selenium; silver; endrin; methoxychlor; toxaphene; 2,4-0; 2,4,5-TP 
silvex; radium; turbidity; coliform bacteria. 
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2 

3 

This appendix describes the Waste Isolation Pilot Plant (WIPP) site in terms of its geology, 4 

hydrology, climatology, air quality, ecology, and cultural and natural resources. The purpose of 5 

this appendix is to provide information on the disposal system's natural characteristics that are 6 

relevant to the assessment of the WIPP site as a potential repository for transuranic (TRU) and 7 

TRU mixed waste and to establish the favorable characteristics of the site and background 8 

environmental quality. The U.S. Department of Energy (DOE) is developing the WIPP as a deep 9 

geologic repository for disposal of TRU waste from government defense installations across the 10 

country. In order for the DOE to formulate a reasonable expectation of site conditions far into 11 

the future, the DOE has characterized the site fii~]l@!ij§g~~§~[i,~~g in detail to provide basic 12 

data for a variety of geologic and hydrologic parameters. The DOE uses these parameters in 13 

computational models to predict the likelihood and possible consequences of various scenarios 14 

expected to apply to the WIPP site over a 10,000-year period 15 

The DOE located the WIPP site 26 miles (mi) (41.8 kilometers [km]) east of Carlsbad, New 16 

Mexico, in Eddy County (Figure D6-1 ). The region surrounding the WIPP site has been under 17 

study for many years, and exploration of both potash and hydrocarbon deposits has provided 18 

extensive knowledge of the geology of the region. Two exploratory holes were drilled by the 19 

federal government during 197 4 at a location northeast of the present site; that location was 20 

abandoned in 1975 as a possible repository site after a well, U.S. Energy Research and 21 

Development Administration (ERDA)-6, was drilled, and unacceptable structure and pressurized 22 

brine were encountered. The results of these investigations were reported by Powers et al. 23 

(1988, pp. 2-6). During late 1975 and early 1976, the ERDA identified the present site, and an 24 

initial exploratory hole (ERDA-9) was drilled. By the time an initial phase of site characterization 25 

was completed in August 1978, 47 holes had been drilled or were in progress for hydrologic and 26 

various geologic purposes. Geephysical techniques •.yere medified te address lecal geelegy and 21 

WIPP needs and provided significant suppert as screening techniques fer specific geelegic 28 

anemalies. Since 1978~ the DOE has drilled additional holes to support hydrologic programs, 29 

geologic programs, and facility design. Geophysical logs, cores, basic data reports, geochemical 30 

sampling and testing, and hydrological testing and analyses are reported by the DOE and its 31 

scientific advisor, Sandia National Laboratories (SNL), in numerous documents and are 32 

maintained in reference libraries that are available to the public, such as the Sandia WIPP 33 

Central File (in Albuquerque, New Mexico). Where necessary, specific references from these 34 

documents are cited to reinforce the statements being made. Additional sources of information 35 

on the various topics in this section are listed in a bibliography at the end of the chapter. 36 
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Biological studies of the site began in 1975 to gather information for the Environmental Impact 
2 Statement. Meteorological studies began in 1976, and economic studies were initiated during 
3 1977. Baseline environmental data were initially reported in 1987 and are now updated annually 
4 by the DOE. 
5 

6 The DOE selected the WIPP disposal horizon to be located within a fGGk-salt deposit known as 
7 the Salado Formation (hereafter referred to as the Salado) at a depth of 2, 150 feet (ft) 
8 (650 meters [m]) below the ground surface. l)!::=]~lf:!ntl§!tti!iil'=li!:!i!~!i!mitii!P@~!g':=:::gq:::::~g@ 
9 f9!!!9i!9S.i!:ii~i:i!i!ii!9i:!i!ir!i~:i!!the Salado is regionally extensive; includes continuous beds of 

10 salt without complicated structure; is deep enough for waste isolation, reducing the potential for 

11 dissolution 1::~0~:::rm1::§l:!~rn~¥!i!i91~9~Mli\~rier:::~ni!J91':9.t99991i!f#r; and is near enough to the 
12 surface to make access reasonable. Particular site-selection criteria narrowed the choices when 
13 the present site was located during 1975-76. 
14 

15 D6-1 Geology 
16 

17 Geological data have been collected from the WIPP site and surrounding area for use in 
18 evaluating the ~suitability qf]IM!!~iMas a radioactive waste repository. These data have 
19 been collected principally by the DOE and its. predecessor agencies, the United States 
20 Geological Survey (USGS), the New Mexico Bureau of Mines and Mineral Resources 
21 (NMBMMR), and private organizations engaged in natural resource exploration and extraction. 
22 The DOE has analyzed the data provided in the following discussion and believes ~~~iffY!Hff:m:i!I 
23 it supports the DOE's position that the WIPP site is suitable for the long-term isolation of 
24 radioactive waste. Numerous questions have been raised and subsequently discussed, 
25 investigated, and resolved in order for the DOE to reach the conclusion that the site is suitable. 
25 The DOE discusses these questions in the following with emphasis on the resolution of the 
27 issues. 
28 

29 D6-1 a Data Sources 
30 

31 The geology of southeastern New Mexico has been of great interest for more than a century. 
32 The Guadalupe Mountains have become wg[f,q]j,figi[ta common visiting and research point for 
33 f§t geologists because of the spectacular exposures of Permian-age reef rocks and related 
34 facies. Some historical references included in the Bibliography are Shumard (1858), Crandall 
35 (1929), Newell et al. (1953), and Dunham (1972). Because of intense interest in both 
36 hydrocarbon and potash resources in the region, there exists a large volume of data as potential 
37 background for the WIPP site, though some data are proprietary. Finally, there is the geological 
38 information developed directly and indirectly by studies sponsored by WIPP; it ranges from raw 
39 data to interpretive reports. 
40 

41 Elements of the geology of southeastern New Mexico have been discussed or described in 
42 professional journals or technical documents from many different sources. These types of 
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articles are an important source of information, and where there is no contrary evidence, the 
information in these articles is included through reference where subject material is relevant. 2 

Implicit rules of professional conduct of research and reporting are assumed to have been 3 

applied, and journal/editorial review has normally been applied::l~@ii!!· Certain elements of the 4 

geology presented in such sources have been deemed critical to the WIPP and have been the 5 

subject of specific WIPP-sponsored studies. 6 

Geological data have been developed by the DOE through a variety of WI PP-sponsored studies 7 

using drilling, mapping, or other direct observation; geophysical techniques; and laboratory work. 8 

Most of the techniques and statistics of data acquisition ![§ will be incorporated by specific 9 

discussion. Boreholes are, however, a major source of geological data for the WIPP and 10 

surrounding area. From boreholes come raw data (e.g., depth measurements, amount of sore, 11 

and geophysisal logs) that provide the basis for point data and interpreted data sets. These data 12 

serve as the base for computing other useful elements such as structure maps for selected 13 

stratigraphic horizons or isopachs (thickness) of selected stratigraphic intervals. 14 

The borehole data set in Sub-Appendix BH to this appendix is considered the usable reference 15 

information. Figure D6-2 provides a map of some borehole locations in !Ml: tRi&-data set used 16 

in this chapter. 17 

D6-1 b Geologic History 18 

This section summarizes the more important points of the geologic history within about l!i!200 1s 

mi (321.9km)19!1.§::::of the WIPP site, with emphasis on more recent or nearby events. Major 20 

elements of the geological history from the end of the Precambrian in the vicinity of the WIPP 21 

site were compiled in graphic form (Figure D6-3). The geologic time scale that the DOE uses 22 

for the WIPP is based on a compilation by Palmer (1983, pp. 503-504) for The Decade of North 23 

American Geology (DNAG). There are several compiled sources of chronologic data related to 24 

different reference sections or methods (see, for example, Harland et al. [1982] and Salvador 25 

[1985] in the bibliography). Although most of these sources show generally similar ages for 26 

chronostratigraphic boundaries, there is no consensus on either reference boundaries or 27 

most-representative ages. The DNAG scale is accepted by the DOE as a standard that is useful 28 

and sufficient for WIPP purposes, as no known critical parameters require more accurate or 29 

precise dates. 30 

The geologic history in this region can conveniently be subdivided into three general phases: 31 

• A Precambrian period, represented by metamorphic and igneous rocks, ranging 32 

in age from about 1.5 to 1.0 billion years old 33 

• A period principally of erosion from about 1.0 to 0.5 billion years ago, as there 34 

is Q,~Unot known to be any rock record from this time 35 
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• An interval from 0.5 billion years to the present; represented by a more complex 
9.IP:§~i.Y.98!:: disposition seH>f mainly sedimentary rocks ~niaM-shorter periods ofe'roslon ·and dissolution. . .......... . 

5 This latter phase is the main subject of the DOE's detailed discussion of this text. 
6 

7 Precambrian crystalline rocks have been penetrated in only a few deep boreholes in the vicinity 
8 of the WIPP, and therefore relatively little petrological information is available. Foster (1974, 
9 Fig. 3) extrapolated the elevation of the Precambrian surface under the area of the WIPP site 

10 as being between 14,500 ft (4.42 km) and 15,000 ft (4.57 km) below sea level; the site surface 
11 at the WIPP is about 3,400 ft (1,036 m) above sea level. Keesey (1977, Vol. I, Exhibit No. 2) 
12 projected a depth to the top of Precambrian rocks of 18, 191 ft (5.55 km) based on the geology 
13 of a nearby borehole in Section 15, T22S, R31E. 
14 

15 Precambrian rocks of a variety of types crop out in the following locations: the Sacramento 
16 Mountains northwest of the WIPP; around the Sierra Diablo and Baylor Mountains near Van 
11 Horn, Texas; west of the Guadalupe Mountains at Pump Station Hills; and in the Franklin 
18 Mountains near El Paso, Texas. East of the WIPP, a relatively large number of boreholes on 
19 the Central Basin Platform have penetrated the top of the Precambrian (Foster, 197 4, Fig. 3). 
20 As summarized by Foster (1974, p. 10), Precambrian rocks in the area considered similar to 
21 those in the vicinity of the site range in age from about 1.14 to 1. 35~iii:i:9i::1q:M::i,:~:!, billion years. 
22 

23 For a period of about 500 million years (1.1 to 0.6 billion years ago), there is no certain rock 
24 record in the region around the WIPP site. The most likely rock record for this period may be 
25 the Van Horn sandstone, but there is no conclusive evidence that it represents part of this time 
26 period. The region is generally interpreted to have been subject to erosion for much of the 
21 period, until the Bliss sandstone began to accumulate during the Cambrian. 
28 

29 D6-1c Stratigraphy and Lithology in the Vicinity of the WIPP Site 
30 

31 This section presents the stratigraphy and lithology of the Paleozoic and younger rocks 
32 underlying the WIPP site and vicinity (Figure D6-4), emphasizing the units nearer the surface. 
33 Details begin with the Permian (Guadalupian) Bell Canyon Formation (hereafter referred to as 
34 the Bell Canyon)-the upper unit of the Delaware Mountain Group-because this is the 
35 uppermost water-bearing formation below the evaporites. The principal stratigraphic data are 
36 the chronologic sequence, age, and extent of rock units, including some of the nearby relevant 
37 facies changes. Characteristics such as thickness and depth are summarized here from 
38 published sources for deeper rocks and are mainly based on data sets presented in Sub-
39 Appendix BH for shallower rocks (above the Bell Canyon). The main lithologies for upper 
40 formations and members of some formations are described; some of the major stratigraphic 
41 divisions (e.g., Jurassic) are not described because they do not occur at or near the WIPP site. 
42 

43 
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D6-1c(1) General Stratigraphy and Lithology below the Bell Canyon Formation 

As stated previously, the Precambrian basement near the site is projected to be about 18,200 ft 2 

(5,545 m) below the surface (Keesey, 1977 , Vol. II, Exhibit No. 2), consistent with information 3 

presented by Foster in 197 4. Ages of similar rock suites in the region range from about 1.14 to 4 

~1ii!e§i::~f-M1!Hi~ billion years. 5 

The basal units overlying Precambrian rocks are elastic rocks commonly attributed either to the 6 

Bliss sandstone or the Ellenberger Group (Foster, 197 4, p. 1 Off), considered most likely to be 1 

Ordovician in age in this area. The Ordovician system comprises the Ellenberger, Simpson, and 8 

Montoya groups in the northern Delaware Basin. Carbonates are predominant in these groups, 9 

with sandstones and shales common in the Simpson group. Foster (1974, p. 12) reported 975 ft 10 

(297 m) of Ordovician north of the site area and extrapolated a thicker section of about 1,300 ft 11 

(396 m) at the present site (p. 17). Keesey (1977, Vol. II, Exhibit No. 2) projected a thickness 12 

of 1,200 ft (366 m) within the site boundaries. 13 

Silurian-Devonian rocks in the Delaware Basin are not stratigraphically well defined, and there 14 

are various notions for extending nomenclature into the basin. Common drilling practice is not 15 

to differentiate, although the Upper Devonian Woodford shale at the top of the sequence is 16 

frequently distinguished from the underlying dolomite and limestone (Foster, 197 4, p. 18). Foster 11 

(197 4, p. 21) showed a reference thickness of 1,260 ft and 160 ft (384 m and 49 m) for the 18 

carbonates and the Woodford shale, respectively; he estimated thickness contours for the 19 

present WIPP site of about 1, 150 ft (351 m) and 170 ft (52 m), respectively. Keesey (1977, Vol. 20 

II, Exhibit No. 2) projected 1,250 ft (381 m) of carbonate and showed 82 ft (25 m) of the 21 

Woodford shale. 22 

The Mississippian system in the northern Delaware Basin is commonly attributed to 23 

"Mississippian limestone" and the overlying Barnett shale (Foster, 1974, p. 24), but the 24 

nomenclature is not well settled. At the reference well used by Foster (1974, p. 25), the 25 

limestone is 540 ft (165 m) thick and the shale is 80 ft (24 m) thick; isopachs at the WIPP are 26 

480 ft (146 m) and less than 200 ft (61 m). Keesey (1977, Vol. II, Exhibit No. 2) indicates 511 ft 21 

(156 m) and 164 ft (50 m), respectively, within the site boundaries. 28 

The nomenclature of the Pennsylvanian system applied within the Delaware Basin is both varied 29 

and commonly inconsistent with accepted stratigraphic rules. Chronostratigraphic, or 30 

time-stratigraphic, names are applied to these lithologic units: the Morrow, the Atoka, and the 31 

Strawn, from base to top (Foster, 1974, p. 31 ). Foster (1974, p. 34) extrapolated thicknesses 32 

of about 2,200 ft (671 m) for the Pennsylvanian at the WIPP site. Keesey (1977, Vol. II, Exhibit 33 

No. 2) reports 2,088 ft (636 m) for these units. The Pennsylvanian rocks in this area are mixed 34 

elastics and carbonates, with carbonates more abundant in the upper half of the sequence. 35 
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The Permian system in the northern Delaware Basin is the thickest system in the northern 
2 Delaware Basin, and it is divided into four series from the base to top: the Wolfcampian, the 
3 Leonardian, the Guadalupian, and the Ochoan. According to Keesey (1977, Vol. II, Exhibit 
4 No. 2), the three lower series total 8,684 ft (2,647 m) near the site. Foster (197 4, p. 35ff) 
5 indicates a total thickness for the lower three series of 7,665 ft (2,336 m) ffqffi;[fGJ:.-a reference 
6 well north of WIPP. Foster's 1974 isopach maps of these series indicate about 8,500 ft 
7 (2,591 m) for the WIPP site area. The Ochoan series at the top of the Permian is considered 
8 in more detail later, because the formations host and surround the WIPP repository horizon. Its 
9 thickness at DOE-2, about 2 mi (3.2 km) north of the site center, is 3,938 ft (1,200 m) according 

10 to Mercer et al. (1987, pp. 23-24). 
11 

12 The Wolfcampian series is also referred to as the Wolfcamp Formation (hereafter referred to as 
13 the Wolfcamp) in the Delaware Basin. In the site area, the lower part of the Wolfcamp is 
14 dominantly shale, with carbonate and some sandstone according to Foster (1974, p. 38); 
15 carbonate increases to the north. Clastics increase to the east toward the margin of the Central 
15 Basin Platform. Keesey (1977, Vol. II, Exhibit No. 2) reports the Wolfcamp to be 1,493 ft 
11 (455 m) thick at a well near the WIPP site. The Leonardian Series is represented by the Bone 
18 Spring Formation (hereafter referred to as the Bone Spring) (erroneously called the Bone Spring 
19 Limestone in many publications). According to Foster (1974, p. 39) the lower part of the 
20 formation is commonly interbedded carbonate, sandstone, and some shale, while the upper part 
21 is dominantly carbonate. Near the site, the Bone Spring is 3,247 ft (990 m) thick according to 
22 Keesey (1977, Vol. II, Exhibit No. 2). 
23 

24 The Guadalupian series is represented in the general area of the site by a number of formations 
25 exhibiting complex facies relationships (Figure D6-5). The Guadalupian series is known in 
26 considerable detail west of the site from outcrops in the Guadalupe Mountains, where numerous 
21 outcrops and subsurface studies have been undertaken. (See for example P. B. King [1948], 
28 Newell et al. [1953], and Dunham [1972] in the Bibliography.) According to Garber et al. (1989, 
29 p. 36), similar facies relationships are expected from the site to the north (Figure D6-5). 
30 

31 Within the Delaware Basin, the Guadalupian series comprises three formations: the Brushy 
32 Canyon, the Cherry Canyon, and the Bell Canyon, from base to top. These formations are 
33 dominated by submarine channel sandstones with interbedded limestone and some shale. A 
34 limestone (Lamar) generally tops the series, immediately underneath the Castile Formation 
35 (hereafter referred to as the Castile). Around the margin of the Delaware Basin, reefs developed 
36 during the same time the Cherry Canyon and the Bell Canyon were being deposited. These 
37 massive reef limestones, the Goat Seep and Capitan limestones, are equivalent in time to these 
38 basin sandstone formations but were developed much higher topographically around the basin 
39 margin. A complex set of limestone to sandstone and evaporite beds was deposited further 
40 away from the basin behind the reef limestones. The Capitan reef limestones are well known 
41 because the Carlsbad Caverns are partially developed in these rocks. 
42 
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The Bell Canyon is known from outcrops on the west side of the Delaware Basin and from 2 

subsurface intercepts for oil and gas drilling. Several informal lithologic units are commonly 3 

named during such drilling. Mercer et al. (1987, p. 28) stated that DOE-2 penetrated the Lamar 4 

limestone, the Ramsey sand, the Ford shale, the Olds sand, and the Hays sand. This informal 5 

nomenclature is used for the Bell Canyon in other WIPP reports. 6 

The Clayton Williams Badger Federal borehole near the WIPP site (Section 15, T22S, R31 E) 1 

intercepted 961 ft (293 m) of the Bell Canyon, including the Lamar limestone, according to 8 

Keesey (1977, Vol. II, Exhibit No. 2). Reservoir sandstones of the Bell Canyon were deposited 9 

in channels that are straight to slightly sinuous. Density currents flowed from shelf regions, 10 

cutting channels and depositing the sands that are identified in Harms and Williamson (1988, 11 

pp. 299-317). 12 

Within the basin, the Bell Canyon (Lamar limestone)/Castile contact is distinctive on geophysical 13 

logs because of the contrast in low natural gamma of the basal Castile anhydrite compared to 14 

the underlying limestone. Density or acoustic logs are also distinctive because of the massive 15 

and uniform lithology of the anhydrite compared to the underlying beds. In cores, the transition 16 

is sharp, as described by Mercer et al. (1987, p. 312) for DOE-2. 11 

D6-1 c(3) The Castile Formation 18 

The Castile is the lowermost lithostratigraphic unit of the Late Permian Ochoan series 19 

(Figure D6-6). It was originally named by Richardson for outcrops in Culberson County, Texas. 20 

The Castile crops out along a lengthy area along the western side of the Delaware Basin. The 21 

two distinctive lithologic sequences, now known as the Castile and the Salado, were separated 22 

into the upper and lower Castile by Cartwright in 1930. Lang, in 1939, clarified the nomenclature 23 

by restricting the Castile to the lower unit and naming the upper unit the Salado. By defining an 24 

anhydrite resting on the marginal Capitan limestone as part of the Salado, Lang, in 1939, 25 

effectively restricted the Castile to the Delaware Basin inside the ancient reef rocks. 25 

Through detailed studies of the Castile, Anderson et al. (1972, pp. 59-86) introduced an informal 21 

system of names that are widely used and included in many WIPP reports. They named the 28 

units, beginning at the base, as anhydrite 1 (A1), halite 1 (H1), anhydrite 2 (A2), etc. The 29 

informal nomenclature varies throughout the basin upwards from A3 because of the complexity 30 

of the depositional system. The Castile consists almost entirely of thick beds of two lithologies: 31 

f 1) interlaminated carbonate and anhydrite\: and f2) high-purity halite. The interlaminated 32 

carbonate and anhydrite are well known as possible examples of annual layering or varves. 33 

In the eastern part of the Delaware Basin, the Castile is commonly 1,400 to 1,500 ft thick (427 34 

to 457 m) (derived from Borns and Shaffer, 1985, Figs. 9, 11, and 16). At DOE-2, the Castile 35 
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is 989 ft (301 m) thick. The Castile is thinner in the western part of the Delaware Basin, and it 
2 lacks halite units. Anderson et al. (1978, Figs. 1, 3, 4, and 5) correlated geophysical logs, 
3 interpreting thin zones equivalent to halite units as dissolution residues. Anderson further 
4 interpreted the lack of halite in the basin as having been removed by dissolution. 
5 

6 For borehole DOE-2, a primary objective was to ascertain whether a series of depressions in the 
1 Salado, 2 mi (3.3 km) north of the site, was due to dissolution in the Castile as proposed by 
8 Davies in his doctoral thesis in 1984. Studies have suggested that these depressions were not 
9 due to dissolution but to halokinesis in the Castile (for example, see Borns [1987] and Chaturvedi 

10 [1987] in the Bibliography). Robinson and Powers (1987, pp. 69-79) analyzed one such unit as 
11 partly due to synsedimentary, gravity-driven elastic deposition and suggested that the extent of 
12 dissolution may be overestimated. No Castile dissolution is known to be present in the 
13 immediate vicinity of the WIPP site. The process of dissolution and the resulting features are 
14 further discussed later in this appendix. 
15 

15 In Culberson County, Texas, the Castile hosts major native sulfur deposits. The outcrops of the 
11 Castile on the Gypsum Plain south of White's City, New Mexico, have been explored for native 
18 sulfur without success, and there is no reported indicator of native sulfur anywhere in the vicinity 
19 of the WIPP. 
20 

21 In a portion of the area around the WIPP, the Castile has been significantly deformed, and there 
22 are pressurized brines associated with the deformed areas; borehole ERDA-6 encountered both. 
23 WIPP-12, 1 mi (1.6 km) north of the WIPP site center, revealed lesser Castile structure, but it 
24 also encountered a zone of pressurized brine within the Castile. The Castile deformation is 
25 described and discussed later in Section 1.1.5 (structural features), and pressurized brines are 
26 described in Section 1.2, which details the area's hydrology. 
27 

28 The Castile continues to be an object of research interest unrelated to the WIPP program as an 
29 example of evaporites supposedly deposited in "deep water." Anderson (1993, pp. 12-13) 
30 discusses alternatives and contradictory evidence. Similar discussions may eventually affect 
31 concepts of the Castile deposition and dissolution; however, this issue is largely of academic 
32 interest and bears no impact on the suitability of the Los Medafios region for the WIPP site. 
33 

34 D6-1 c(4) The Salado Formation 
35 

36 The Salado is dominated by halite, in contrast to the underlying Castile, and extends well beyond 
37 the Delaware Basin. Lowenstein (1988, pp. 592-608) has termed the Salado a "saline giant." 
38 The Fletcher Anhydrite Member, which is deposited on the Capitan reef rocks, is defined by Lang 
39 (1939, pp. 1569-1572; 1942, pp. 63-79) as the base of the Salado. Some investigators believe 
40 the Fletcher Anhydrite Member may interfinger with anhydrites normally considered part of the 
41 Castile. The Castile/Salado contact is not uniform across the basin, and whether it is 
42 conformable is still under consideration. Around the WIPP site, the Castile/Salado contact is 
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commonly placed at the top- of a thick anhydrite informally designated as A3; the overlying halite 1 

is called the infra-Cowden salt and is included within the Salado. Bodine (1978, pp. 28-29) 2 

suggests that the clay mineralogy of the infra-Cowden in ERDA-9 cores changes at about 15 ft 3 

(4.6 m) above the lowermost Salado and that the lowermost clays are more like the Castile 4 

clays. The top of the thick anhydrite remains the local contact for differentiating the Salado from 5 

the Castile, and there is no known significance to the WIPP from these differences. 6 

The Salado in the northern Delaware Basin is broadly divided into three informal members. 7 

(Figure D6-7 details the Salado's stratigraphy.) The middle member is known locally as the 8 

McNutt potash zone, and it includes 11 defined potash zones, 10 of which are of economic 9 

significance in the Carlsbad Potash District. The lower and upper members remain unnamed. 10 

The WIPP repository level is located below the McNutt Potash Zone in the lower member. 11 

Within the Delaware Basin, a system is used for numbering the more significant sulfate beds in 12 

the Salado, fr9m~:::designating these beds as marker beds from Marker Bed 100 (near the top of 13 

the formation) to Marker Bed 144 (near the base). The system is generally used within the 14 

Carlsbad Potash District as well as at and around the WIPP site. The facility horizon is located 15 

between Marker Bed 139 and Marker Bed 138. 16 

In the central and eastern part of the Delaware Basin, the Salado is at its thickest, ranging up 17 

to about 2,000 ft (about 600 m) thick and consisting mainly of interbeds of sulfate minerals and 18 

halite, with halite dominating. The thinnest portions of the Salado consist of a brecciated residue 19 

of insoluble material a few tens of feet thick ~!1!1.~J~!l!ii!~~~i[!H~i!i~Yffl~:::and srop out in parts 20 

of the western Delaware Basin. The common sulfate minerals are anhydrite (CaS04), gypsum 21 

(CaS04•2H20) near the surface, and polyhalite (K2S04•MgS04•2CaS04•2H20). The sulfate 22 

minerals form beds and are also found along boundaries between halite crystals. 23 

Early investigators of the Salado recognized a repetitious vertical succession, or cycle, of beds 24 

in the Salado: clay-anhydrite-polyhalite-halite and minor polyhalite-halite. Later investigators 25 

described the cyclical units as clay-magnesite-anhydrite, polyhalite or 26 

glauberite-halite-argillaceous halite capped by mudstone. Lowenstein (1988, pp. 592-608) 27 

defined a depositional cycle (Type I) consisting of: f 1) basal mixed siliciclastic and carbonate 28 

(magnesite) mudstone, f2) laminated to massive anhydrite or polyhalite, f3) halite, and f4) halite 29 

with mud. Lowenstein in 1988 also recognized repetitious sequences of halite and halite with 30 

mud as incomplete Type I cycles and termed them Type II cycles. Lowenstein (1988, pp. 592- 31 

608) interpreted the Type I cycles as having formed in a shallowing upward, desiccating basin 32 

beginning with a perennial lake or lagoon of marine origin and evaporating to saline lagoon and 33 

saltpan envi~nments.~]~11~1~~~111~!~ 34 

2r1!§ns11:::11~M!sw1:::s1!11msn.:::e11:::@11e:::rn111:::11m,:::1~~91,@1P:1~::1n141:::~11tt:11:::m11::::[:111112 35 

Type II sysles are differentiated besause they do not exhibit features of prolonged suba~ueous 36 

deposition and also have more silisislastis influx than do Type I sysles. 37 
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From detailed mapping of the Salado in the Air Intake Shaft at WIPP, Holt and Powers (1990, 
2 pp. 45-72) constructed a more detailed sedimentological analysis of the Salado depositional 
3 cycles, similar in broad aspects to the Type I cycle defined by Lowenstein in 1988. The details 
4 available from the shaft demonstrated the important role of syndepositional water level to water-
s table changes that created solution pits and pipes within the halitic beds while they were f:9iti!PQ 
6 at the surface. Holt and Powers (1990, App. F, pp. 3-26) concluded that passive halite cements 
7 filled the pits and pipes, as well as less dramatic voids, as the water table rose. Early diagenetic 
8 to synsedimentary cements filled the porosity early).! and rather completely, reducing the porosity 
9 to a very small volume according to Casas and Lowenstein in 1989. These void-filling halites 

10 are commonly clear and coarsely crystalline and might be mistaken for recrystallization textures. 
11 Although Holt and Powers did not find !ffl!§:!Jt-in their 1988 study, other investigators have found 
12 much evidence for halite recrystallization (or halite diagenesis) in the Salado. 
13 

14 The effects of water-rock interactions resulting in evaporite dissolution in the Salado are 
15 observable near the surface in the Nash Draw and other localities where gypsum karst is 
16 developed and where overlying units, such as the Rustler, the Dewey Lake, and the post-
17 Permian rocks, have subsided. Physical evidence of water-rock interaction (e.g., post-
18 depositional accumulation of insoluble residues, brecciation from differential collapse, and mass 
19 removal) in the Salado is less apparent, especially where it is buried at depths greater than 
20 984 ft (300 m). However, given the susceptibility of evaporite minerals to dissolution by 
21 circulating groundwater, geochronological investigations provide a means of determining the 
22 approximation time of ~p!iiilatest episode of regional recrystallization of the evaporite minerals, 
23 which can be inferred as the approximate time of the latest episode of freely circulating 
24 groundwater. Radiometric dates for minerals of the Salado are available from several sources 
25 (Register and Brookins, 1980, pp. 29-31; Brookins, 1980, pp. 29-31; Brookins et al., 1980, pp. 
26 635-637; Brookins 1981, pp. 147-152; Brookins and Lambert, 1987, pp. 147-152). The 
27 distribution of dates shows that rubidium-strontium (Rb-Sr) isochron determinations on evaporite 
28 minerals, largely sylvite (179-229 million years ago [Ma]), are in good agreement with potassium-
29 argon (K-Ar) determinations on pure polyhalites (195-216 Ma). 
30 

31 The only recrystallization event found younger than Early Jurassic (200 Ma) was known to be 
32 a contact phenomenon associated with emplacement of an Oligocene lamprophyre dike (21 Ma 
33 for polyhalite versus 32-34 Ma for the dike; see Calzia and Hiss, 1978, pp. 39-45). Clay minerals 
34 have both Rb-Sr isochron and K-Ar ages significantly older (390±.77 Ma) than the evaporites. 
35 

36 It has been known that sylvite yields significantly younger K-Ar ages than Rb-Sr ages. This has 
37 been explained as loss of radiogenic Ar. Radiogenic Sr, as a solid, and dating by the Rb-Sr 
38 isochron method is not considered as likely to give spurious results, especially if the isochron 
39 is well defined. The results of radiometric determinations argue for the absence of pervasive 
40 recrystallization of the evaporites in the Salado in the last 200 Ma. The number of replicate 
41 determinations, the wide distribution of dated minerals throughout the Delaware Basin, and the 
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concordance of dates obtained by various radiometric methods all indicate that this conclusion 
is supportable based on generally accepted interpretations. 2 

Argillaceous halites and halitic mudstone at the top of many depositional cycles were interpreted 3 

by Holt and Powers (1990, pp. 45-78) in terms of modern features, such as those at the Devil's 4 

Golf Course at Death Valley National Monument, California. The evaporative basin was 5 

desiccated, and varying amounts of insoluble residues collected on the surface through surficial 6 

dissolution, eolian sedimentation, and some elastic sedimentation from temporary flooding 1 

caused by runoff from surrounding areas. The surface developed local relief that could be 8 

mapped in some cycles, while the action of continuing desiccation and exposure increasingly 9 

concentrated insoluble residues. Flooding, most commonly from marine sources, reset the 10 

sedimentary cycle by depositing a sulfate bed. 11 

Within the Nash Draw, Robinson and Lang (1938, pp. 2-64 to 2-67) recognized a zone 12 

equivalent to the upper Salado but lacking halite. Test wells in the southern Nash Draw 13 

produced brine from this interval, and it has become known as the brine aquifer. Robinson and 14 

Lang in 1938 considered this zone a residuum from dissolution of Salado halite. Jones et al. 15 

(1960, p. 25) remarked that the residuum should be considered part of the Salado, though 16 

geophysical log signatures may resemble the lower Rustler. 11 

At the center of the site, Holt and Powers in their 1984 report recognized clasts of fossil 18 

fragments and mapped channeling in siltstones and mudstones above halite; they considered 19 

these beds to be a normal part of the transition from shallow evaporative lagoons and desiccated 20 

salt pans of the Salado to the saline lagoon of the lower Rustler. Although the Salado salt may 21 

have been dissolved prior to deposition of the Rustler elastics, the process is detached from the 22 

concept of subsurface removal of salt from the Salado in more recent time to develop a residuum 23 

and associated "brine aquifer." 24 

Based on the Salado isopachs, thickness begins to change significantly near Livingston Ridge, 25 

the eastern margin of the Nash Draw. That should be the approximate eastward limit to the 26 

residuum and "brine aquifer," although the normal sedimentary sequence may yield limited fluids 21 

east of this margin. 28 

The DOE believes the Salado is of primary importance to the containment of waste. As the 29 

principal natural barrier, many of the properties of the Salado have been characterized, and 30 

numerical codes were developed to simulate the natural processes within the Salado that affect 31 

the disposal system performance. 32 

D6-1 c(5) Rustler Formation 33 

The Rustler Formation (hereafter referred to as the Rustler) is the youngest evaporite-bearing 34 

formation in the Delaware Basin. It was originally named by Richardson for outcrops in the 35 
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Rustler Hills of Culberson County, Texas. Adams (1944, p. 1614) first used the names "Culebra 
2 member'' and "Magenta member" to describe the two carbonates in the formation, indicating that 
3 W. B. Lang favored the names, although Lang did not use these names in his most recent 
4 publication. Vine in his 1963 work described extensively the Rustler in the Nash Draw and 
5 proposed the four formal names and one informal term for the stratigraphic subdivisions still used 
6 forthe Rustler (from the base): the unnamed lower member, the Culebra member, the Tamarisk 
7 member, the Magenta member, and the Forty-niner member (Figure D6-8). (The Culebra 
8 member, the Tamarisk member, the Magenta member, and the Forty-niner member are hereafter 
9 referred to as the Culebra, the Tamarisk, the Magenta, and the Forty-niner.) Although some 

10 investigators suggest that the unnamed lower member might be referred to as the Los Medaries 
11 member, the nomenclature has not been formalized. 
12 

13 An additional system of informal subdivisions was contributed by Holt and Powers (1988, 
14 Fig. 3.2), based on more detailed lithologic units of the noncarbonate members (Figure D6-8). 
15 These subdivisions have partially been related to hydrostratigraphic units for the Rustler. 
16 

17 Two studies of the Rustler since Vine's 1963 work contribute important information about the 
18 stratigraphy, sedimentology, and regional relationships while examining more local details as 
19 well. Eager (1983, pp. 273-283) reported on relationships of the Rustler observed in the 
20 southern Delaware Basin as part of sulfur exploration in the area. Holt and Powers (1988, 
21 Chapter 5.0) reported the details of sedimentologic and stratigraphic studies of WI PP shafts and 
22 cores as well as of geophysical logs from about 600 boreholes in southeastern New Mexico. 
23 

24 The Rustler is regionally extensive (a similar unit in the Texas panhandle is also called the 
25 Rustler). Within the area around the WIPP site, evaporite units of the Rustler are interbedded 
26 with significant siliciclastic beds and carbonates. Both the Magenta and the Culebra extend 
27 regionally beyond areas of direct interest to the WIPP. In the general area of the WIPP, both the 
28 Tamarisk and the Forty-niner have similar lithologies: lower and upper sulfate beds and a middle 
29 unit that varies principally from mudstone to halite from west to east (Figure D6-8). 
30 

31 In a general sense, halite in the unnamed lower member broadly persists to the west of the 
32 WIPP site, and halite is found east of the center of the WIPP in the Tamarisk and the Forty-niner 
33 (Figure D6-9). (Additional detail on the lithologies of these members follow.) Two differing 
34 depositional models have been generally used, either implicitly or explicitly, to account for the 
35 halite distribution. A longstanding and implicit model in many earlier documents is that halite 
36 was originally deposited relatively uniformly in the noncarbonate members across southeastern 
37 New Mexico, including the WIPP site area. The modern distribution is caused by dissolution of 
38 the Rustler halite to the west and progressing toward the east. As shown by Holt and Powers 
39 (1988), sedimentary features and textures within WIPP shafts and cores that led them to propose 
40 an explicit model of depositional facies for the mudstone-halite units; halite was dissolved 
41 syndepositionally from mud-flat facies, especially to the west, and was redeposited in a halite 
42 pan to the east. The Culebra transmissivity shows about six orders of magnitude variation 
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across the area around the site, and the changes have commonly been attributed to 
post-depositional dissolution of the Rustler halite. 2 

In the region around the WIPP, the Rustler reaches a maximum thickness of more than 500 ft 3 

(152 m) (Figure 06-10), while it is about 300 to 350 ft (91 to 107 m) thick within most of the 4 

WIPP site. Much of the difference in the Rustler thickness can be attributed to variations in the 5 

amount of halite contained in the formation from place to place. The Tamarisk accounts for a 6 

larger part of thickness changes than do either the unnamed lower member or the Forty-niner. 1 

Much project-specific information about the Rustler is contained in Holt and Powers (1988). The 8 

WIPP shafts were a crucial element in their study, exposing features not previously reported. g 

Cores were available from several WIPP boreholes, and their lithologies were matched to 10 

geophysical log signatures to extend the interpretation throughout a larger area in southeastern 11 

New Mexico. 12 

06-1c(5)(a) The Unnamed Lower Member 13 

The unnamed lower member rests on the Salado with apparent conformity at the WIPP site. It 14 

consists of significant proportions of bedded and burrowed siliciclastic sedimentary rocks with 15 

cross bedding and fossil remains. These beds record the transition from strongly evaporative 16 

environments of the Salado to saline lagoonal environments. The upper part of the unnamed 11 

lower member includes halitic and sulfitic beds within elastics. Holt and Powers (1988, p. 9-1ff) 18 

interpret these as facies changes within a saline playa environment. The implied model from 19 

earlier descriptions is that the nonhalitic areas of the upper unnamed lower member are 20 

dissolution residues from post-depositional dissolution. 21 

As shown in Holt and Powers (1988, Fig. 4. 7), the unnamed lower member ranges in thickness 22 

from about 96 to 126 ft (29 to 38 m) within the site boundaries. The maximum thickness 23 

recorded during that study was 208 ft (63 m) southeast of the WIPP site. Halite extends west 24 

of most of the site area in this unit (see Figure 06-9 for an illustration of the halite margins). 25 

Cross sections based on geophysical log interpretations in Holt and Powers (1988) show the 26 

relationship between the thickness of the unit and the presence of halite. 21 

06-1 c(5)(b) The Culebra Member 28 

The Culebra rests with apparent conformity on the unnamed lower member, though the 29 

underlying unit ranges from claystone to its lateral halitic equivalent in the site area. West of 30 

the WIPP site, in the Nash Draw, the Culebra is disrupted in response to dissolution of 31 

underlying halite. Holt and Powers (1988, pp. 6-12, 6-13, 8-14ff) attribute this principally to 32 

dissolution of the Salado halite, while Snyder (1985, p. 6) indicates that salt was dissolved post- 33 

depositionally from the unnamed lower member. These alternative models provide the basis for 34 

differing explanations of how the existing Rustler hydrologic system developed and might 35 

continue to develop. 36 
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The Culebra was described by Robinson and Lang in 1938 as a dolomite 35 ft (11 m) in 
2 thickness; Adams (1944, p. 78) noted that oolites are present in some outcrops as well. The 
3 Culebra is generally brown, finely crystalline, locally argillaceous and arenaceous dolomite, with 
4 rare to abundant vugs with variable gypsum and anhydrite filling. Holt and Powers (1988) 
5 describe the Culebra features in detail, noting that most of the Culebra is microlaminated to thinly 
6 laminated, while some zones display no depositional fabric. Holt and Powers (1984) described 
1 an upper interval of the Culebra consisting of waxy, golden-brown carbonate, dark organic 
8 claystone, and some coarser siltstone of probable algal origin. Because of the unique organic 
9 composition of this thin layer, Holt and Powers (1984) did not include it in the Culebra for 

10 thickness computations, and this will be factored into discussions of Culebra thickness. Based 
11 on core descriptions from the WIPP Project, Holt and Powers (1988, p. 5-11) concluded that 
12 there is very little variation of depositional sedimentary features throughout the Culebra. 
13 

14 Vugs are an important part of Culebra porosity (@9.9!~!9'!1@!-9.!!99!~jq:n=P:a·:89~~§1::::n¥9.il!B9~9 
15 9n@li!![J,i~li!::::l~i::~lii~t:~oi:ilil!9n:::l?ri!l§l~- They are commonly zoned parallel to bedding. In 
15 outcrop, vugs are commonly empty. In the subsurface, vugs may be filled with anhydrite or 
11 gypsum, or they may have some clay lining. Lowenstein (1988, pp. 20-21) noted similar 
18 features. Holt and Powers (1988) attribute vugs partly to syndepositional growth as nodules and 
19 partly, later, as replacive textures. Lowenstein (1988, pp. 592-608) also described textures 
20 related to later replacement and alteration of sulfates. Vugs or pore fillings vary across the WIPP 
21 site and contribute to the porosity structure of the Culebra. Natural fractures filled with gypsum 
22 are common east of the WIPP site center and in a smaller area west of the site center (Figure 
23 06-11). 
24 

25 After dolomite, Sewards et al. (1991, p. IX-1) report that clay is the most abundant mineral of the 
26 Culebra. Clay minerals include corrensite, illite, serpentine, and chlorite. Clay occurs in bulk 
21 rock and in fracture surfaces. 
28 

29 In the WIPP site area, the Culebra varies in thickness. Different data sources provide varying 
30 estimates (Table 06-1). Holt and Powers (1988, pp. 4-7) considered the organic-rich layer at 
31 the Culebra/Tamarisk contact separately from the Culebra in interpreting geophysical logs. 
32 

33 Comparing data sets, Holt and Powers (1988) typically interpret the Culebra as being about 3 ft 
34 (about 1 m) thinner than have other sources. In general, this reflects the difference between 
35 including or excluding the unit at the Culebra/Tamarisk contact. Each data set shows areal 
36 differences in thickness of the Culebra when it is examined township by township. 
37 

38 LaVenue et al. (1988) calculated a mean thickness of 25 ft (7.7 m) for the Culebra based on 
39 78 boreholes. This mean thickness has been used uniformly for the Culebra in PA calculations. 
40 Many of the boreholes represented multiple drilling location (points) at individual hydrology drill 
41 pads H-2 through H-11. The multiple points at each drillhead normally would be considered a 
42 single location for statistical purposes. If each data point is considered to be distinct, the 
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implication is that thickness varies significantly over the distances between these closely spaced 1 

boreholes, and it may not be consistent for calculations to use averaging thickness as a 2 

parameter. Mercer (1983, Table 1) reported a data set similar to La Venue et al. (1988), but 3 

without statistics. 4 

The borehole database in Sub-Appendix BH makes it possible to defend choices of the Culebra 5 

thicknesses for the area being modeled. If repository performance is insensitive to Culebra 6 

thickness, defining the specific thickness of the Culebra is not important. 1 

06-1 c(5)(c) The Tamarisk Member 8 

Vine (1963, p. B15) named the Tamarisk for outcrops near Tamarisk Flat in the Nash Draw. 9 

Outcrops of the Tamarisk are distorted, and subsurface information was used to establish 10 

member characteristics. Vine reported two sulfate units separated by a siltstone, about 5 ft 11 

(1.5 m) thick, interpreted by Jones et al. (1960) as a dissolution residue. 12 

The Tamarisk is generally conformable with the underlying Culebra. The transition is marked 13 

by an organic-rich unit interpreted as being present over most of southeastern New Mexico. The 14 

Tamarisk around the site area consists of lower and upper sulfate units separated by a unit that 15 

varies from mudstone (generally to the west) to mainly halite (to the east). Near the center of 16 

the WIPP site, the lower anhydrite was partially eroded during deposition of the middle mudstone 11 

unit, as observed by in the WIPP Waste Shaft and the WIPP Exhaust Shaft. The lower anhydrite 18 

was completely eroded at WIPP-19. Before shaft exposures were available, the lack of the lower 19 

Tamarisk anhydrite at WIPP-19 was interpreted as the result of solution, and the mudstone was 20 

considered a cave filling. 21 

Jones et al. (1960) interpreted halite to be present east of the center of the WIPP site based on 22 

geophysical logs and drill cuttings. Based mainly on cores and cuttings records from the WIPP 23 

potash drilling program, Snyder prepared a map in 1985 showing the halitic areas of each of the 24 

noncarbonate Rustler members. A very similar map based on geophysical log characteristics 25 

was prepared independently by Powers in 1984 (see Figure 06-9). 26 

Holt and Powers (1988) describe the mudstones and halitic facies in the middle of the Tamarisk, 21 

and they interpreted the unit as formed in a salt pan to mud-flat system. They cited sedimentary 28 

features and the lateral relationships as evidence of syndepositional dissolution of halite in the 29 

marginal mud-flat areas. In contrast, other investigators interpreted the lateral decrease in 30 

thickness and absence of halite to the west as evidence of post-depositional dissolution (see for 31 

example Jones et al. [1960], Jones [1978], and Snyder [1985] in the bibliography). The differing 32 

concepts for halite distribution in the Rustler, and particularly the Tamarisk, have been used in 33 

explaining the large changes in hydrologic properties of the Culebra, as described in later 34 

sections. 35 
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The Tamarisk thickness varies greatly in southeastern New Mexico, principally as a function of 
2 the thickness of halite in the middle unit. Within T22S, R31E, Holt and Powers (1988) show a 
3 range from 84 to 184 ft (26 to 56 m) for the entire Tamarisk and a range from 6 to 11 O ft (2 to 
4 34 m) for the interval of mudstone-halite between lower and upper anhydrites. Expanded 
5 geophysical logs with corresponding lithology illustrate some of the lateral relationships for this 
6 interval (Figure 06-12). 
7 

8 06-1 c(5)(d) The Magenta Member 
9 

10 Adams (1944, p. 1614) attributes the name "Magenta member'' to W. B. Lang, based on a 
11 feature north of Laguna Grande de la Sal named Magenta Point. According to Holt and Powers 
12 (1988, p. 5-22ff), the Magenta is a gypsiferous dolomite with abundant primary sedimentary 
13 structures and well-developed algal features. It does not vary greatly in sedimentary features 
14 across the site area. 
15 

16 Holt and Powers (1988, p. 5-22) reported that the Magenta varies from 23 to 28 ft (7.0 to 8.5 m); 
11 they did not contour the thickness because of limited changes. 
18 

19 06-1 c(5)(e) The Forty-niner Member 
20 

21 J. D. Vine named the Forty-niner for outcrops at Forty-niner Ridge in the eastern Nash Draw, 
22 but the outcrops of the Forty-niner are poorly exposed. In the subsurface around the WIPP, the 
23 Forty-niner consists of basal and upper sulfates separated by a mudstone. It is conformable with 
24 the underlying Magenta. As with other members of the Rustler, geophysical log characteristics 
25 can be correlated with core and shaft descriptions to extend geological inferences across a large 
26 area. 
27 

28 The Forty-niner ranges from 43 to 77 ft (13 to 23 m) thick within T22S, R31E. East and 
29 southeast of the WIPP, the Forty-niner exceeds 80 ft (24 m), and some of the geophysical logs 
30 from this area indicate halite is present in the beds between the sulfates. 
31 

32 Within the Waste Shaft, the Forty-niner mudstone displays sedimentary features and bedding 
33 relationships indicating sedimentary transport. The mudstone has been commonly interpreted 
34 as a residue from the dissolution of halitic beds because it is thinner where there is no halite. 
35 These beds have not been described in detail prior to mapping in the Waste Shaft at the WIPP. 
36 The features found in the shaft led Holt and Powers (1988, p. i, ii) to reexamine the available 
37 evidence for and interpretations of dissolution of halite in the Rustler units. 
38 

39 
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The nomenclature for rocks included in the Dewey Lake was introduced during the 1960s to 2 

clarify relationships between these rocks assigned to the Upper Permian and the Cenozoic 3 

Gatutia Formation (hereafter referred to as the Gatuna). 4 

There are three main sources of data about the Dewey Lake in the area around the WIPP. 5 

Miller reported the petrology of the unit in 1955 and 1966. Schiel described outcrops in the Nash 6 

Draw areas and interpreted geophysical logs of the unit in southeastern New Mexico and west 7 

Texas to infer the depositional environments and stratigraphic relationships in 1988 and 1994. 8 

Holt and Powers (1990) were able to describe the Dewey Lake in detail at the Air Intake Shaft 9 

for the WIPP in 1990, confirming much of Schiel's information and adding data regarding the 10 

lower Dewey Lake. 11 

The Dewey Lake overlies the Rustler conformably though local examples of the contact (e.g., 12 

the Air Intake Shaft described by Holt and Powers [1990]) show minor disruption by dissolution 13 

of some of the upper Rustler sulfate). The formation is predominantly reddish-brown fine 14 

sandstone to siltstone or silty claystone with greenish-gray reduction spots. Thin bedding, ripple 15 

cross-bedding, and larger channeling are common features in outcrops, and additional soft 16 

sediment deformation features and early fracturing are described from the lower part of the 11 

formation by Holt and Powers (1990). Schiel (1988; 1994, p. 5-13) attributed the Dewey Lake 18 

to deposition on "a large, arid fluvial plain subject to ephemeral flood events." 19 

There is little direct faunal or radiometric evidence of the age of the Dewey Lake. It is assigned 20 

to the Ochoan series of late Permian age, and it is regionally correlated with units of similar 21 

lithology and stratigraphic position. Schiel in both 1988 and 1994 reviewed the limited 22 

radiometric data from lithologically similar rocks (Quartermaster Formation) and concluded that 23 

much of the unit could be early Triassic ir:i age. 24 

Near the center of the WIPP site, Holt and Powers (1990, Fig. 5) mapped 498 ft (152 m) of the 25 

Dewey Lake (Figure D6-13). The formation is thicker to the east (Schiel, 1994, p. 6) of the WIPP 26 

site, in part because western areas were eroded before the overlying Triassic rocks were 21 

deposited. 28 

The Dewey Lake is extensively fractured, and both cements and fracture fillings have been 29 

further examined to ascertain the possible contributions of surface infiltration to underlying units. 30 

Holt and Powers (1990, p. 3-8ff) described the Dewey Lake as cemented by carbonate above 31 

164.5 ft (50 m) in the Air Intake Shaft; some fractures in the lower part of this interval were also 32 

filled with carbonate, and the entire interval surface was commonly moist. Below this point, the 33 

cement is harder (probably anhydrite), the shaft is dry, and fractures are filled with gypsum. Holt 34 

and Powers (1990, pp. 3-11, Fig. 16) suggested the cement change might be related to 35 

infiltration of meteoric water. They also determined that some of the gypsum-filled fractures are 36 
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syndepositional. The Dewey Lake fractures include horizontal to subvertical trends, some of 
2 which were mapped in detail (Holt and Powers, 1986, Figs. 6-8). 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Lambert (1991, pp. 5-65) analyzed the deuterium/hydrogen (D/H) ratios of gypsum f(qg(::ijjf]:!f 
f:t!i::y~pgy~:ii'mim!~iiii§;f: fA...the Rustler and gypsum veins in the Dewey Lake and sugges'ts.thai 
none of the gypsum formed from evaporitic fluid, such as Permian seawater. Rather, they i@~t 

r~m¥§~i!!§.!qrno::mmair!!lom:@f rormed from meteoric water. 2ii!t@!iii!!mill§iil!r~::::99J.!I~~~ 
fr9m]99i!l!!~iii~n~iiiii9riiiPIP9~i9i~ii@iil!m!9iiilil~,f~@!9t~iii Lambert (1991, pp. 5-66) infers 
that the gypsum D/H is not consistent with modern meteoric water, but it may be consistent with 

earlier meteoric flu~s IB!lll~lli~~lllfil~lll~llJlllllll~illlllil~ll~i 
There is no obvious correlation with depth indicating infiltration}Q.f i!i!fflgggfij]§q:rf.~¢.~@qgr!v§P.: 

~~4~~~~~~!~~~t!~~i~~~~~~~n~ t~!r~i,~§i~'iR~~irm~i~;~::;,~~~~~l~i~;\iQ~~:!~~~;~~9t~l 
Dewey Lake, but there may be lateral movement of water within the Dewey Lake. The Dewey 
Lake carbonate vein material shows a broader range of strontium ratios than does surface 

caliche, and the ratios barely overlap.::i,iiib~m:P:l;tiiii~~iilii}i:::22ns!99~~·m::91i@9iiii99']*=91P:~e::g~lt:::1n1~ 
!!nvn!§::Jl$l~i~t1r::st!qaq1111::n1¥1::@:m~mm!1:1n.11~Mi§!Am1tPnja~~::!:ntt~!:vj::1110Ji!~1Mmtr.f!m: 
tng:::1~miis~11::::rtm::@k!~i!E:1g;:gqpu(,:H:1;~;:1gg:::M!!ms::::m1:~!:::m!t~t::!B:::19s.s;~,t:m~t:::~1~a1:~~mt 
u.1::::141~!ir:::niti~9i!9':::111~1m:::::1!:::~1n!!in~::=ri~nir'i'~~@n::::i~:::1t1@sy::1t.1i;: 

21 D6-1c(7) The Santa Rosa 
22 

23 There have been different approaches to the nomenclature of rocks of the Triassic age in 
24 southeastern New Mexico. Bachman generally described the units in 197 4 as "Triassic, 
25 undivided" or as the Dockum Group. Vine in 1963 used the term "Santa Rosa Sandstone." "The 
26 Santa Rosa" has become common usage. Lucas and Anderson in 1993 imported other 
27 formation names that are unlikely to be useful for WIPP. 
28 

29 The Santa Rosa is disconformable over the Dewey Lake (Vine, 1963, p. B25). The rocks of the 
30 Santa Rosa have more variegated hues than the underlying uniformly colored Dewey Lake. 
31 Coarse-grained rocks, including conglomerates are common, and the formation includes a variety 
32 of cross-bedding and sedimentary features (Lucas and Anderson, 1993, pp. 231-235). 
33 

34 Within the WIPP site boundary, the Santa Rosa is relatively thin to absent (Figure D6-14). At 
35 the Air Intake Shaft, Holt and Powers (1990, Fig. 5) attributed about 2 ft (0.6 m) of rock to the 
36 Santa Rosa. The Santa Rosa is a maximum of 255 ft (78 m) thick in potash holes drilled for 
37 WIPP east of the site boundary. The Santa Rosa is thicker to the east. 
38 

39 D6-1c(8) The Gatufia Formation 
40 

41 Lang in 1938 named the Gatufia for outcrops in the vicinity of the Gatufia Canyon in the Clayton 
42 Basin. Rocks now attributed to the Gatufia in Pierce Canyon were once included in the "Pierce 
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Canyon Formation," along with rocks now assigned to the Dewey Lake. The formation has been 1 

mapped from the Santa Rosa, New Mexico, area south to the vicinity of Pecos, Texas. It 2 

unconformably overlies different substrates. 3 

Vine in 1963 and Bachman in 197 4 provided some limited description of the Gatun a. The DO E's 4 

most comprehensive study of the Gatuna is based on WIPP investigations and landfill studies 5 

for Carlsbad and Eddy County. Much of the formation is colored light reddish-brown. It is 6 

broadly similar to the Dewey Lake and the Santa Rosa, though the older units have more intense 1 

hues. The formation is highly variable, ranging from coarse conglomerates to claystones with a 
some highly gypsiferous sections. Sedimentary structures are abundant. Analysis of lithofacies 9 

indicates that the formation is dominantly fluvial in origin with areas of low-energy deposits and 10 

evaporitic minerals. It was deposited in part over areas actively subsiding in response to 11 

dissolution. 12 

The thickness of the Gatuna is not very consistent regionally. Thicknesses range up to about 13 

300 ft (91 m) at the Pierce Canyon, with thicker areas generally subparallel to the Pecos River. 14 

To the east, the Gatuna is thin or absent. Holt and Powers (1990) reported about 9 ft (2. 7 m) 15 

of undisturbed Gatuna in the Air Intake Shaft at the WIPP. 16 

The Gatuna has been considered to be Pleistocene in age based on a volcanic glass in the 11 

upper Gatuna that has been identified as the Lava Creek B ash dated at 0.6 million years by 1a 

lzett and Wilcox (1982). An additional volcanic ash from the Gatuna in Texas yields consistent 19 

K-Ar and geochemical data, indicating it is about 13 million years (Powers and Holt 1993, 20 

p. 272). Thus the Gatuna ranges in age over a period of time that may be greater than the 21 

Ogallala Formation'jl~l!l!l!r:::ri!~l@!llll!:1M!!ll!9!llllli1~!fi): on the High Plains east of the WIPP. 22 

D6-1 c(9) The Mescalero Caliche 23 

The Mescalero caliche (hereafter referred to as the Mescalero) is an informal stratigraphic unit 24 

first explicitly used by Bachman in 1974, although in 1973, Bachman described the "caliche on 25 

the Mescalero Plain" (Bachman, 1973, p. 17). He differentiated the Mescalero from the older, 26 

widespread Ogallala caliche or caprock on the basis of textures, noting that breccia and pisolitic 21 

textures are much more common in the Ogallala caliche. The Mescalero has been noted over 2s 

significant areas in the Pecos drainage, including the WIPP site area, and it has been formed 29 

over a variety of substrates. 30 

In 1974, Bachman described the Mescalero as a two-part unit: f1) an upper dense laminar 31 

caprock~ and f2) a basal, earthy to firm, nodular calcareous deposit. Machette (1985, p. 5) 32 

classified the Mescalero as having Stage V morphologies of a calcic soil (the more mature 33 

Ogallala caprock reaches Stage VI). 34 
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Bachman (1976, p. 148) provided structure contours on the Mescalero for a large area of 
2 southeastern New Mexico, including the WIPP site. From the contours and Bachman's (1976) 
3 discussion of the Mescalero as a soil, it is clear that the Mescalero is expected to be continuous 
4 over large areas. Explicit WIPP data are limited mainly to boreholes, though some borehole 
5 reports do not mention the Mescalero. The unit may be as much as 1 O ft (3 m) thick. 
6 

7 The Mescalero was inferred by Bachman (1974) on basic stratigraphic and climatic grounds as 
8 having accumulated during the early to middle Pleistocene. Bachman (1974) also reported 
9 finding a volcanic ash in the upper Gatulia along Livingston Ridge and underlying the Mescalero. 

10 His original report that this was the Pearlette "O" ash, but the report was superseded when lzett 
11 and Wilcox (1982) reported the ash as being Lava Creek Band about 0.6 million years old. The 
12 Mescalero must, therefore, be younger. Samples of the Mescalero from the vicinity of the WIPP 
13 were studied using uranium-trend methods. Based on early written communication from Rosholt, 
14 Bachman (1985, p. 20) reports that the basal Mescalero began to form about 510,000 years ago 
15 and that the upper part began to form about 410,000 years ago; these ages are commonly cited 
16 in WIPP literature. The samples are interpreted by Rosholt and McKinney in 1980 in the formal 
11 report as indicating ages of 570,000 ± 110,000 years for the lower part of the Mescalero and 
18 420,000 ± 60,000 years for the upper part. 
19 

20 Based on morphology of caliche along part of the southern rim of Pierce Canyon, some of the 
21 caliche within the Delaware Basin may be Ogallala caliche instead of Mescalero. This issue has 
22 not been further addressed. 
23 

24 According to Bachman (1985, p. 19), the Mescalero soil is an indicator of stability or integrity of 
25 the WIPP site surface. Bachman (1985, p. 27) considered the Mescalero as an impediment to 
26 erosion; the discussion by Bachman indicates that the Mescalero is an indicator of surface 
21 stability over the last 500,000 years. The conclusions reached about stability of the WIPP site 
28 based on the presence of Mescalero and radiometric data are fundamentally sound. 
29 

30 06-1c(10) Surficial Sediments 
31 

32 Soils of the region have developed mainly from Quaternary and Permian parent material. Parent 
33 material from the Quaternary system is represented by alluvial deposits of major streams, dune 
34 sand, and other surface deposits. These are mostly loamy and sandy sediments containing 
35 some coarse fragments. Parent material from the Permian system is represented by limestone, 
36 dolomite, and gypsum bedrock. Soils of the region have developed in a semiarid, continental 
37 climate with abundant sunshine, low relative humidity, erratic and low rainfall, and a wide 
38 variation in daily and seasonal temperatures. Subsoil colors normally are light brown to reddish 
39 brown but are often mixed with lime accumulations (caliche) that result from limited, erratic 
40 rainfall and insufficient leaching. A soil association is a landscape with a distinctive pattern of 
41 soil types (series). It normally consists of one or more major soils and at least one minor soil. 
42 There are three soil associations within 5 mi (8.3 km) of the WIPP site: the Kermit-Serino, the 
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Simona-Pajarito, and the Pyote-Maljamar-Kermit. Of these three associations, only the Kermit
Berino have been mapped across the WIPP site (by Chugg et al. [1952, Sheet No. 113]). These 2 

are sandy soils developed on eolian material. The Kermit-Serino include active dune areas. The 3 

Serino soil has a sandy A horizon; the B horizons include more argillaceous material and weak 4 

to moderate soil structures. A and B horizons are described as noncalcareous, and the 5 

underlying C horizon is commonly caliche. Bachman in 1980 interpreted the Serino soil as a 6 

paleosol that is a remnant B horizon of the underlying Mescalero. 1 

Generally, the Serino which covers about 50 percent of the site, consists of deep, noncalcareous, 8 

yellow-red to red sandy soils that developed in wind-worked material of mixed origin. These soils 9 

are described as undulating to hummocky and gently sloping (ranging from O to 3 percent 10 

slopes). The soils are the most extensive of the deep, sandy soils in the Eddy County area. The 11 

Serino is subject to continuing wind and water erosion. If the vegetative cover is seriously 12 

depleted, the water-erosion potential is slight, but the wind-erosion potential is very high. These 13 

soils are particularly sensitive to wind erosion in the months of March, April, and May, when 14 

rainfall is minimal and winds are highest. 15 

The Kermit consists of deep, light-colored, noncalcareous, excessively drained loose sands, 16 

typically yellowish-red fine sand. The surface is undulating to billowy (from O to 3 percent 11 

slopes) and consists mostly of stabilized sand dunes. The Kermit is slightly to moderately 18 

eroded. Permeability is very high, and if vegetative cover is removed, the water-erosion potential 19 

is slight, but the wind-erosion potential is very high. In 1980, Rosholt and McKinney applied 20 

uranium-trend methods to samples of the Serino from the WIPP site area. They interpreted the 21 

age of formation of the Serino as 330,000 ± 75,000 years. 22 

D6-1d Physiography and Geomorphology 23 

In this section, the DOE presents a discussion of the physiography and geomorphology of the 24 

WIPP site and surrounding area. 25 

D6-1d(1) Regional Physiography and Geomorphology 26 

The WIPP site is in the Pecos Valley section of the southern Great Plains physiographic province 21 

(Figure 06-15), a broad highland belt sloping gently eastward from the Rocky Mountains and the 28 

Basin and Range Province to the Central Lowlands Province. The Pecos Valley section itself 29 

is dominated by the Pecos River Valley, a long north-south trough that is from 5 to 30 mi (8.3 30 

to 50 km) wide and as much as 1,000 ft (305 m) deep in the north. The Pecos River system has 31 

evolved from the south, cutting headward through the Ogallala sediments and becoming 32 

entrenched some time after the middle Pleistocene. It receives almost all the surface and 33 

subsurface drainage of the region; most of its tributaries are intermittent because of the semiarid 34 

climate. The surface locally has a karst terrain containing superficial sinkholes, dolines, and 35 

solution-subsidence troughs from both surface erosion and subsurface dissolution. The valley 36 . 
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has an uneven rock- and alluvium-covered floor with widespread solution-subsidence features, 
2 the result of dissolution in the underlying Upper Permian rocks. The terrain varies from plains 
3 and lowlands to rugged canyonlands, including such erosional features as scarps, cuestas, 
4 terraces, and mesas. The surface slopes gently eastward, reflecting the underlying rock strata. 
5 Elevations range from more than 6,000 ft (1,829 m) in the northwest to about 2,000 ft (61 O m) 
6 in the south. 
7 

8 The Pecos Valley section is bordered on the east by the Llano Estacada, a virtually uneroded 
9 plain formed by river action. The Llano Estacada is part of the High Plains section of the Great 

10 Plains physiographic province and is a poorly drained, eastward-sloping surface covered by 
11 gravels, wind-blown sand, and caliche that has developed since early to middle Pleistocene time. 
12 Few and minor topographic features are present in the High Plains section, formed when more 
13 than 500 ft (152 m) of Tertiary silts, gravels, and sands were laid down in alluvial fans by 
14 streams draining the Rocky Mountains. In many areas, the nearly flat surface is cemented by 
15 a hard caliche layer. 
16 

17 To the west of the Pecos Valley section are the Sacramento Mountains and the Guadalupe 
18 Mountains, part of the Sacramento section of the Basin and Range Province. The Capitan 
19 Escarpment along the southeastern side of the Guadalupe Mountains marks the boundary 
20 between the Basin and Range and the Great Plains Provinces. The Sacramento section has 
21 large basinal areas and a series of intervening mountain ranges. 
22 

23 D6-1d(2) Site Physiography and Geomorphology 
24 

25 The land surface in the area of the WIPP site is a semiarid, wind-blown plain sloping gently to 
26 the west and southwest and is hummocky with sand ridges and dunes. A hard caliche layer 
27 (Mescalero caliche) is typically present beneath the sand blanket and on the surface of the 
28 underlying Pleistocene Gaturia. Figure D6-16 is a topographic map of the area. Elevations at 
29 the site range from 3,570 ft (1,088 m) in the east to 3,250 ft (990 m) in the west. The average 
30 east-to-west slope is 50 ft per mi (9.4 m per km). 
31 

32 The Livingston Ridge is the most prominent physiographic feature near the site. It is a west-
33 facing escarpment that has about 75 ft (23 m) of topographic relief and marks the eastern edge 
34 of the Nash Draw, the drainage course nearest to the site. The Nash Draw is a shallow 5-mile-
35 wide (8-km-wide) basin, 200 to 300 ft (61 to 91 m) deep and open to the southwest. It was 
36 caused, at least in part, by subsurface dissolution and the accompanying subsidence of overlying 
37 sediments. The Livingston Ridge is the approximate boundary between terrain that has 
38 undergone erosion and/or solution collapse and terrain that has been affected very little. 
39 

40 About :1::@\}t.a-mi (24 km) east of the site is the southeast-trending San Simon Swale, a depression 
41 due, at least in part, to subsurface dissolution[[~[QitQ.9r!::::;P:t:1[)L Between San Simon Swale and 
42 the site is a broad, low mesa named "the Divide." Lying about 6 mi (9.7 km) east of the site and 
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about 100 ft (30 m) above the surrounding terrain, the Divide is a boundary between 
southwestern drainage toward the Nash Draw and southeastern drainage toward the San Simon 2 

Swale. The Divide is capped by the Ogallala Formation (hereafter referred to as the Ogallala) 3 

and the overlying caliche, upon which have formed small, elongated depressions similar to those 4 

in the adjacent High Plains section to the east. 5 

Surface drainage is intermittent; the nearest perennial stream is the Pecos River, 12 mi (19 km) 6 

southwest of the WIPP site boundary. The site's location near a natural divide protects it from 1 

flooding and serious erosion caused by heavy runoff. Should the climate become more humid, 8 

any perennial streams should follow the present basins, and the Nash Draw and the San Simon 9 

Swale would be the most eroded, leaving the area of the Divide relatively intact. 10 

Dissolution-caused subsidence in the Nash Draw and elsewhere in the Delaware Basin has 11 

caused a search for geomorphic indications of subsidence near the site. One feature that has 12 

attracted some attention is a very shallow sink about 2 mi (3 km ) north of the center of the site. 13 

It is very subdued, about 1,000 ft (305 m) in diameter, and about 30 ft (9 m) deep. Resistivity 14 

studies indicate a very shallow surficial fill within this sink and no disturbance of underlying beds, 15 

implying a surface, rather than subsurface, origin. Resistivity surveys in the site area showed 15 

an anomaly in Section 17 within the WIPP site boundary. It resembles the pattern over a known 11 

sink, a so-called breccia pipe, but drilling showed a normal subsurface structure without breccia, 18 

and the geophysical anomaly is assumed to be caused by low-resistivity rock in the Dewey Lake. 19 

D6-1 e Tectonic Setting and Site Structural Features 20 

The processes and features included in this section are those more traditionally considered part 21 

of tectonics, broad-scale processes that develop the features of the earth. Salt dissolution is a 22 

different process that can develop some features resembling those of tectonics. 23 

Broad-scale structural elements of the area around the WIPP developed over geological time, 24 

and most formed during the late Paleozoic. There is little historical or recent geological evidence 25 

of significant tectonic activity in the vicinity. More recently, the entire region has tilted, and 26 

activity related to Basin and Range tectonics formed major structures southwest of the area. 21 

Seismic activity is specifically addressed in Section D6-4. 28 

Broad subsidence began in the area as early as the Ordovician, developing a sag called the 29 

Tabosa Basin. By late Pennsylvanian to early Permian time, the Central Basin Platform 30 

developed (Figure D6-17), separating the Tabosa Basin into two parts: the Delaware Basin to 31 

the west and the Midland Basin to the east. The Permian Basin refers to the collective set of 32 

depositional basins in the area during the Permian period. Southwest of the Delaware Basin, 33 

the Diablo Platform began developing either late in the Pennsylvanian or early Permian. The 34 

Marathon Uplift and Ouachita tectonic belt limited the southern extent of the Delaware Basin. 35 
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Most of these broader scale features surrounding the Delaware Basin formed during the late 
2 Paleozoic and have remained relatively constant in their relationships since. 
3 

4 D6-1e(1) Basin Tilting 
5 

6 According to Brokaw et al. (1972, p. 30) pre-Ochoan sedimentary rocks in the Delaware Basin 
7 show evidence of gentle downwarping during deposition, while Ochoan and younger rocks do 
8 not. A relatively simple eastward tilt generally from about 75 to 100 ft per mi (14 to 19 m per 
9 km) has been superimposed on the sedimentary sequence. P. B. King (1948, p. 108) generally 

10 attributes the uplift of the Guadalupe and Delaware mountains along the west side of the 
11 Delaware Basin to later Cenozoic, though he also notes that some faults along the west margin 
12 of the Guadalupe Mountains have displaced Quaternary gravels. 
13 

14 P. B. King ( 1948, p. 144) also infers that the uplift is related to the Pliocene-age deposits of the 
15 Llano Estacado. Subsequent studies of the Ogallala of the Llano Estacado show that it ranges 
16 in age from Miocene (about 12 million years before present) to Pliocene. This is the most likely 
17 range for uplift of the Guadalupes and broad tilting to the east of the Delaware Basin sequence. 
18 

19 D6-1e(2) Faulting 
20 

21 Fault zones are well known along the Central Basin Platform, east of the WIPP, from extensive 
22 drilling for oil and gas as reported by Hills (1984, pp. 250-267). Holt and Powers performed a 
23 more recent analysis in 1988 of geophysical logs to examine regional geology for the Rustler that 
24 showed these faults displaced, at least, the Rustler rocks of late Permian age. The overlying 
25 Dewey Lake shows marked thinning along the same trend as the fault line or zone according to 
26 Schiel (1988, Fig. 21), but the structure contours of the top of the Dewey Lake are not clearly 
27 offset. Schiel (1988) concluded that the fault was probably reactivated during Dewey Lake 
28 deposition, but movement ceased at least by the time the Santa Rosa was deposited. No 
29 surface displacement or fault has been reported along this trend, indicating movement has not 
30 been significant enough to rupture the overlying materials since Permian time. 
31 

32 Within the Delaware Basin, there are few examples of faults that may offset part of the evaporite 
33 section. At the northern end of the WIPP site, Snyder in Borns et al. (1983, p. 17ff) drew 
34 structure contours on the top of the basal A 1 of the Castile for boreholes WIPP-11, WIPP-12, 
35 and WIPP-13. Northeast-southwest-trending faults were interpreted to displace this unit both 
36 north and south of WIPP-11 (Borns et al., 1983). Snyder inferred that the Bell Canyon/Castile 
37 contact is also faulted and displaced along the same trend. Barrows in Borns et al. (1983, 
38 pp. 58-60) interpreted seismic reflection data to indicate, with varying confidence, faults within 
39 Castile rocks but not in underlying units. 
40 

41 The faults interpreted by Snyder (Borns et al., 1983) around WIPP-11 depend on the correct 
42 identification of the basal Castile anhydrite (A 1) in that borehole. The evaporite structure is 
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complex, and some of the upper units of the Castile and the lower Salado differ from surrounding 
boreholes. The diagnostic Castile/Bell Canyon contact was not reached by this borehole, and 2 

the faults inferred for the Castile/Bell Canyon contact also depend on correct identification of A 1 3 

and projection of A1 thickness by Snyder (Borns et al., 1983). Inferred connections with the 4 

underlying Bell Canyon or deeper units could signify circulation of fluids to the evaporite section 5 

within the site boundaries. This is unlikely, given the Castile geology within boreholes WIPP-13 6 

and DOE-2 near the trend of the inferred fault. ro~1:=::mml4!!J~@n1B¥r:::al!]i!!M?b.¥Emmw1m 7 

ei111.:::em::::mi1:::ie~i!m11,=:::!r1m::::m11t1:m::nmiBr~:::1rma:::11eeM:1=::1mi:tH?!sr£:::w1:1:::f!flJ.!11,=:]n11n: 8 

J.ilrf1n1:::111m::1inP:!]ii:::1:0¥11r::n1:::neu~@ijq:;,:::::rt1:1:rms~:1::1nP::]ilir¥:::9~9:::011:=imew:Mi!P:ina 9 
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exploration has been extensive around the northern and western boundaries of the site since the 11 

mid-1980s. 12 

Muehlberger et al. (1978, pp. 337-340) have mapped quaternary fault scarps along the Salt 13 

Basin graben west of both the Guadalupe and the Delaware Mountains. These are the nearest 14 

known Quaternary faults of tectonic origin to the WIPP. Kelley in 1971 inferred the Carlsbad and 15 

Barrera faults along the eastern escarpment of the Guadalupe Mountains based mainly on 16 

vegetative linaments. Hayes and Bachman reexamined the field evidence for these faults in 11 

1979 and concluded that they were nonexistent. 18 

On a national basis, Howard et al. (1971, Sheets 1-2) assessed the location and potential for 19 

activity of young faults. For the region around the WIPP site, Howard et al. (1971, Sheet 1) 20 

located faults along the western escarpment of the Delaware and the Guadalupe mountains 21 

trend. These faults were judged to be late Quaternary (approximately the last 500,000 years) 22 

oroWe~ n 

In summary, there are no known Quaternary or Holocene faults of tectonic origin offsetting rocks 24 

at the surface nearer to the site than the western escarpment of the Guadalupe Mountains. A 25 

significant part of the tilt of basin rocks is attributed to a mid-Miocene to Pliocene uplift along the 26 

Guadalupe/Sacramento mountains trend that is inferred on the basis of High Plains sediments 21 

of the Ogallala. Seismic activity is low and is commonly associated with secondary oil recovery 28 

along the Central Basin Platform. 29 

D6-1e(3) Igneous Activity 30 

Within the Delaware Basin, only one feature of igneous origin is known to have formed since the 31 

Precambrian. An igneous dike or series of echelon dikes occurs along a linear trace about 75 mi 32 

(120 km) long from the Yeso Hills south of White's City, New Mexico, to the northeast. At its 33 

closest, the dike trend passes about 8 mi (13 km) northwest of the WIPP site center. Evidence 34 

for the extent of the dike range from outcroppings at Yeso Hills to subsurface intercepts in 35 

boreholes and mines to airborne magnetic responses. 36 
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An early radiometric determination by Urry (1936, pp. 35-40) for the dike yielded an age of 30 ± 
2 1.5 million years. More recent work by Calzia and Hiss (1978, pp. 39-45) on dike samples are 
3 consistent with early work, indicating an age of 34.8 ± 0.8 million years. Work by Brookins et 
4 al. (1980, pp. 28-31) on dike samples in contact with polyhalite indicated an age of about 
5 21.4 million years. 
6 

1 Volcanic ashes found in the Gatulia were airborne from distant sources such as Yellowstone and 
8 represent no volcanic activity at the WIPP. 
9 

10 D6-1e(4) Loading and Unloading 
11 

12 Tectonic forces, working with environmental factors, produce conditions by which sediments can 
13 be deposited (causing loading of the underlying rocks) or eroded (causing unloading). The 
14 loading and unloading history of the site and surrounding areas may be considered a factor in 
15 the development of the hydrological system, including the Culebra, at the WIPP site. 
16 

11 The depth to the base of the Culebra in the area (Figure D6-18) indicates the current state of 
18 loading for the unit. This depth is a function of regional dip, erosion, and dissolution/subsidence. 
19 Regional geology information has been used to construct a broader view of the loading and 
20 unloading history at the site for the Culebra. 
21 

22 D6-1f Nontectonic Processes and Features 
23 

24 Halite in evaporite sequences is relatively plastic, which can lead to the process of deformation; 
25 it is also highly soluble, which can lead to the process of dissolution. Both processes 
26 (deformation and dissolution) can develop structural features similar to those developed by 
21 tectonic processes. The features developed by dissolution and deformation can be distinguished 
28 from similar-looking tectonic features where the underlying units do not reflect the same feature 
29 as do the evaporites. As an example, the evaporite deformation can commonly be shown not 
30 to affect the underlying Bell Canyon. The deformation also tends to die out in overlying units, 
31 and the Rustler or the Dewey Lake may show little, if any, of the effects of the deformed 
32 evaporites. Beds underlying areas of dissolved salt are not affected, but overlying units to the 
33 surface may be affected. 
34 

35 D6-1f(1) Evaporite Deformation 
36 

37 The most recent review of evaporite deformation in the northern Delaware Basin and original 
38 work to evaluate deformation is summarized here. 
39 

40 
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2 

This document describes the structural features in the Castile that are commonly attributed to 3 

gravity-driven deformation. In order to properly present this subject, the data will first be 4 

presented in a general historical overview. The known extent of deformation in the Castile, how 5 

these structures are likely to develop in the future, how well they can be predicted, and the 6 

potential impact law act of these structures on the WIPP will also be discussed. Apart from the 1 

general geological impact, the performance of the WIPP as it might be affected by such 8 

structures is not specifically assessed here. 9 

Background Information 10 

Parts of the Castile have been known for a number of years to be deformed. Cross sections of 11 

the basin geology through its margins have shown some evidence of deformation. Jones et al. 12 

(1973) provided a map of the isopachs of part of the Castile that clearly show much thicker 13 

portions in some of the areas along the northwestern to northern Delaware Basin, just inside the 14 

margin of the Capitan reef. Very little information was collated concerning deformation within 15 

the Delaware Basin prior to studies of the basin as a possible site for radioactive waste disposal. 16 

Jones et al. (1973) is probably the most lucid early presentation of this information, although a 11 

dissertation by Snider (1966) and a paper by Anderson et al. (1972) also reflect thicker sections 18 

in some Castile units adjacent to the reef. 19 

In 1975, SNL drilled a borehole, ERDA-6, at a site (Figure D6-19) that had been partially 20 

investigated by Oak Ridge National Laboratories (ORNL) during 1974. Two boreholes (AEC-7 21 

and AEC-8) had been drilled in 197 4 by ORNL . Formation boundaries and marker beds in 22 

ERDA-6 were structurally high compared to AEC-7 andi!l§'Qj8, and the degree of deformation 23 

increased downward. At about the 2,711-ft (826-m) depth, ERDA-6 began to produce 24 

pressurized brine and gas. The hole was eventually tested extensively to determine the nature 25 

and origin of the brine. Beds within the Castile were displaced structurally upward, apparently 26 

by hundreds of feet (Jones, 1981; Anderson and Powers, 1978), and some of the lower units 21 

may have actually pierced upper units (Anderson and Powers, 1978). Because of the desire for 28 

structurally uncomplicated units to simplify mining for a repository, the site under investigation 29 

at ERDA-6 was abandoned in 1975. In 1975-76 the current site was initially selected, and 30 

investigations were begun (Powers et al., 1978). As part of the selection criteria, a zone about 31 

6 mi (1 O km) wide inside the Capitan reef was avoided because it included known deformed 32 

Castile and Salado (Griswold, 1977). This is the first instance in which the site investigations 33 

were directly influenced by discovery of deformation in the Castile and the lower Salado. 34 

The present site for the WIPP was selected and initially investigated in 1976 to determine if the 35 

desired characteristics for the preliminary site selection were present (Griswold, 1977; Powers 36 
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et al., 1978). As the general criteria appeared to be met during this phase, the site and 
2 surrounding areas were characterized much more extensively and intensively beginning in 1977. 
3 Extensive new seismic reflection data were collected in 1977 and 1978 that began to reveal the 
4 deformed Castile north of the center of the site (Figure D6-20). Because the principal effect was 
5 that the good quality Castile reflectors from the area south of the site center were "disturbed," 
6 the area to the north was dubbed the "disturbed zone" (DZ). It also became known as "the area 
7 of anomalous seismic reflectors," or the "zone of anomalous seismic reelection data." The 
8 boundary of the DZ was variously described as being from about 0.5 to 1 mi (0.8 to 1.6 km) 
9 north of the center of the site, depending on the criteria to define the DZ. Powers et al. (1978) 

10 generally defined the DZ as beginning about 1 mi (1.6 km) north of the site center, where the 
11 seismic reflector character was poor to uninterpretable or "anomalous" (Borns et al., 1983). 
12 About 0.5 mi (0.8 km) north of the site center, it appeared that beds within the Castile began to 
13 steepen in gradient, dipping to the south from a higher area to the north. The Environmental 
14 Evaluation Group (!ii§):(,summarized various map limits to the DZ, including the area where the 
15 Castile dip begins to steepen (Neill et al., 1983). Borns et al. (1983) included two separate areas 
16 south of the site as part of the DZ based seismic character. 
17 

18 The first new drillhole within the area encompassed by the DZ was WIPP-11, and it was located 
19 about 3 mi (5 km) north of the center of the WIPP site (Figure D6-19). Long and Associates 
20 (1977) examined proprietary petroleum company data in 1976, and they identified anomalous 
21 areas around the WIPP site, including the structural anomaly at the WIPP-11 location. Seismic 
22 reflection data acquired in 1977 indicated possible salt flowage within the Castile and a structure 
23 that could be similar to that at ERDA-6 (SNL and USGS, 1979). WIPP-11 was drilled early in 
24 1978, demonstrating the extensive deformation within the Castile and extending upward into the 
25 Salado. WIPP-11 did not encounter any brine or gas flows. 
26 

21 Seismic reflection data acquired in 1977 not only showed a zone of steepened dip of the Castile 
28 north of the site center, it also showed a possible fault offsetting parts of the Salado and the 
29 Rustler. A series of five boreholes were planned to provide detailed information on the structure 
30 of the Rustler/Salado contact. Four boreholes (WIPP 18, 19, 21, and 22) were required to 
31 demonstrate that there was no detectable offset on that contact in the area interpreted from 1977 
32 seismic reflection data (Figure D6-19). Later epochs (1978 and 1979) of seismic data in the 
33 same area, along with the drilling, continued to show generally poor resolution or uninterpretable 
34 data in the area of the DZ. These studies generally showed that the acoustic velocity of the 
35 upper section changes laterally, complicating further the interpretation of the deeper Castile 
36 structure. Through the WIPP 18-22 drilling program, the upper Salado and the Rustler were 
37 determined to be fundamentally undisturbed over the southern margin of the disturbed zone 
38 where the Castile appears to dip to the south (SNL and USGS, 1979). 
39 

40 The upper part of the Castile about 1 mi (1.6 km) north of the WIPP site center was interpreted 
41 to range from about 250 ft to as much as 400 ft (100 to 120 m) (SNL and D'Appolonia Consulting 
42 Engineers, 1982a) above the elevation of the top of the Castile at about the center of the WIPP 
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site. WIPP-12 was located approximately 1 mi (1.6 km) north of the site center to test the 
amount the Castile was elevated (Figures D6-19 and D6-20). It was drilled late in 1978 to the 2 

top of the Castile and detected approximately 160 ft (50 m) of structural elevation compared to 3 

ERDA-9 and the center of the site (SNL and D'Appolonia Consulting Engineers, 1982a). The 4 

amount of disturbance of the Salado was not considered to be an impediment to underground 5 

development, although the underground storage facility was later reoriented from this northern 6 

area to an area south of the site center. From drilling WIPP-12 and the WIPP 18-22 series, the 7 

southern margin of the DZ was considered to be much more gentle in structure, while the 8 

seismic character and WIPP-11 indicated much more severe deformation of the Castile further 9 

to the north. 10 

Two additional phases of seismic reflection data were acquired in 1978 and 1979. These data 11 

mainly concerned the immediate site area (about 4 square mi [10 square km]) and the southern 12 

edge of the DZ. They indicated much the same problems and margins associated with the DZ 13 

from the 1977 data. The latest seismic data (1979) were principally acquired to facilitate 14 

construction and Site and Preliminary Design Validation (SPDV) activities. As the project moved 15 

into SPDV activities, the DZ was little investigated directly during the period from about late 1979 16 

until mid-1981. 11 

A microgravity survey of the site area was conducted to determine if the structure within the DZ 18 

could be partially resolved (Barrows et al., 1983; Barrows and Fett, 1985). The large differences 19 

in density of halite and anhydrite could cause detectable differences in the gravity field locally 20 

if the units were displaced and/or thickened relative to the surrounding areas. The microgravity 21 

survey covered an area of "normal" stratigraphy from south of the WIPP site center to the area 22 

of WIPP-11 (Figure D6-21). As interpreted (Barrows et al., 1983), the microgravity does not 23 

resolve the larger scale deformation within the Castile. Based on the interpretation of probable 24 

shallow disturbance of the gravity field, WIPP-14 and WIPP-34 were drilled about 2 mi (3 km) 25 

north and about 0.5 mi (0.8 km) east of the site center (Figure D6-19). These boreholes 26 

encountered normal stratigraphy within the Rustler and upper Salado (SNL and D'Appolonia 21 

Consulting Engineers, 1982b; SNL and USGS, 1981 ), with some slight structural depression 28 

made apparent mainly by the deformation northeast of this area around ERDA-6 (Holt and 29 

Powers, 1988). Barrows et al. (1983) attributed the gravity anomaly around WIPP-14 to 30 

decreased density within parts of the Rustler, mainly from the difference in density due to 31 

anhydrite versus gypsum in WIPP-14. The overall difference in mass was attributed to karst 32 

processes by Barrows et al. (1983) rather than to deformation of any of the units associated with 33 

the DZ. 34 

During the mapping of the first shaft drilled at the WIPP site (the Salt Handling Shaft}, Marker 35 

Bed 139 was observed to have a few inches of relief on the basal contact and 2 to 3 ft (0.6 to 36 

0.9 m) of relief on the upper surface. Jarolimek et al. (1983) interpreted the internal structure 37 

on these high points of Marker Bed 139 as showing a radial structure due apparently to gypsum 38 

growth textures and subsequent crushing, indicating a fundamentally depositional origin to the 39 
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relief rather than any structural disturbance related to the DZ. Borns and Shaffer (1985) 
2 conducted an investigation of additional cores and holes drilled through Marker Bed 139, as 
3 there was concern on the part of the EEG that the apparent structure was related to the DZ. 
4 Borns and Shaffer (1985) also concluded that the relief was not due to structural deformation, 
5 but instead, was due mainly to erosional processes that carved part of the relief found on the 
6 top of the Marker Bed. From either point of view, the difference in relief on the upper and basal 
1 contacts of Marker Bed 139, in such a thin unit, were convincing evidence that a form of tectonic 
8 deformation was not involved. 
9 

10 In late 1981, WIPP-12 was deepened to test for the possible presence of brine and/or 
11 pressurized gas within the structure in the Castile (D'Appolonia Consulting Engineers, 1982). 
12 The probability of producing brine/gas from WIPP-12 was considered reasonably low at the time, 
13 because most known pressurized brine/gas was associated with much more deformed units in 
14 the Castile at WIPP-12. Fractured anhydrite in the upper Castile did begin to yield pressurized 
15 brine and gas when intercepted late in 1981, and WIPP-12 and ERDA-6 were further tested. 
15 Later geophysical work (Earth Technology Corporation, 1987) suggests that the brine may 
11 underlie part of the WIPP facility, beyond the area usually included in the DZ. Though the DOE 
18 and the EEG agreed that the structure did not constitute a threat to health and safety, the 
19 proposed underground facilities were reoriented south of the site center, avoiding longer haulage 
20 and the slight structure encountered at the facility horizon. As a consequence of the deepening 
21 and testing of WIPP-12, the link between structure and pressurized brine and gas was 
22 strengthened. 
23 

24 The last direct investigation of the DZ was a by-product of another investigation. DOE-2 was 
25 drilled approximately 2 mi (3.2 km) north of the center of the WIPP site to investigate the origin 
26 of a modest depression on Marker Bed 124 (Griswold, 1977; Powers et al., 1978) that was 
21 detected in a core hole drilled by a potash company. DOE-2 was principally a test of the 
28 hypothesis that the depression was caused by ductile flow of halite in response to deep 
29 dissolution of halite by water from the Bell Canyon (Mercer et al., 1987). Halite layers in the 
30 lower Salado were thicker than usual, indicating that part of the sequence had not been 
31 dissolved, and the Castile was very deformed. The Castile stratigraphy was not normal; the 
32 second halite was apparently squeezed out of the area during deformation. The stratigraphy in 
33 DOE-2 is apparently the result of processes which caused the DZ and is not the result of any 
34 dissolution (Borns, 1987; Mercer et al., 1987). 
35 

36 The preceding paragraphs describe most of the direct investigations of the disturbed zone and 
37 place them in their historical context. In the following text, more of the specific features of the 
38 DZ will be described, interpreted, and discussed to indicate the significance of the structures and 
39 processes of formation for the WIPP. 
40 
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The first specific feature of the DZ is its boundary. As discussed above, the different concepts 2 

of the boundary depend on ideas of where the Castile began to change and steepen its dip 3 

(about one-half mi [0.8 km] north of the site center) or where the seismic data became unreliable 4 

to uninterpretable. Borns et al. (1983) present one diagram (Figure D6-20) of the seismic time 5 

structure for the top of the Castile that illustrates the variously defined boundaries. The principal 6 

part of the disturbed zone is defined by a lobate area (Figure D6-20) shown as an "area of 7 

complex structure" where the seismic data are considered "ambiguous." The structurally 8 

deformed area clearly includes an area about halfway between boreholes WIPP-12 and ERDA-9, 9 

as well as a larger area to the northeast. The two-way travel time contoured on the map is a 10 

function of depth; as the reflector is nearer the surface, the travel time to the reflector and back 11 

to the surface decreases. Thus, the areas enclosed with contours of smaller values should be 12 

interpreted as structurally higher. (The top of the Castile in WIPP-12 was 160 ft [50 m] higher 13 

than it is in ERDA-9.) The map was not directly converted to depth because the seismic 14 

reflection and borehole geophysical logging programs clearly demonstrate that there are also 15 

lateral velocity variations within the upper part of the rock section, especially within the Rustler 16 

and the Dewey Lake. These velocity variations cannot be extracted from the travel times 17 

adequately to permit converting the travel time to depth. Nonetheless, the map demonstrates 18 

the general best information about the extent of the DZ. The central and southern parts of the 19 

WIPP site area display relatively uniform seismic travel time structure, and nothing within the 20 

geological data contradicts that information to date. 21 

The broad forms of the structures within the DZ are generally anticlinal and synclinal 22 

(Borns, 1987), although they are not necessarily regular shapes. The best known shape for part 23 

of the DZ is between WIPP-12 and ERDA-9, where seismic information and several drillholes 24 

constrain part of the interpretation of the stratigraphy. There the structure tends to be a gently 25 

dipping limb of an anticlinal structure. Most of the remaining shapes attributed to the Castile 25 

within the DZ or related areas are based more on one drill hole or a few drill holes that 27 

somewhat constrain the interpretation of the structure. WIPP-11, WIPP-13, DOE-1, and ERDA-6 28 

are all examples. A generalized cross section of the structure at ERDA-6 (Anderson and 29 

Powers, 1978) shows a piercement structure and a regular shape; the piercement is based on 30 

stratigraphic inferences, but the shape is fundamentally uncontrolled by closely spaced data. 31 

WIPP-11 and WIPP-12 are both believed to penetrate anticlinal forms, though the structure is 32 

only partially known from drilling and seismic reflection data. DOE-2 is believed to lie in a 33 

synclinal structure, and contacts on various units show a nested series of depressions in the 34 

upper Salado (Borns, 1987). There are too few drill holes into the Castile to reconstruct the 35 

detailed shapes of Castile structures. The seismic data are not well enough constrained to 36 

calculate depths to reflectors, and most reflectors are too "disturbed" to interpret in this area. 37 

The specific shapes of individual structures are unlikely to be defined in the near future. 38 

AU5-95/VVPN-/IPPPARTB/REV5CR:APD6 D6-31 01/12196 12:45pm 



WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

Anderson and Powers (1978) contoured several structures within the Delaware Basin, including 
2 structures at Poker Lake at least grossly similar to ERDA-6. Borns and Shaffer (1985) 
3 reexamined the information from Poker Lake and concluded that the actual shape is poorly 
4 constrained. Outside of the area on the north side of the current WIPP site, the information 
5 available is too sparse to define the individual shapes of structural features on borehole data. 
6 

7 It is important to note that, to date, none of the structures are demonstrably associated with 
8 comparable structure on the underlying Delaware Mountain Group. Snyder (in Borns et al., 
9 1983) does show an upthrown block (horst) through WIPP-11 on the top of the Bell Canyon that 

10 is based on his projection of the thickness of the lower Castile; WIPP-11 did not penetrate the 
11 complete Castile section. Other areas, such as the Poker Lake structures, may display some 
12 relief on the top of the Delaware Mountain Group, but Borns and Shaffer (1985) do not attribute 
13 the relief to faulting. They believe the relief existed before and during deposition of the overlying 
14 Castile units. The underlying units to the Castile are, for the most part, uninvolved in the 
15 structures displayed by the Castile. 
16 

11 Structure contour and isopach maps of the Salado and the Rustler over areas of the complicated 
18 Castile structure also show that the overlying units are successively less involved in the structure 
19 (e.g., Borns and Shaffer, 1985; Borns et al., 1983; Holt and Powers, 1988). Lower units that are 
20 thicker and deformed are overlain by units that are thinner and less structurally involved in the 
21 deformation. Under normal geological circumstances, e.g., dealing with a rock sequence of 
22 carbonates or siliciclastics, the deformation would be considered to be completed by the time 
23 of deposition of the lowermost undeformed rock unit. Here, within a much more plastic set of 
24 rocks, the same geological reasoning is of less value, as the rocks may compensate laterally for 
25 late deformation effects and produce the same results. 
26 

21 Borns (1983; 1987; Borns et al., 1983) has extensively examined the macroscopic to microscopic 
28 features from cores taken within the structurally deformed areas. These studies follow earlier, 
29 broader studies of macroscopic features from the "state line outcrop" (Kirkland and Anderson, 
30 1970) and ERDA-6 (Anderson and Powers, 1978). Kirkland and Anderson (1970) reported that 
31 small-scale folding within the Castile outcrops is oriented consistently along the general 
32 north-south strike of beds in the Delaware Basin. From this they concluded that the deformation 
33 was related to tilt of the basin, generally believed to be Cenozoic in age (e.g., Anderson, 1978; 
34 King, 1948; Borns et al., 1983), although authors differ in opinions on when this took place by 
35 tens of millions of years. Anderson and Powers (1978) used this apparent relationship to 
36 estimate that folding at ERDA-6 took place after the tilt of the basin. Jones (1981) estimated that 
37 deformation took place before the Ogallala was deposited because that unit is undeformed at 
38 the location of ERDA-6. Bachman (1980) and Madsen and Raup (1988) are among investigators 
39 who interpret angular relationships between various formations of the Ochoan Series, beginning 
40 with the Castile/Salado contact. These relationships require tilting of the existing beds to the 
41 east, as the angular unconformities are always placed on the western side of the basin. Tilting 
42 of the basin may well have occurred through much of the time when the Ochoan Series was 
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being deposited, as Holt and Powers (1988) present evidence that the depocenter for the Rustler 
was displaced eastward from the Castile and the Salado patterns and overlies part of the 2 

Capitan reef on the northeastern side of the Delaware Basin. The Delaware Basin appears to 3 

have tilted at various times from the late Permian to at least the Cenozoic, and the conditions 4 

for deformation may well have existed since the late Permian. Direct evidence of the time of 5 

affirmation has been difficult to obtain, and tilting of the basin, as a condition for the deformation, 6 

appears to have occurred at times beginning in the late Permian. Jones (1981) argues that the 1 

structure at ERDA-6 must be in part younger than Triassic because Triassic rocks are also 8 

deformed over the deformed evaporates, and that the structure must be older than late Cenozoic 9 

because the Ogallala over part of the structure is undeformed and erosionally truncates the 10 

upper part of the Triassic rocks. This may be the most conclusive age relationship demonstrated 11 

for any of these related structures. Conventional relationships with beds overlying deformed 12 

evaporites, such as that cited by Jones (1981) for the Ogallala, are suspect if the deformation 13 

ends or dies out vertically within the evaporites because of the potential for compensating 14 

deformation in evaporates (e.g., Borns, 1983). 15 

Borns (1983, 1987) reexamined the "state line outcrop" as well as the cores from various 16 

boreholes and concluded that the styles of deformation present in these cores indicate a very 11 

complicated history, including episodes of deformation that are probably synsedimentary. The 18 

folding may, for example, display disharmonic or opposing styles that would not normally be 19 

attributed to a single episode of strain in a pervasive stress field. If the deformation all occurred 20 

in response to a single event such as the tilting of the Delaware Basin, the folds and other strain 21 

indicators should all have a common orientation. lsoclinal folding may occur very early, while 22 

asymmetric folding is often penetrative, indicating later time of origin. Fractures in more brittle 23 

units such as the Castile anhydrites are often very high-angle to vertical and are considered one 24 

of the late deformation features in cores. These fractures in the larger anticlinal structures of the 25 

DZ are apparently the proximate source of pressurized brines and gases. Borns (Borns and 26 

Shaffer, 1985; Borns, 1987) recognized that tilting of the basin, among other possible sources 21 

of stress, may have occurred at several different times and is not limited to a single Cenozoic 28 

event. 29 

Hypotheses of Formation of Deformation in Castile 30 

Several hypotheses have been advanced for the formation of the Castile structures in the DZ 31 

and other parts of the Delaware Basin (Borns et al., 1983). The five principal processes 32 

hypothesized as causes of the DZ are gravity foundering, dissolution, gravity sliding, gypsum 33 

dehydration, and depositional processes (Borns et al., 1983). Each of these hypotheses will be 34 

briefly summarized, though gravity foundering due to density differences between halite and 35 

anhydrite is considered the leading hypothesis (Borns, 1987). 36 

Gravity foundering is based on the fact that anhydrite (about 181 pounds per cubic ft (lb/ft3
], or 37 

2.9 grams per cubic centimeter (gm/cc]) is much more dense than halite (about 134 lb/ft3 38 
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[2.15 gm/cc]). When anhydrite beds overlie halite, there is considerable potential for the 
2 anhydrite to sink and for the halite to rise. This potential exists throughout much of the Delaware 
3 Basin in the Castile. Mathematical and centrifuge models of similar systems confirm the potential 
4 for such deformation and even suggest that the rate of deformation is about 0.02 inch (in)/year 
5 (yr) (0.05 centimeters [cm]/yr) (Borns et al., 1983). At such a rate, the DZ could be inferred to 
6 g~y~:::developig over about 700,000 years (Borns et al., 1983). The principal difficulty with this 
7 hypothesis is that there are large areas of the Delaware Basin that remain undeformed, though 
8 the stratigraphy is similar to that within the DZ. The potential for gravity foundering exists over 
9 most of the basin, yet only a small part actually manifests such deformation. A special condition, 

10 such as a localized higher water content or an anomalous distribution of water, is hypothesized 
11 to explain why deformation is localized despite the pervasive density inversion (Borns et al., 
12 1983). The presence of pressurized brine and gas associated with some of these structures is 
13 at least consistent with this explanation. 
14 

15 Halite could potentially be removed from the evaporite section by dissolution and change the 
16 form of the evaporites. The density structure could be changed by removing salt near the 
17 surface, causing collapse and fill with sediment that is more dense than the removed salt 
18 (Anderson and Powers, 1978). Borns et al. (1983) reviewed some of the evidence that 
19 evaporites were deformed near surficial sinks and concluded that there was certainly some 
20 association but that the pattern of deformation did not match the shallow dissolution. If salt is 
21 dissolved from the lower Salado or the Castile, then overlying beds should deform in response 
22 to the removal of mass. DOE-2 was drilled to test that hypothesis. Recrystallized halite has 
23 been offered as evidence of the passage of fluids, but there appears to be no unique relationship 
24 between recrystallized halite and deformation. In addition, certain halite sections appear much 
25 overthickened, which is clearly not directly due to halite removal. These features indicate 
26 generally that the halite can be squeezed and will "move" laterally. The fact that the Rustler 
27 shows no discernable overall structural lowering over the DZ (Holt and Powers, 1988) suggests 
28 that neither the dissolution of the lower Salado nor the Castile is the origin of the deformation. 
29 The one area in which the Rustler is structurally affected is around ERDA-6, and there it is 
30 warped upward as noted by Jones (1981). Borns et al. (1983) do not believe that the Bell 
31 Canyon has been a source for brines in the Castile because of the chemistry (Lambert, 1978; 
32 1983a) and the small volume. 
33 

34 Gravity sliding in the Delaware Basin could be driven by two physical situations: the general 
35 eastward dip and the dip off the Capitan reef and forereef into the basin. In contrast to the 
36 gravity foundering mechanism, where movement is dominantly vertical, gravity would result in 
37 sliding blocks moving mainly laterally as well as downslope in this mechanism. Some of the 
38 deformation is adjacent to the reef (Jones et al., 1973), lending some substance to the 
39 hypothesis that the reef-forereef slope and facies changes could cause such sliding. Some 
40 deformation is in somewhat isolated portions of the basin (e.g. Poker Lake) (Anderson and 
41 Powers, 1978; Borns and Shaffer, 1985), and these structures were originally interpreted to align 
42 along the strike of the basin (Anderson and Powers, 1978). Borns and Shaffer (1985) conclude 
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that the data do not uniquely support that interpretation, and these structures may or may not 
support the concept of gravity sliding within the basin. Borns et al. (1983) also concluded that 
the timing of the various structures is an important factor in evaluating this hypothesis. As 
discussed above, neither the age of the various structures nor the timing of the basin tilt are well 
constrained. If tilting of the basin is an important event in forming these structures, the various 
macro to microstructures should probably be consistently related. As in gravity foundering, much 
of the basin area has not reacted to what appears to be widespread similar stresses. Special 
circumstances, such as an anomalous distribution of water, may be necessary to overcome a 
threshold for deformation to occur. 

In general, as temperature and pressure increase, gypsum dehydrates to form anhydrite and 
release free water. Borns et al. (1983) discuss the effects this process has in experiments...ffi. 
that weaken the anhydrite. Borns et al. (1983) suggest, however, that a major difficulty with this 
hypothesis is that there should remain relics of the original gypsum within the sedimentary 
column; these are not observed. Borns et al. (1983) suggest that mostly anhydrite was 
deposited in the Castile, and as a consequence, the dehydration hypothesis has little observable 
support. More recently pseudomorphs after gypsum have been recorded in every major 
anhydrite of the Castile (Harwood and Kendall, 1988; Hovorka, 1988; Powers, unpublished data; 
SNL and D'Appolonia Consulting Engineers, 1982c). Gypsum certainly has been present in the 
Castile, though anhydrite cannot be dismissed as possibly an important primary mineral. 
Delicate forms of original gypsum crystals are sometimes preserved and pseudomorphed by 
anhydrite or halite. Each requires volume-for-volume replacement, probably through dissolution 
and crystallizing the replacement mineral. There are no observed fluid escape paths, and the 
gypsum may have been replaced very early in the sedimentary history. The additional major 
drawback to this hypothesis is that the process should be pervasive, while the deformation is 
localized. Special pleading for an additional factor is necessary in this process as in some other 
hypotheses. 

Depositional or syndepositional processes have been invoked for some of the deformation in the 
Castile. Borns et al. (1983) list four main mechanisms that have been suggested: 
penecontemporaneous folding, resedimentation, slump blocks off of reef margins, and 
sedimentation on inclined surfaces. Penecontemporaneous folding requires consolidation of the 
units over relatively short times. Borns et al. (1983) also cite the lack of observed features that 
indicate the rocks were reexposed. Evaporite units in the Mediterranean contain resedimented 
material: turbidities, slumping, and mud flows with other elastic sediment. Borns et al. (1983) 
report that "the units of the WIPP area show little chaotic or elastic structures." They also apply 
the same argument of Kirkland and Anderson (1970) that the deformed units would have to be 
consolidated by the time of resedimentation. 

In a more recent study of cores from the western part of the Delaware Basin, Robinson and 
Powers (1987) report a lobate unit of the resedimented Castile anhydrite clasts overlying both 
the lower anhydrite and halite of the Castile and underlying the second anhydrite. The apparently 
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unconformable contact with both anhydrite 1 and halite 1 lies across the extension of the 
2 Huapache monocline, which appears to have been still active during the time part of the Castile 
3 was deposited. Polyclasts within some beds of this unit demonstrate that the original anhydrite 
4 was partially consolidated and that a unit of clasts was also at least partially consolidated to 
5 provide the polyclasts. These units were consolidated early between the time halite 1 was 
6 deposited and anhydrite began to be deposited. 
7 

8 In the rest of the basin there is no apparent interval between the end of the halite and beginning 
9 of the anhydrite deposition. The relationship clearly indicates that the western margin was an 

10 area of sulfate clast formation, deposition, and lithification over a very short interval of geologic 
11 time. Hovorka (1988) indicates that similar elastic deposits occur in cores from nearer the 
12 eastern margin of the Delaware Basin. Snider (1966) proposed much earlier that sedimentation 
13 caused anomalous thickness of Castile units near the basin margin, and Billo (1986) presented 
14 a similar conclusion. Neither reported any textural evidence to support their conclusions. 
15 

15 Clearly, Castile rock has been resedimented, but in the area where textural data are available, 
11 only modest deformation appears to be present (Robinson and Powers, 1987). At this time, 
18 there is little to suggest that such sedimentation resulted in the deformation in the DZ. There 
19 is also no direct evidence from the WIPP area that suggests slump blocks off of the reef margin 
20 moved into the area, causing deformation. The high inferred slopes of some of these structures 
21 argues strongly against sedimentation on inclined surfaces (Borns et al., 1983). 
22 

23 The concept that deformation was syndepositional or penecontemporaneous with deposition 
24 appears to mainly be driven by the fact that deformation decreases upward through successive 
25 units. Normal geologic reasoning would support penecontemporaneous deformation but does not 
25 take into account the rather plastic behavior of halite, allowing flow from over high areas to move 
21 halite into low areas. Overlying units, such as the Rustler, are made of much less plastic 
28 material and do not respond as the Salado does. The deformation appears to be compensated 
29 in overlying units through deposition. 
30 

31 Overall, both gravity-driven mechanisms require some special additional conditions restricting 
32 deformation to small areas though most of the basin appears to be equally susceptible. 
33 Dissolution permits a more localized effect, but there does not appear to be an overall loss of 
34 mass in these areas, and the chemistry of the fluids and hydrology of the units do not readily 
35 support the concept. Most of the syndepositional processes have no evidence to support them 
36 in the area of the DZ. The most favored hypothesis at the moment is gravity foundering, with a 
37 yet undetected anomalous distribution of fluid lowering the viscosity of halite locally to permit 
38 deformation. 
39 

40 
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Most of the arguments about timing of deformation have already been discussed. Standard 2 

geologic arguments about relative timing, based on involvement of the overlying units, is unlikely 3 

to hold for the evaporite units. Jones (1981) notes that uplifted and arched Triassic rocks near 4 

the ERDA-6 borehole are truncated by the flat-lying, undeformed Pliocene Ogallala. This was 5 

interpreted as an indication that salt movement was complete before deposition of the Ogallala 6 

(Jones, 1981 ). However, he does not explain either how the Triassic structure relates to the 1 

deeper DZ or how it is distinguished from near surface dissolution effects (Borns et al., 1983). 8 

The Castile rocks may have been deformed during any time period from Permian to the present. 9 

More to the point, for some hypotheses, the general conditions thought necessary to deform the 10 

Castile and the Salado are still present, and mechanisms such as gravity foundering are 11 

potentially active (Borns et al., 1983). 12 

An additional piece of data is relevant. Brines from ERDA-6 and WIPP-12 were analyzed, and 13 

the brines were calculated to last have moved after about 800,000 years ago !Lambert and 14 

Carter, 1984; Barr et al., 1979). One set of reasonable assumptions about brine chemistry and 15 

interactions with the rock leads to calculated residence times of about 25,000 to 50,000 years 16 

for these brines. This may relate to the last time deformation was active on this structure, 11 

although it is not uniquely an indicator of deformation. The interaction between rock and water 18 

may have been strictly hydrologically driven and may not require deformation at that time. 19 

The second point of interest is that some modelling calculations indicate, as stated above, that 20 

the kinds of structures observed in the DZ may require periods on the order of 700,000 years 21 

to form. There is no indication when the structures formed by this calculation, but it is relevant 22 

to timing and assessing how these structures might affect the WIPP. 23 

Importance to the WIPP 24 

The structures interpreted from core retrieved from WIPP-12 and ERDA-6 serve as possible 25 

analogs to effects of deformation on the WIPP. The DOE and the EEG have analyzed the 26 

effects of brine and structure at WIPP-12 and the southern portion of the site and have 21 

concluded that the geologic conditions represent no threat to health and safety. In addition, both 28 

boreholes encountered brine only within the anhydrite units, and that is the experience of all 29 

other encounters of these larger brine inflows (Popielak et al., 1983). Anhydrite supports the 30 

fractures that provide porosity for the brine, and the anhydrite/halite units form an effective seal, 31 

as the pressurized brines and gas did not escape upward. The principal concern for isolation 32 

would be that the deformation, and its associated phenomena such as pressurized brine and gas 33 

could cause breaching of the repository and provide or make a pathway for the escape of the 34 

waste constituents. The period of time expected for development of the structure (700,000 years) 35 

is well beyond periods of regulatory concern. In addition, the evidence of the pressurized brine 36 

and gas occurrences is that they are confined to these Castile anhydrite layers and do not 37 
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breach the lower Salado to reach the stratigraphic level of the repository. There is nothing at 
2 present to indicate that these features will form in the time period of concern or that they can 
3 directly cause a breach of the repository. 
4 

5 D6-1f(2) Evaporite Dissolution 
6 

1 Because evaporites are much more soluble than most other rocks, project investigators have 
8 considered it important to understand the dissolution processes and rates that take place within 
9 the site considered for long-term isolation. These dissolution processes and rates constitute the 

10 limiting factor in any evaluation of the site. Over the course of the WIPP Project, extensive 
11 resources have been committed to identify and study a variety of features in southeastern New 
12 Mexico interpreted to have been caused by dissolution. The subsurface distribution of halite for 
13 various units has been mapped. Several different kinds of surface features have been attributed 
14 to dissolution of salt or karst formation. The processes proposed or identified include 
15 point-source (brecciation), "deep" dissolution, "shallow" dissolution, and karst. The categories 
16 are not well defined. Nonetheless, as discussed in the following sections, dissolution is not 
11 considered a threat to isolation of waste at the WIPP. 
18 

19 D6-1f(2)(a) Brief History of Project Studies 
20 

21 Well before the WIPP Project, several geologists recognized that dissolution is an important 
22 process in southeastern New Mexico and that it contributed to the subsurface distribution of 
23 halite and to the surficial features. A number of these are listed in the Bibliography to this 
24 appendix, including Lee (1925, pp. 107-121), Maley and Huffington (1953, pp. 539-546), and 
25 Olive (1957, pp. 351-358 ). Robinson and Lang identified an area in 1938 under the Nash Draw 
26 where brine occurred at about the stratigraphic position of the upper Salado/basal Rustler and 
21 considered that salt had been dissolved to produce a dissolution residue. Vine mapped the 
28 Nash Draw and surrounding areas, reporting in 1963 on various dissolution features. Vine 
29 (1963) reported surficial domal structures later called "breccia pipes" and identified as 
30 deep-seated dissolution and collapse features. 
31 

32 As the USGS and ORNL began to survey southeastern New Mexico as an area in which to 
33 locate a repository site in salt, Brokaw et al. in 1972 prepared a summary of the geology that 
34 included solution and subsidence as significant processes in creating the features of 
35 southeastern New Mexico. Brokaw et al. (1972) recognized a solution residue at the top of salt 
36 in the Salado, and the unit commonly became known as the "brine aquifer'' because it yielded 
37 brine in the Nash Draw area. Brokaw et al. (1972) interpreted the east-west decrease in 
38 thickness of the Rustler to be a consequence of removal of halite and other soluble minerals 
39 from the formation by dissolution. 
40 

41 During the early 1970s, the basic ideas about shallow dissolution of salt (generally from higher 
42 stratigraphic units and within a few hundred feet of the surface) were set out in a series of 
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reports by Bachman, Jones, and collaborators. Piper independently evaluated the geological 
survey data for ORNL. Claiborne and Gera concluded that salt was being dissolved too slowly 2 

from the near-surface units to affect a repository for several million years, at least. 3 

By 1978, shallower drilling around the WIPP site to evaluate potash resources was interpreted 4 

by Jones (1978, p. 9), who felt the Rustler included "dissolution debris, convergence of beds, 5 

and structural evidence for subsidence." Halite in the Rustler has been reevaluated by the DOE, 6 

but there are only minor differences in distribution among the various investigators, and these 7 

investigators have different explanations about how this distribution occurred (see previous 8 

section on the Rustler stratigraphy): through dissolution of the Rustler's halite after the Rustler 9 

was deposited or through syndepositional dissolution of halite from saline mud flat environments 10 

during the Rustler deposition. 11 

Under contract to SNL, Anderson, in work reported in 1978, reevaluated halite distribution in 
deeper units, especially the Castile and the Salado. He identified local anomalies proposed as 
features developed after dissolution of halite by water circulating upward from the underlying Bell 
Canyon. In response to Anderson's developing concepts, ERDA-1 O was drilled south of the 
WIPP area during the latter part of 1977. ERDA-10 is interpreted to have intercepted a 
stratigraphic sequence without evidence of solution residues in the upper Castile. Anderson 
mapped geophysical log signatures of the Castile and interpreted lateral thinning and change 
from halite to nonhalite lithology as evidence of lateral dissolution of deeper units (part of "deep 
dissolution"). Anderson (1978) considered that deep dissolution might threaten the WIPP site. 

A set of annular or ring fractures is evident in the surface around the San Simon Sink, about 
18 mi (30 km) east of the WIPP site. Nicholson and Clebsch (1961, p. 14) suggested that San 
Simon Sink developed as a result of deep-seated collapse. WIPP-15 was drilled at about the 
center of the sink to a depth of about 811 ft (245 m) to obtain samples for paleoclimatic data and 
stratigraphic data to interpret collapse. Anderson and Bachman both interpret San Simon Sink 
as dissolution and collapse features, and the annular fractures are not considered evidence of 
tectonic activity. 

Following the work by Anderson, Bachman mapped surficial features in the Pecos Valley, 
especially at the Nash Draw, and differentiated between those surface features in the basin that 
were formed by karst and deep collapse features over the Capitan reef. WIPP-32, WIPP-33, and 
two boreholes over the Capitan reef were eventually drilled. Their data, which demonstrated the 
concepts proposed by Bachman, are documented in Snyder and Gard (1982, p. 65). 

A final program concerning dissolution and karst was initiated following a microgravity survey of 
a portion of the site during 1980. Based on localized low-gravity anomalies, Barrows et al., in 
1983 interpreted several areas within the site as locations of karst. WIPP-14 was drilled during 
1981 at a low-gravity anomaly. It revealed normal stratigraphy through the zones previously 
alleged to be affected by karst. As a followup in 1985, Bachman also reexamined surface 
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features around the WIPP and concluded there was no evidence for active karst within the WIPP 
2 site. The nearest karst feature is northwest of the site boundaries at WIPP-33 and is considered 
3 inactive. 
4 

5 D6-1 f(2)(b) Extent of Dissolution 
6 

1 Within members of the Rustler, the margins of halite have been mapped by differing methods 
8 and summarized by Beauheim (1987). There are few differences, despite the difference in 
9 methods (Figure D6-9). Lower members of the Rustler are halitic west of the site, and higher 

10 members generally show halite only further east. Snyder interprets these margins as a 
11 consequence of post-depositional dissolution of halite. Holt and Powers (1988, pp. 6-8 to 6-9) 
12 interpret sedimentary structures within the Rustler mudstone as being equivalents to halite in 
13 order to indicate that most halite was removed during the depositional process and redeposited 
14 in a salt pan in the eastern part of the depositional basin. 
15 

16 Upper intervals of the Salado thin dramatically west and south of the WIPP site (Figures D6-22 
11 and D6-23) compared to deeper Salado intervals (Figure D6-24). There are no cores for further 
18 consideration of possible depositional variations. As a consequence, this margin is interpreted 
19 as the edge of dissolution of the upper Salado. 
20 

21 General margins of halite for the Castile are well west of the WIPP site and are generally 
22 accepted. Although Robinson and Powers (1987, pp. 69-79) question the volume of salt that 
23 may have been dissolved from the Castile, the general boundaries are not disputed. 
24 

25 D6-1f(2)(c) Timing of Dissolution 
26 

21 The dissolution of Ochoan-Epoch evaporites through the near-surface processes of weathering 
28 and groundwater recharge hasbeenstudiedextensively(Anderson, 1981, pp.133-145; Lambert, 
29 1983a; Lambert, 1983b, pp. 291-298; Bachman, 1984, pp. 1-22; see also Holt and Powers, 
30 1988). The work of Lambert (1983a) was specifically mandated by the DOE's agreement with 
31 the State of New Mexico in order to evaluate, in detail, the conceptual models of evaporite 
32 dissolution proposed by Anderson (1981, pp. 133-145). There was no clear consensus of the 
33 volume of rock salt removed. Hence, estimates of the instantaneous rate of dissolution vary 
34 significantly. Dissolution may have taken place as early as the Ochoan, during or shortly after 
35 deposition. For the Delaware Basin as a whole, Anderson (1981, pp. 133-145) proposed that 
36 up to 40 percent of the rock salt in the Castile and the Salado was dissolved during the past 
37 600 thousand years ago (ka). Lambert (1983b, pp. 291-298) suggested that in many places the 
38 variations in salt-bed thicknesses inferred from borehole geophysical logs that were the basis 
39 for Anderson's (1981) calculation were depositional in origin, compensated by thickening of 
40 adjacent nonhalite beds, and were not associated with the characteristic dissolution residues. 
41 Borns and Shaffer also suggested in 1985 a depositional origin for many apparent structural 
42 features attributed to dissolution. 
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Snyder(1985, pp. 85-229), asdoearlierworkers (e.g., Vine, 1963; Lambert, 1983b, pp. 291-298; 
Bachman, 1984, pp. 1-22), attributes the variations in thickness in the Rustler, which crops out 2 

in the Nash Draw, to post-depositional evaporite dissolution. Holt and Powers (1988, pp. 7-1 to 3 

7-27) have challenged this view and attribute the east-to-west thinning of salt beds in the Rustler 4 

to depositional facies variability rather than postdepositional dissolution. Bachman (1974, pp. 5 

74-194; 1976, pp. 135-144; 1980, pp. 80-109) envisioned several episodes of dissolution since 6 

the Triassic, each dominated by greater degrees of evaporite exhumation and a wetter climate, 1 

interspersed with episodes of evaporite burial and/or a drier climate. Evidence for dissolution 8 

after deposition of the Salado and before deposition of the Rustler along the western part of the 9 

Basin was cited by Adams (1944, pp. 1596-1625). Others have argued that the evaporites in 10 

the Delaware Basin were above sea level and therefore subject to dissolution during the Triassic, 11 

Jurassic, Tertiary, and Quaternary periods. Because of discontinuous deposition, not all of these 12 

times are separable in the geological record of southeastern New Mexico. Bachman (1984) 13 

contends that dissolution was episodic during the past 225 m~!:!9n]ii@mma as a function of 14 

regional base level, climate, and overburden. 15 

Some investigators have reasoned that i.:::wetter climate accelerated the dissolution. Various 15 

estimates of middle Pleistocene climatic conditions have indicated that climate was more moist 11 

during the time of the Gatufia than during the Holocene. An example of evidence of mass loss 18 

from dissolution since Mescalero time (approximately 500 thousand years ago [kal) is found in 19 

displacements of the Mescalero caliche as large as 180 ft (55 m) in collapse features in the Nash 20 

Draw. However, given the variations in Pleistocene climate, it is unrealistic to apply a calculated 21 

average rate of dissolution, determined over 500 ka, to shorter periods, much less extrapolate 22 

such a rate into the geological future. 23 

There have been several attempts to estimate the rates of dissolution in the basin. Bachman 24 

provided initial estimates of dissolution rates in 197 4 based on a reconstruction of the Nash Draw 25 

relationships. Although these rates do not pose a threat to the WIPP, Bachman later 25 

reconsidered the Nash Draw relationships and concluded that pre-Cenozoic dissolution had also 21 

contributed to salt removal. Thus the initial estimated rates were too high. Anderson concluded 28 

in 1978 that the integrity of the WIPP to isolate radioactive waste would not be jeopardized by 29 

dissolution within about 1 million years. Anderson and Kirkland (1980, pp. 66-69) expanded on 30 

the concept of brine-density flow proposed by Anderson in 1978 as a means of dissolving 31 

evaporites at a point by circulating water from the underlying Bell Canyon. Wood et al. (1982) 32 

examined the mechanism and concluded that, while it was physically feasible, it would not be 33 

effective enough in removing salt to threaten the ability of the WIPP to isolate TRU waste. 34 

There is local evidence of Cenozoic dissolution taking place at the same time that part of the 35 

Gatufia was being deposited in the Pierce Canyon area. Nonetheless, there is no indicator that 36 

the rates of dissolution in the Delaware Basin are sufficient to affect the ability of the WIPP to 37 

isolate TRU waste. 38 
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D6-1f(2)(d) Features Related to Dissolution 

3 Bachman (1980, p. 97) separated breccia pipes, formed over the Capitan reef by dissolution and 
4 collapse of a cylindrical mass of rock, from evaporite karst features that appear similar to breccia 
5 pipes. There are surficial features, including sinks and caves, in large areas of the basin. The 
6 Nash Draw is the result of combined dissolution and erosion. Within the site boundaries, there 
7 are no known surficial features due to dissolution or karst. 
8 

9 South of the WIPP site, there is a clear relationship between a subsurface structure on the 
10 Culebra (Figure D6-25) and dissolution. Salt has been removed from the underlying Salado to 
11 create a general anticline from near the Laguna Grande de la Sal to the southeast. Beds 
12 generally dip to the east, and salt removed to the west created the other limb of the structure. 
13 Units below the evaporites do not apparently show the same structure. 
14 

15 D6-2 Surface-Water and Groundwater Hydrology 
16 

17 The DOE believes the hydrological characteristics of the disposal system require evaluation to 
10 determine if contaminant transport via fluid flow is a pathway of concern. At the WIPP site, one 
19 of the DOE's selection criteria was to choose a location that would minimize fluid-related impacts. 
20 This was accomplished when the DOE selected: f 1) a disposal medium that GQP~!jri.l[i!:@li[ifflm~ 
21 gi.i.f.Q:ntfilg$.~:Js essentially devoid of groundwater, f2) a location where the effects" ofgrou"n"dwater 
22 drc.uiatian· ett:!l!~::e~i:P:P:ii!::::system are ~!m!t~MK:minima1 and r!~~9in~:Rt¥::::predictab1e, f3> an area 
23 where groundwater use is iif!IJ!,!00[!19 virt1:1ally nonexistent, ~) an area where there are no 
24 surface waters, f5) an area where future groundwater use is unlikely, and f6) a repository host 
25 rock that will not likely be affected by anticipated long-term climate changes possible within 
26 10,000 years. 
27 

20 The following discussion summarizes the characteristics of the groundwater and surface water 
29 at and around the WIPP site. This summary is based on data-collection programs that were 
30 initiated at the inception of the WIPP program and which continue to some extent today. These 
31 programs have several purposes as follows: 
32 

33 • To provide sufficient information to develop predictive models of the groundwater 
34 movement within the vicinity of the WIPP site 
35 
36 • To collect data to evaluate the predictive models and to adapt them to the specific 
37 conditions of the WIPP site 
38 

39 

40 

41 

42 

43 

44 

• To develop an understanding of the surface water characteristics and the 
interaction between surface waters and groundwater 

• To develop predictive models of the interaction between surface water and 
groundwater during reasonably expected climate changes. 
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In order to provide a comprehensive understanding of the impact of groundwater and surface 1 

water on the disposal system, the following relevant factors have been evaluated: 2 

• Groundwater 3 

- General flow direction 4 

- Flow type 5 

- Horizontal and vertical flow velocities 6 

- Hydraulic interconnectivity between rock units 1 

- General groundwater use 8 

- Chemistry (including, but not limited to, salinity, mineralization, age, Eh, and pH) 9 

• Surface Water 10 

- Regional precipitation and evapotranspiration rates 11 

- Location and size of surface-water bodies 12 

- Water volume, flow rate, and direction 13 

- Drainage network 14 

- Hydraulic connection with groundwater 15 

- Soil hydraulic properties (infiltration) 16 

- General water chemistry and use. 11 

For the purposes of groundwater modeling, the hydrological system is divided into three 18 

segments. These are f 1) the Salado, which for the most part concerns the undisturbed 19 

performance of the disposal system; f2) the non-Salado rock units, which essentially are 20 

impacted by the disturbed (human intrusion) performance of the disposal system; and f3) the 21 

surface waters, which are impacted by the natural variability of the climate. 22 

The WIPP site lies within the Pecos River drainage area (Figure D6-26). The climate is 23 

semiarid, with a mean annual precipitation of about 12 in. (0.3 m), a mean annual runoff of from 24 

0.1 to 0.2 in. (2.5 to 5 millimeters [mm]), and a mean annual pan evaporation of more than 25 

100 in. (2.5 m). Brackish water with total dissolved solids (TDS) concentrations of more than 26 

3,000 parts per million (ppm) is common in the shallow wells near the WIPP site. Surface waters 21 

(Section 1.2.2) typically have high TDS concentrations, particularly of chloride, sulfate, sodium, 28 

magnesium, and calcium {MP!ITT.@i!::::lll· 29 

At the WIPP site, the DOE obtains hydrologic data from conventional and special-purpose test 30 

configurations in multiple surface and underground boreholes. (Figure D6-2 is a map of surface 31 

borehole locations.) Geophysical logging of the surface boreholes has provided hydrologic 32 

information on the rock strata intercepted. Pressure measurements, fluid samples, and ranges 33 

of rock permeability have been obtained for selected formations through the use of standard and 34 

modified drill-stem and packer tests. Slug injection or withdrawal and tracer tests have provided 35 

additional data to aid in the estimation of transmissivity and storage of several water-bearing 36 

units. Also, the hydraulic head of groundwaters within many water-bearing zones in the region 37 
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has been mapped from measured depths to water and fluid pressure measurements in the 
2 surface boreholes. 
3 

4 D6-2a Groundwater Hydrology 
5 

6 Rock units that are important to WIPP hydrology are the Bell Canyon of the Delaware Mountain 
1 Group, the Castile, the Salado, the Rustler, the Dewey Lake, and the Santa Rosa (or Dockum 
8 Group) (Figures D6-27 and D6-28). Of these rock units, the Castile and the Salado are defined 
9 as aquitards (nonwater-transmitting layers of rock that bound an aquifer). 

10 

11 The Bell Canyon is of interest to the DOE because it is the first regionally continuous water-
12 bearing unit beneath the WIPP. The Castile provides a hydrologic barrier underlying the Salado, 
13 though it may contain isolated occurrences of pressurized brine. 
14 

15 The Culebra is the first laterally continuous unit located above the WIPP underground facility to 
15 display hydraulic conductivity sufficient to warrant concern over lateral contaminant transport. 
11 Barring a direct breach to the surface, the Culebra provides the most direct pathway between 
1a the WIPP underground and the accessible environment. The hydrology and fluid geochemistry 
19 of the Culebra are very complex and, as a result, have received a great deal of study in WIPP 
20 site characterization. (See for example LaVenue et al. (1988), Haug et al. (1987), and Siegel 
21 et al. (1991) in the Bibliography.) 
22 
23 At the site, the Dewey Lake is 60 ft (18 m) below the surface and about 490 ft (149 m) thick. 
24 These units appear to be mostly unsaturated hydrologically in the vicinity of the WIPP shafts and 
25 over the waste emplacement panels. 
26 

21 At the WIPP site, the DOE recognizes the Culebra and the Magenta of the Rustler as the most 
28 significant water-bearing units. The DOE's sampling and analysis of groundwater has focused 
29 on these two rock units, and the hydrologic background presented here is more detailed than 
30 for other rock units. The hydrologic properties of the interface between the Rustler and the 
31 Salado will also be discussed. Table D6-2 provides an overview of the hydrologic characteristics 
32 of the rock units of interest at the WIPP site and the Rustler/Salado contact zone. 
33 

34 D6-2a(1) Hydrology of the Capitan Limestone 
35 

36 The Capitan, cropping out in the southern end of the Guadalupe Mountains, is a massive 
37 limestone unit that grades basinward into recemented, partly dolomitized reef breccia and 
38 shelfward into bedded carbonates and evaporites. Its hydraulic conductivity ranges from 1 to 
39 25 ft (0.3 to 7.6 m) per day in southern Lea County and is 5 ft (1.5 m) per day east of the Pecos 
40 River at Carlsbad. Hiss reported in 1976 average transmissivities around the northern and 
41 eastern margins of the Delaware Basin are 10,000 square ft (929 square m) per day in thick 
42 sections and 500 square ft (46.5 square m) per day in incised submarine canyons. In the 
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aquifer, water-table conditions are found southwest of the Pecos River at Carlsbad; however, 
artesian conditions exist to the north and east. A deeply-incised-submarine canyon near the 2 

Eddy/Lea County line has been identified. This canyon is filled with sediments of lower 3 

permeability than the Capitan and according to Hiss restricts fluid flow. The hydraulic gradient 4 

to the southeast of this restriction has been affected by large oil-field withdrawals. The Capitan 5 

limestone is recharged by percolation through the northern shelf aquifers, by flow from underlying 6 

basin aquifers to the south and west, and by direct infiltration at its outcrop in the Guadalupe 1 

Mountains. 8 

D6-2a(2) Hydrology of the Delaware Mountain Group 9 

Formations of the Delaware Mountain Group underlie the Capitan reef and form the floor of the 10 

Delaware Basin evaporite sequence. Three separate formations, each about 1,000 ft (305 m) 11 

thick, are assumed to form a single aquifer system, with an average hydraulic conductivity of 12 

0.02 ft (0.065 m) per day and a calculated transmissivity of about 50 square ft (4.6 square m) 13 

per day. Figure D6-29 presents a potentiometric map representing a composite surface for the 14 

Delaware Mountain Group and the Capitan aquifer. The data were adjusted for saline density 15 

and expressed as freshwater equivalents. The brines in the Delaware Mountain Group flow 16 

northeasterly under a hydraulic gradient of from 25 to 40 ft per mi (4.7 to 7.6 m per km) and 11 

discharge into the Capitan aquifer. Velocities range from 0.2 to 0.3 ft (0.06 to 0.09 m) per year, 18 , , 

and groundwater yields from wells in the Delaware Mountain Group are from 0.6 to 1.5 gallons 19 

(gal) (2.3 to 5.8 liters [I]) per minute. 20 

D6-2a(3) Hydrology of the Salado and Castile Formations 21 

The Castile and the Salado consist mainly of halite and anhydrite. A considerable amount of 22 

information about the hydraulic properties of these rocks has been collected through field and 23 

laboratory experiments. Mercer et al. in 1987 compile@ and summarizeg this information. 24 

Salado Hydrology 25 

Hydraulic testing in the Salado halite-rich sections provided quantitative estimates of the 26 

hydraulic properties controlling brine flow through the Salado. The tests were interpreted by 21 

Beauheim et al. in 1991 and 1993 using models based on potentiometric flow. The tests 28 

influenced rock as far as 33 ft (10 m) distant from the test zone and were not thought to 29 

significantly alter the pretest conditions of the rock. The stratigraphic intervals tested include 30 

both pure and impure halite. Because tests close to the repository are within the DZ, it is 31 

reasonable to use the results of the tests farthest from the repository as most representative of 32 

undisturbed conditions. 33 

Twenty-two hydraulic tests have been performed m impure halite, and two in pure halite. 34 

Interpreted permeabilities using a Darcy-flow model range from 1x10-22 to 4x10-11 ft2 (1x10-23 to 35 
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4x10·18 m2
} for impure halite intervals. Interpreted formation pore pressures range from 0.3 to 

2 9. 7 Megapascal (MPa) for impure halite. Tests in pure halite show no observable response, 
3 indicating either extremely low permeability (10-22 ft2 [<10-23 m2

]} or no flow whatsoever. 
4 

5 Fourteen hydraulic tests have been performed in anhydrite. Interpreted permeabilities using a 
6 Darcy-flow model range from 2x10·19 to 7x10-17 ft2 (2x10-20 to 7x10-18 m2

) for anhydrite intervals. 
7 Interpreted formation pore pressures range from atmospheric te-tj!@:rJ~g@]~J;~Y,jJ,~9g;::=::;9 
8 12.5 MPa for anhydrite interva1s::::@~::=p!~~in!lf,!:::P!Y:§lii::!i~P!i:::IB.fi. Lower values are caused by 
9 depressurization near the excavation. 

10 

11 The properties of anhydrite interbeds have also been investigated in the laboratory. Tests were 
12 performed on three groups of core samples from Marker Bed 139 as part of the Salado Two-
13 Phase Flow Laboratory Program. The laboratory experiments provided porosity, intrinsic 
14 permeability, and capillary pressure data. Preliminary analysis of capillary pressure test results 
15 indicate a threshold pressure of less than 1 MPa. 
16 

17 Fluid pressure; that are much higher than hydrostatic pressures are a hydrologic characteristic 
18 of the Castile and the Salado that the DOE believes plays a potentially important role in the 
19 repository behavior. It is difficult to accurately measure natural pressures in these formations, 
20 because the boreholes or repository excavations required to access the rocks decrease the 
21 stress in the region measured. Stress released instantaneously decreases fluid pressure in the 
22 pores of the rock, so measured pressures must be considered as a lower bound of the natural 
23 pressures. Stress effects related to test location, and the difficulty of making long-duration tests 
24 in lower permeability rocks, results in higher pore pressures being observed to date in 
25 anhydrites. The highest observed pore pressure in halite-rich units, near Room Q, is on the 
26 order of 9 MPa, whereas the highest pore pressures observed in anhydrite are 12.5 MPa. It is 
27 expected that the far-field pore pressures in halite-rich and anhydrite beds in the Salado at the 
28 repository level are similar. For comparison, the hydrostatic pressure at the depth of the 
29 repository is about 7 megapascals, and the lithostatic pressure calculated from density 
30 measurements in ERDA-9 is about 15 MPa. 
31 

32 Fluid pressures in sedimentary basins that are much higher or much lower than hydrostatic are 
33 referred to as "abnormal pressures" in the literature of the petroleum industry, where they have 
34 received considerable attention. The explanations of how these pressures can be maintained 
35 over very long periods of time, perhaps millions of years, generally fall into two categories. The 
36 first is based on the concept that the maintenance of abnormal pressures indicates the rock 
37 volumes containing the high pressures must be "hydraulically isolated" from normally pressured 
38 sediments. The second maintains that all rocks have finite permeability and that abnormal 
39 pressures must be viewed as a transient phenomenon. In the absence of a generating method, 
40 according to the second category, these pressures would decay away over geologic time even 
41 in rocks with extremely low permeability. 
42 
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It has been demonstrated that the rocks of the Castile and the Salado, except for the pure 1 

halites, have a small but finite permeability. The high pressures are almost certainly maintained 2 

because of the large compressibility and plastic nature of the halite, and to a lesser extent, the 3 

anhydrite. The lithostatic pressure at a particular horizon must be supported by a combination 4 

of the stress felt by the rock matrix and the pore fluid. In highly deformable rocks, the portion 5 

of the stress that must be borne by the fluid exceeds hydrostatic pressure but cannot exceed 6 

lithostatic pressure. 1 
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Observation of the response of pore fluids in the Salado to potential gradients (to walls in the 
repository, to boreholes without packers, or to packer-sealed boreholes) is complicated by low 
permeability and low porosity. Flow has been observed to move to walls in the repository, to 
boreholes without packers, and to packer-sealed boreholes. In certain cases, evidence for flow 
is no longer observed where it once was; in others, flow has begun where it once was not 
observed. In many cases, observations and experiments must last for months or years to obtain 
useful results. In part because of design requirements such as duration (experimental period 
is short relative to the time required for the geological materials to fully respond), few quantitative 
data have been obtained for certain lithologic units within the Salado. There is much direct, 
qualitative experience regarding the behavior of flow crossing the walls of the repository::::~Qil:!i\! 

~~::!~i:i:::::1:~~1::~:::::~~1~rn:1:~g):. 

D6-2a(3)(a) Castile Formation Hydrology 

The hydrology of the Castile differs from that of the Salado in that fracturing in the upper 
anhydrite has generated regions with much greater permeability than the surrounding intact 
anhydrite. These regions are located in the area of structural deformation. The higher 
permeability regions of the Castile contain brine at pressures greater than hydrostatic and have 
been referred to as "brine reservoirs." The fluid pressure measured in the WIPP-12 borehole 
(12.7 MPa) is greater than the nominal hydrostatic pressure for a column of equivalent brine at 
that depth (11.1 MPa). Therefore, under open-hole conditions, brine could flow upward through 
an intrusion borehole. 

35 Hydraulic tests performed in the ERDA-6 and WIPP-12 boreholes suggest that the highly 
36 permeable portions of the Castile are limited in extent. The vast majority of brine is thought to 
37 be stored in low-permeability microfractures; about S:fiy! percent of the overall brine volume is 
38 stored in large open fractures. The volumes of the ERDA-6 and WIPP-12 brine reservoirs were 
39 estimated by Popielak et al. in 1983 to be 3.5x1 as ft3 (1 aa,aaa m3 

) and 9.5x1 as ft3 (27a,aaa m3
), 

40 respectively. 
41 

42 Results from several geochemical studies provide information about the origin of brine in the 
43 Castile. Popielak et al. (1983) concluded that the ratios of major and minor element 
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concentrations in the brines indicate that these fluids originated from ancient seawater and that 
there is no evidence for fluid contribution from present meteoric waters. The gas and brine 2 

chemistries of Castile waters from the ERDA-6 and WIPP-12 reservoirs are distinctly different 3 

from each other and from local groundwaters. The brines are saturated, or nearly so, with 4 

respect to halite and, consequently, have little or no halite dissolution potential. 5 

D6-2a(4) Hydrology of the Rustler-Salado Contact Zone 6 

In the vicinity of the Nash Draw, the contact between the Rustler and the Salado is an 7 

unstructured residuum of gypsum, clay, and sandstone created by the dissolution of halite. The 8 

residuum is absent under the WIPP site. It is clear that dissolution in the Nash Draw occurred 9 

after deposition of the Rustler. 10 

Brine in the Rustler/Salado contact residuum, immediately above the top of the salt in the vicinity 11 

of the Nash Draw, was first described by Robinson and Lang in 1938 and referred to as the 12 

"brine aquifer." They suggested that the structural conditions that caused the development of 13 

the Nash Draw might control the occurrence of the brine; thus, the brine aquifer boundary may 14 

coincide with the topographic surface expression of the Nash Draw. The studies of Robinson 15 

and Lang (1938) show the brine to be concentrated along a strip from 2 to 8 mi (3.3 to 13 km) 16 

wide and about 26 mi (43 km) long. Data from the test holes Robinson and Lang (1938) drilled 17 

indicate that the residuum (containing the brine) ranges in thickness from 10 to 60 ft (3 to 18 m) 18 

and averages about 24 ft (7 m). In 1954, hydraulic properties were determined by Hale et al. 19 

primarily for the area between Malaga Bend on the Pecos River and the Laguna Grande de la 20 

Sal. They calculated a value of transmissivity of 8,000 square ft per day (8.6x10-3 square m per 21 

second [sec]) and estimated the potentiometric gradient to be 1.4 ft per mile (0.27 m per km). 22 

In this area, the "Rustler/Salado residuum" apparently is part of a continuous hydrologic system 23 

as evidenced by the coincident fluctuation of water levels in the test holes (as far away as the 24 

Laguna Grande de la Sal) with pumping rates in irrigation wells along the Pecos River. 25 

In the northern one-half of the Nash Draw, the approximate outline of the brine aquifer (Rustler/ 26 

Salado contact residuum), as described by Robinson and Lang in 1938, has been supported by 27 

drilling associated with the WIPP hydrogeologic studies. These studies also indicate that the 28 

main differences in areal extent occur along the eastern side where the boundary is very 29 

irregular and, in places (test holes P-14 and H-07), extends farther east than previously indicated 30 

by Robinson and Lang (1938). 31 

Other differences from the earlier studies include the variability in thickness of residuum present 32 

in test holes WIPP-25 through WIPP-29. These holes indicate thicknesses ranging from 11 ft 33 

(3.3 m) in WIPP-25 to 108 ft (33 m) in WIPP-29 in the Nash Draw, compared to 8 ft (2.4 m) in 34 

test hole P-14 east of the Nash Draw. The specific geohydrologic mechanism that has caused 35 

dissolution to be greater in one area than in another is not apparent, although a general increase 36 
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in chloride concentration in water from the north to the south may indicate the effects of 
2 movement down the natural hydraulic gradient in the Nash Draw. 
3 

4 The average hydraulic gradient within the residuum in the Nash Draw is about 1 O ft per mile 
5 (1.9 m per km); in contrast, at the WIPP site the average gradient is 39 ft per mile (7.4 m per 
6 km). This difference reflects the changes in transmissivity, which are as much as five orders of 
7 magnitude greater in the Nash Draw. The transmissivity determined from aquifer tests in test 
8 holes completed in the Rustler/Salado contact residuum of the Nash Draw ranges from 2x10-4 
9 square ft per day (2.1x10-10 square m per sec) at WIPP-27 to 8 square ft per day (8.6x1 o-s 

10 square m per sec) at WIPP-29. This is in contrast to the WIPP site proper, where 
11 transmissivities range from 3x1 o-s square ft per day (3.2x10-11 square m per sec) at test holes 
12 P-18 and H-05c to 5x10-2 square ft per day (5.4x1 o-a square m per sec) at test hole P-14. 
13 Locations and estimated hydraulic heads of these wells are illustrated in Figure D6-30. 
14 

15 Hale et al. in 1954 believed the Rustler/Salado contact residuum discharges to the alluvium near 
16 Malaga Bend on the Pecos River. Because the confining beds in this area probably are 
11 fractured due to dissolution and collapse of the evaporites, the brine (under artesian head) 
18 moves up through these fractures into the overlying alluvium and then discharges into the Pecos 
19 River. 
20 

21 Evidence for very slow groundwater movement is found in the water quality, especially in the 
22 magnesium concentrations. Large magnesium concentrations appear to be indicative of an 
23 environment in which groundwater flow is extremely slow and there has been extensive 
24 interaction between the water and its host rock. Large concentrations of magnesium, ranging 
25 from 21,000 ppm (21,000 milligrams [mg]/L) in water from test hole H-06 to 82,000 ppm 
26 (82,000 mg/L) in water from test hole H-05, were present in most of the test wells in the eastern 
21 part of the WIPP site:::{IP?~tlil:::mH~fiq:::M@r~t~t1!l!!li~· Aquifer tests at these test holes were 
28 characterized by very low transmissivities. To the west, approaching the more developed part 
29 of the flow system of the Rustler/Salado contact residuum in Nash Draw, the magnesium 
30 concentrations decreased by one to two orders· of magnitude. Magnesium concentrations of 
31 1,200 ppm (1,200 mg/L) in water from test hole P-14 and 350 ppm (350 mg/L) in water from test 
32 hole P-15 may indicate the eastern boundary of the more developed Rustler/Salado flow system. 
33 Magnesium concentrations are as small as 430 ppm (430 mg/L) in water from test hole H-08; 
34 other values range from 910 ppm (910 mg/L) in water from test hole H-07 to 3,200 ppm 
35 (3,200 mg/L) in water from test hole WIPP-25. 
36 

37 According to Mercer (1983), water in the Rustler/Salado contact residuum contains the largest 
38 concentrations of dissolved solids in the WIPP area, ranging from 79,800 ppm (79,800 mg/L) in 
39 test hole H-07 to 480,000 ppm (480,000 mg/L) in test hole H-01. These waters are classified 
40 as brines. The dissolved mineral constituents in the brine largely consist of sulfates and 
41 chlorides of calcium, magnesium, sodium, and potassium; the major constituents are sodium and 
42 chloride. Concentrations of the other major ions vary according to the spatial location of the 
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sample and probably are directly related to the interaction of the brine and the host rocks and 
reflect residence time within the rocks. Residence time of the brine depends upon the 2 

transmissivity of the rock. For example, the presence of large concentrations of potassium and 3 

magnesium in water is correlated with minimal permeability and a relatively undeveloped flow 4 

system. 5 

D6-2a(5) Hydrology of the Rustler Formation 6 

The Rustler is of particular importance for the WIPP because it contains the most transmissive 1 

units above the repository. The Rustler is divided into four formally named members and an 8 

unnamed lower member. These five units are, in ascending order, the unnamed lower member 9 

(the oldest), the Culebra, the Tamarisk, the Magenta, and the Forty-niner member (the 10 

youngest). 11 

D6-2a(5)(a) The Unnamed Lower Member of the Rustler Formation 12 

The basal interval of the unnamed lower member is composed of siltstone, mudstone, and 13 

claystone and can be considered the water-producing zones of the lowermost Rustler. 14 

Transmissivities of 2. 7x10-4 ft2 per day (2.9x10-10 m2 per sec) and 2.2x10-4 ft2 per day (2.4x10-10 15 

m2 per sec) were calculated by Beauheim (1987, p. 50) from tests at well H-16 that included this 16 

interval. These transmissivity values correspond to hydraulic conductivities of 4.2x10"6 ft per day 11 

(1.5x10-11 m per sec) and 3.4x1 o.s ft per day (1.2x10·11 m per sec). Hydraulic conductivity in the 18 

lower portion of the unnamed lower member is believed by the DOE to increase to the west in 19 

and near the Nash Draw, where dissolution in the underlying Rustler/Salado contact zone has 20 

caused subsidence and fracturing of the sandstone and siltstone. 21 

The remainder of the unnamed lower member contains mudstones, anhydrite, and variable 22 

amounts of halite. The hydraulic conductivity of these lithologies is extremely low: tests of 23 

mudstones and claystones in the Waste Shaft gave hydraulic conductivity values ranging from 24 

2x10-9 ft per day (6x10·15 m per sec) to 3x1 o-s ft per day (1x10·13 m per sec) according to Saulnier 25 

and Avis (1988, p. 6-11). 26 

D6-2a(5)(b) The Culebra Member of the Rustler Formation 27 

The Culebra is modeled in the PA as the most likely pathway for the release of radionuclides to 28 

the accessible environment because of its relatively high transmissivity near the WIPP site, and 29 

hydrologic research activity has concentrated on the unit for over a decade. 30 

According to Mercer (1983), the transmissivity of the Culebra varies over six orders of magnitude 31 

from east to west in the vicinity of the WIPP (Figure D6-31 ). It ranges from 1x10-3 ft2 per day 32 

(1x10·9 m2 per sec) at well P-18 east of the WIPP site to 1x103 ft2 per day (1x10-3 m2 per sec) 33 

at well H-7 in the Nash Draw (see Figure D6-2 for the locations of these wells). 34 
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Measured matrix porosities of the Culebra range from 0.03 to 0.30. Fracture porosity values 
2 have not been measured directly, but interpreted values from tracer tests at the H-3, H-6, and 
3 H-11 hydropads range from 5x10-4 to 3x1 o-3

. Data are insufficient to map the spatial variability 
4 of the porosity. 
5 

6 Variations in transmissivity in the Culebra are believed by many experts to be controlled by the 
7 relative abundance of open fractures rather than by primary (i.e., depositional) features of the 
8 unit. Lateral variations in depositional environments were small within the mapped region, and 
9 primary features of the Culebra show little map-scale spatial variability according to Holt and 

10 Powers (1988). Direct measurements of the density of open fractures are not available from 
11 core samples because of incomplete recovery and fracturing during drilling, but comparisons with 
12 the relatively unfractured exposures in the WIPP shafts suggest that the density of open fractures 
13 in the Culebra decreases to the east. Qualitative correlations have been noted between 
14 transmissivity and several geologic features possibly related to open-fracture density, including 
15 f1) the distribution of overburden above the Culebra, f2) the distribution of halite in other 
16 members of the Rustler, f3) the dissolution of halite in the upper portion of the Salado, and {4) 
17 the distribution of gypsum fillings in fractures in the Culebra. 
18 

19 The distribution of groundwater hydrogeochemical facies is not consistent with the southward 
20 flow direction calculated by La Venue et al. in 1990 from potentiometric data, if one assumes that 
21 the ionic strength of a groundwater increases along a flow path. One possible model for the 
22 relationship between the facies distribution and the flow paths has been proposed by Chapman 
23 in 1986 and 1988, who coupled an extensive compilation of stable and radiogenic isotope ratios 
24 of Rustler groundwaters with isotopic data from regional groundwaters and surficial waters. 
25 Chapman cited evidence for short times of Culebra groundwaters and postulated that recharge 
26 from the surface could account for the less concentrated groundwaters south of the WIPP site. 
27 That explanation, however, is not supported by interpretations of isotopic and solute data 
28 presented by Lambert, Siegel, and others. 
29 

30 Specifically, radiogenic isotopic signatures suggest that the age of the groundwater in the 
31 Culebra is on the order of tens of thousands of years (see for example Lambert 1987; Lambert 
32 and Carter 1987; Lambert and Harvey 1987 in the bibliography). A conceptual model was put 
33 forth by Siegel et al. in 1991 who contend that there has been a change in the location and 
34 amount of recharge since the last glacial maximum and that the present distribution of solutes 
35 and isotopes in the Culebra is a relict of a flow regime of a wetter climate. The current 
36 distribution of hydrogeochemical facies, therefore, represents a rock-water system that is still 
37 slowly reaching a new chemical and physical equilibrium. However, a conceptual or calculational 
38 model of how paleoflow could have been toward the east has not been presented. 
39 

40 Currently the issue of the relationship between water chemistry and groundwater flow in the 
41 Culebra remains unresolved. It is possible that lack of resolution reflects the way the problem 
42 has been posed and the relatively simple conceptual models that have been used to represent 
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the hydrology of the system. Previous discussions, for example, have focused on flow directions 
but not flow rates. Computer models of flow in the Culebra suggest that flow rates are orders 2 

of magnitude slower in the region of the sodium chloride facies than in the region of the calcium 3 

sulfate facies. It is possible that the geochemical signature of flow from the sodium chloride 4 

facies to the calcium sulfate facies is not observed because only minute amounts of water flow 5 

along this path. In addition, some of the previous studies have not considered, or have not ruled 6 

out, transport of solutes from units above and below the Culebra. For example, the region of 1 

the sodium chloride facies correlates well with the extent of halite in strata above and below the 8 

Culebra. The possibility that the Sodium Chloride (NaCl) facies results from vertical advective 9 

or diffusive transport into a region of extremely slow flow in the Culebra has not been 10 

investigated. Preliminary results of calculations using the groundwater basin approach suggest 11 

that addressing these issues as a three-dimensional transport system will facilitate resolution. 12 

D6-2a(5)(c) The Tamarisk Member of the Rustler Formation 13 

Attempts were made in two wells, H-14 and H-16, to test a 7.9-ft (2.4-m) sequence of the 14 

Tamarisk that consists of claystone, mudstone, and siltstone overlain and underlain by anhydrite. 15 

Permeability was too low to measure in either well within the time allowed for testing; 15 

consequently, Beauheim in 1987b estimated the transmissivity of the claystone sequence to be 11 

one or more orders of magnitude less than that of the tested interval in the unnamed lower 18 

member. Transmissivity in the Tamarisk was estimated to be less than approximately 2.5x10-5 ft2 19 

per day (2.7x10-11 m2 per sec}, corresponding to a hydraulic conductivity of less than 20 

approximately 1.3x10-6 m2 per day (1.4x10-12 m per sec). 21 

D6-2a(5)(d) The Magenta Member of the Rustler Formation 22 

The Magenta of the Rustler is a fine-grained dolomite that ranges in thickness from 13 to 26 ft 23 

(4 to 8 m) and is about 19 ft (6 m) thick at the WIPP. The Magenta is saturated except near 24 

outcrops along the Nash Draw, and hydraulic data are available from 15 wells. According to 25 

Mercer (1983), transmissivity ranges over five orders of magnitude from 1x10-3 to 4x102 tt2 per 25 

day (1x10-9 to 4x10-4 m2 per sec). 21 

The hydraulic transmissivities of the Magenta, based on sparse data, show a decrease in 28 

conductivity from west to east, with slight indentations of the contours north and south of the 29 

WIPP that correspond to the topographic expression of the Nash Draw. In most locations, the 30 

hydraulic conductivity of the Magenta is 4111 to ~Jli orders of magnitude less than that of the 31 

Culebra. 32 

No porosity measurements have been made on the Magenta. Beauheim (1987, pp. 111, 115) 33 

assumed a porosity representative of dolomite of 0.20 for the interpretations of well tests. The 34 

hydrologic gradient across the site varies from 16 to 20 ft per mi (3 to 4 mper km) on the eastern 35 
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side, steepening to about 32 ft per mi (6 m per km) along the western side near the Nash Draw 
2 (Figure D6-32). 
3 

4 D6-2a(5)(e) The Forty-niner Member of the Rustler Formation 
5 

6 The uppermost member of the Rustler, the Forty-niner is about 66 ft (20 m) thick throughout the 
7 WIPP area and consists of low-permeability anhydrite and siltstone. Tests by Beauheim (1987) 
8 in H-14 and H-16 yielded transmissivities of about 3x10-2 to 7x10-2 ft2 per day (3x10-8 to 8x10-8 m2 

9 per sec) and 5x10-3 to 6x10·3 ft2 per day (Sx10·9 to 6x10-9 m2 per sec), respectively. 
10 

11 D6-2a(6) Hydrology of the Supra-Rustler Rocks (the Dewey Lake and the Santa Rosa) 
12 

13 The supra-Rustler rocks, consisting of (in ascending order) the Dewey Lake and the Santa Rosa, 
14 are comprised of a confining siltstone bed, water-bearing sandstone, and a confining mudstone 
15 bed (respectively). The Dewey Lake may retard downward percolation of surface waters, while 
16 the Santa Rosa provides water for irrigation and livestock. 
17 

18 D6-2a(6)(a) The Dewey Lake 
19 

20 Hydrologic properties of the Dewey Lake are characterized based on only a few measurements 
21 compared to the more extensive data set available for members of the Rustler. As a result, the 
22 spatial distribution of saturated conditions is not well known. The average hydraulic conductivity 
23 of the Dewey Lake, assuming saturation, is estimated to be 3x10-3 ft per day (1 o-s mper sec), 
24 corresponding to the hydraulic conductivity of fine-grained sandstone and siltstone. Hydraulic 
25 properties are somewhat variable, as relatively high water production from a fractured zone (as 
26 observed during a downhole video survey) within the WIPP site boundary was recently observed 
27 at Water Quality Sampling Program (WQSP)-6A. However, in the vicinity of the WIPP shafts, 
28 the Dewey Lake is not saturated, has not produced water, and does not appear to contain open 
29 fractures. Several wells operated by the J.C. Mills Ranch south of the WIPP produce sufficient 
30 quantities of water from the Dewey Lake to supply livestock. 
31 

32 D6-2a(6)(b) The Santa Rosa Formation 
33 

34 The Santa Rosa is about 140 to 300 ft (43 to 91 m) thick and is present over the eastern half 
35 of the WIPP site. It dips gently westward, except in local areas of collapse, and crops out 
36 northeast of the Nash Draw. As a water-bearing unit, the Santa Rosa near the WIPP site has 
37 a saturated thickness of only from 1 to 2 ft (0.3 to 0.61 m) and occurs in lenses that are very 
38 limited in extent. It has a porosity of about 13 percent and a specific capacity of 0.14 to 0.20 gal. 
39 per minute per ft (0.029-0.041 L per sec per m) of drawdown. Lows in the potentiometric 
40 surface near the Eddy/Lea County line and the San Simon Swale suggest discharge from the 
41 Santa Rosa into underlying rocks, possibly through collapse zones, and a possibility of a 
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groundwater divide (at a surface ridge) between the site and San Simon Swale. In general, 
groundwater flows south and is of better quality than that found in the Rustler. 2 

It is not known at this time what quantities of water, if any, discharge from the Santa Rosa to the 3 

shallow aquifers along the Pecos River. The groundwater gradient in adjacent Texas along the 4 

Pecos River is influenced by a large-scale withdrawal of groundwater, resulting in a net loss of 5 

groundwater storage. The declines in water levels in Texas have created sizable cones of 6 

depression along the river and gradients toward the river. The Santa Rosa aquifer in southwest 1 

Texas adjacent to the New Mexico border is not downgradient from the WIPP site. Several 8 

reasons for believing that Santa Rosa waters at the WIPP site flow into the Pecos River rather 9 

than to the south into Texas are the configuration of the potentiometric head map, the influence 10 

of extensive pumping, and a topographic groundwater divide east of the WIPP site. 11 

Groundwaters pumped from the Santa Rosa and alluvium deposits are used extensively for 12 

irrigation and livestock. 13 

D6-2a(7) Groundwater Elevation Measurements in 1991 14 

Groundwater levels have been measured monthly in some units in the vicinity of the WIPP site 15 

for several years. These levels can be used to determine the longer term trends in water-level 16 

changes, either natural or in response to human activities in the region. The groundwater-level 11 

data indicate that there is a gradual trend of rising water-level elevations within the Culebra in 18 

recent years. Of the surveillance locations, 39 of the 46 showed some increase in water-level 19 

elevations within the Culebra during the past few years. Two anomalous occurrences were 20 

noted in the data for 1991. The first was a net loss of 8.64 ft (2.62 m) of groundwater-level 21 

elevation at the Cabin Baby (CB)-1 well site from January through December 1991, and the 22 

second was a gain of 24.77 ft (7.51 m) of groundwater-level elevation at well P-18 (Figure 06-2). 23 

The two wells are located within 5 mi (8.3 km) of each other. The suspected cause of the loss 24 

of water-level elevation at CB is the failure of a bridge plug located between the Culebra and the 25 

portion of the hole open to the Salado and the Castile. The anomalous water-level elevation 26 

increase at P-18 is gradually decreasing from year to year. In 1988, the water level in well P-18 21 

increased approximately 45 ft (14 m), whereas the increase was approximately 33 and 25 ft (10 28 

and 7.6 m), respectively, in 1990 and 1991. The smaller increase from year to year indicates 29 

that P-18 is trending toward an equilibrium state; however, the magnitude of elevation gains 30 

indicates that years may pass before equilibrium is achieved. 31 

Freshwater head distribution in the Culebra indicates that the generalized directional flow of 32 

groundwater is north to south. However, caution should be used when making assumptions 33 

based on groundwater-level data alone. Recent studies in the Culebra have shown that fluid 34 

density variations in the Culebra can affect flow direction. One should also be aware that the 35 

fractured media of the Culebra, coupled with variable fluid densities, can cause localized flow 36 

patterns to have little or no relationship to general flow patterns. 37 
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Measurements at 11 surveillance locations in the Magenta also indicated an upward trend in 
2 water-level elevations. No anomalous losses or gains were noted within the Magenta. Seven 
3 of eleven~!!1i! Magenta surveillance locations show a gain in the elevation of groundwater levels 
4 from January to December 1991. Four wells showed lower groundwater-level elevations in 
5 December than in January 1991. All of the four surveillance locations that indicated a loss of 
6 head elevation from January to December were wells that are pumped routinely as part of the 
1 WQSP. These locations are H-03b1, H-04c, H-05c, and H-06c. Recovery from these pumping 
8 events may have influenced the water-level data collected at these locations. 
9 

10 When groundwater elevations taken in 1991 are compared to potentiometric elevation maps 
11 produced by Mercer (1983), groundwater elevations appear to be below 1983 levels. The 1983 
12 study was performed prior to the onset of the large-scale hydrologic activities that took place in 
13 the vicinity of the WIPP site to support site characterization and other hydrologically oriented 
14 activities during the mid to late 1980s. Since the end of the 1980s, only modest amounts of 
15 groundwater have been removed from these formations. The possibility exists that the 
16 increasing groundwater elevations observed in 1991 and subsequent years represent a natural 
11 trend for the recovery of the formations to groundwater elevations near those of the 1983 
18 potentiometric elevations. 
19 

20 D6-2b Surface-Water Hydrology 
21 

22 The WIPP site is in the Pecos River basin, which contains about 50 percent of the drainage area 
23 of the Rio Grande Water Resources Region. The Pecos River headwaters are west of Las 
24 Vegas, New Mexico, and the river flows to the south through eastern New Mexico and western 
25 Texas to the Rio Grande. The Pecos River has an overall length of about 500 mi (805 km), a 
26 maximum basin width of about 130 mi (209 km), and a total drainage area of about 44,535 mi2 

21 (115,301 km2
) (about 20,500 mi2 [53,075 mi2] contained within the basin have no external surface 

28 drainage and their surface waters do not contribute to Pecos River flows). Figure D6-33 shows 
29 the Pecos River drainage area. 
30 

31 The Pecos River is generally perennial, except in the reach below Anton Chico and between Fort 
32 Sumner and Roswell, where the low flows percolate into the stream bed. The main stem of the 
33 Pecos River and its major tributaries have low flows, and the streams are frequently dry. About 
34 75 percent of the total annual precipitation and 60 percent of the annual flow result from intense 
35 local thunderstorms between April and September. The principal tributaries of the Pecos River 
36 in New Mexico, in downstream order, are the Gallinas River, Salt Creek, the Rio Hondo, the Rio 
37 Felix, the Eagle Creek, the Rio Periasco, the Black River, and the Delaware River. 
38 

39 There are no perennial streams at the WIPP site. At its nearest point, the Pecos River is about 
40 12 mi (19 km) southwest of the WIPP site boundary. The drainage area of the Pecos River at 
41 this location is 19,000 mi2 (47,500 km2

). A few small creeks and draws are the only westward-
42 flowing tributaries of the Pecos River within 20 mi (32 km) north or south of the site. A low-flow 
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investigation has been initiated by the USGS within the Hill Tank Draw drainage area, the most 
prominent drainage feature near the WIPP site. The drainage area is about 4 mi2 (1 O km2

) with 2 

an average channel slope of 1 to 100, and drainage westward into the Nash Draw. Two years 3 

of observations showed only four flow events. The USGS estimates that the flow rate for these 4 

events was under 2 cubic ft (ft3
) per sec (0.057 cubic meters [m3

] per sec). The Black River 5 

(drainage area: 400 mi2 [1,035 km2
]) joins the Pecos from the west about 16 mi (25 km) 6 

southwest of the site. The Delaware River (drainage area: 700 mi2 [1,812 km2
] and a number 7 

of small creeks and draws also join the Pecos River along this reach. The flow in the Pecos 8 

River below Fort Sumner is regulated by storage in Sumner Lake, Brantley Reservoir, Lake 9 

Avalon, and several other smaller irrigation dams. 10 

Four major reservoirs are located in the Pecos River basin: Sumner Lake, Brantley Reservoir, 11 

Lake Avalon, and Red Bluff Reservoir, the last located just over the border in Texas 12 

(Figure D6-33). The storage capacities of these reservoirs and other Pecos River reservoirs 13 

adjacent to the Pecos River basin are shown in Table D6-3. 14 

With regards to surface drainage onto and off of the WIPP site, there are no major lakes or 15 

ponds within -1-Q§ mi (~ km) of the center of the site. The Laguna Gatulia, Laguna Tonto, 16 

Laguna Plata, and Laguna Teston are playas more than 10 mi (16 km) north of the site and are 11 

at elevations of 3,450 ft (1050 m) or higher. Thus, surface runoff from the site (elevation 3,310 ft 18 

[101 Om] above sea level) would not flow toward any of them. To the north, west, and northwest, b 

Red Lake, Lindsey Lake, the Laguna Grande de la Sal, and a few unnamed stock tanks are 20 

more than 1 O mi (16 km) from the site, at elevations of from 3,000 to 3,300 ft (914 to 1,006 m). 21 

The mean annual precipitation in the region is about 12 in. (0.3 m), and the mean annual runoff 22 

is 0.1 to 0.2 in. (2.5 to 5 mm). The maximum recorded 24-hour precipitation at Carlsbad was 23 

5.12 in. (130 mm) in August 1916. The predicted maximum 6-hour, 100-year precipitation event 24 

for the site is 3.6 in. (91 mm) and is most likely to occur during the summer. 25 

The maximum recorded flood on the Pecos River occurred near the town of Malaga, New 25 

Mexico, on August 23, 1966, with a discharge of 120,000 ft3 (3,396 m3
) per sec and a stage 21 

elevation of about 2,938 ft (895 m) above mean sea level. The minimum surface elevation of 28 

the WIPP site is over 500 ft (152 m) above the river bed and over 400 ft (122 m) above the 29 

elevation of this maximum historical flood elevation (DOE, 1980, §7.4.1 ). 30 

More than 90 percent of the mean annual precipitation at the site is lost by evapotranspiration. 31 

On a mean monthly basis, evapotranspiration at the site greatly exceeds the available rainfall; 32 

however, intense local thunderstorms may produce runoff and percolation. 33 

Water quality in the Pecos River basin is affected by mineral pollution from natural sources and 34 

from irrigation return flows. At Santa Rosa, New Mexico, the average suspended-sediment 35 

discharge of the river is about 1,650 tons (1,819 metric tons [1,000 kg]) per day. Large amounts 36 

AU5-95NJP/WIPPPARTB/REV5CR:APD6 D6-57 01/12196 12:53pm 



WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

1 of chlorides from Salt Creek and Bitter Creek enter the river near Roswell. River inflow in the 
2 Hagerman area contributes increased amounts of calcium, magnesium, and sulfate; and waters 
3 entering the river near Lake Arthur are high in chloride. Below Brantley Reservoir, springs 
4 flowing into the river are usually submerged and difficult to sample; springs that could be 
5 sampled had TOS concentrations of from 3,350 to 4,000 ppm (3,350 to 4,000 mg/L). 
6 Concentrated brine entering at Malaga Bend adds an estimated 70 tons per day of chloride to 
7 the Pecos River. 
8 

9 06-2c Groundwater Discharge and Recharge 
10 

11 The only documented points of naturally occurring groundwater discharge in the vicinity of the 
12 WIPP are the saline lakes in the Nash Draw and the Pecos River, primarily near Malaga Bend. 
13 Although this is local flow associated with the Nash Draw and unrelated to groundwater flow at 
14 the WIPP site, it is presented here for completeness. Discharge into one of the lakes from 
15 Surprise Spring (see Figure D6-1) was measured by Hunter in 1985 at a rate of less than 0.35 ft3 

15 (0.01 m3
) per sec in 1942. Hunter also estimated total groundwater discharge into the lakes is 

17 24 ft3 (0.67 m3
) per sec. According to Mercer (1983) discharge from the spring comes from 

18 fractured and more transmissive portions of the Tamarisk of the Rustler, and the lakes are 
19 hydraulically isolated from the Culebra and lower units. 
20 

21 Groundwater discharge into the Pecos River is greater than discharge into the saline lakes. 
22 Groundwater discharge into the Pecos River between Avalon Dam north of Carlsbad and a point 
23 south of Malaga Bend was no more than approximately 32.5 ft3 (0.92 m3

) per sec . Most of this 
24 gain in stream flow occurs near Malaga Bend (see Figure 06-1) and is the result of groundwater 
25 discharge from the residuum at the Rustler/Salado contact zone. 
26 

27 The only documented point of groundwater recharge is also near Malaga Bend, where an almost 
28 immediate water-level rise has been reported by Hale et al. in 1954 in a Rustler-Salado well 
29 following a heavy rainstorm. This location is hydraulically downgradient from the repository, and 
30 recharge here has little relevance to flow near the WIPP. Examination of the potentiometric 
31 surface map for the Rustler/Salado contact zone indicates that some inflow may occur north of 
32 the WIPP, where freshwater equivalent heads are highest. Additional inflow to the contact zone 
33 may occur as leakage from overlying units, particularly where the units are close to the surface 
34 and under water-table conditions. 
35 

36 No direct evidence exists for the location of either recharge to or discharge from the Culebra. 
37 The freshwater-head surface map (Figure 06-34) implies inflow from the north and outflow to the 
38 south. Recharge from the surface probably occurs 9 to 19 mi (15 to 30 km) northwest of the 
39 WIPP in and north of Clayton Basin where the Rustler crops out. An undetermined amount of 
40 inflow may also occur as leakage from overlying units throughout the region. 
41 
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The freshwater-head contour map (Figure D6-34) indicates that flow in the Culebra is toward the 
south. Some of this southerly flow may enter the Rustler/Salado contact zone under water table 2 

conditions near Malaga Bend and may ultimately discharge into the Pecos River. Additional flow 3 

may discharge directly into the Pecos River or into alluvium in the Balmorhea/Loving Trough to 4 

the south. 5 

Recharge to the Magenta may also occur north of the WIPP in Bear Grass Draw and Clayton 6 

Basin. The potentiometric surface map indicates that discharge is toward the west in the vicinity 7 

of the WIPP, probably into the Tamarisk and the Culebra near the Nash Draw. Some discharge 8 

from the Magenta may ultimately reach the saline lakes in the Nash Draw. According to Brinster 9 

in 1991, additional discharge probably reaches the Pecos River at Malaga Bend or the alluvium 10 

in the Balmorhea/Loving Trough. 11 

Isotopic data from groundwater samples suggest that groundwater travel time from the surface 12 

to the Dewey Lake and the Rustler is long and rates of flow are extremely slow. Based on 13 

observations by Lambert and Harvey reported in 1987, low tritium levels in all WIPP-area 14 

samples indicate minimal contributions from the atmosphere since 1950. Lambert in 1987 15 

indicated four modeled radiocarbon ages from the Rustler and the Dewey Lake groundwater are 16 

between 12,000 and 16,000 years. The uranium isotope activity ratios observed require a 11 

conservative minimum residence time in the Culebra of several thousands of years and more 18 

probably reflect minimum ages of from 10,000 to 30,000 years. 19 

Potentiometric data from four wells support the conclusion that little infiltration from the surface 20 

reaches the transmissive units of the Rustler. Hydraulic head data are available for a claystone 21 

in the Forty-niner from wells DOE-2, H-3, H-4, H-5, and H-6. Beauheim, in 1987, compared 22 

these heads to heads in the surrounding Magenta wells and showed that flow between the units 23 

at all four wells may be upward. This observation offers no insight into the possibility of 24 

infiltration reaching the Forty-niner, but it rules out the possibility of infiltration reaching the 25 

Magenta or any deeper units at these locations. 26 

D6-2d Water Quality 27 

This section presents a discussion of the quality of groundwater and surface water in the WIPP 28 

araa. ~ 

D6-2d(1) Groundwater Quality 30 

Based on the major solute compositions described by Siegel et al. in 1991, four hydrochemical 31 

facies are delineated for the Culebra. 32 

Zone A. Sodium-chloride brine (approximately 3.0 molar) with magnesium/calcium (Mg/Ca) mole 33 

ratios between 1.2 and 2.0. Zone A water is found in the eastern third of the WIPP site. The 34 
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zone is roughly coincident with the region of low transmissivity described by LaVenue et al. in 
2 1988. On the western side of the zone, halite in the Rustler has been found only in the 
3 unnamed lower member. In the eastern portion of the zone, halite has been observed 
4 throughout the Rustler. 
5 

6 Zone B. A dilute calcium-sulfate-rich water (ionic strength <0.1 molar) occurs in the southern 
7 part of the site. The Mg/Ca mole ratios are uniformly low (0.0 to 0.5). This zone is coincident 
8 with a high-transmissivity region, and halite is not found in the Rustler in this zone. 
9 

10 Zone C. Waters of variable composition with low to moderate ionic strength (0.3 to 1.6 molar) 
11 occur in the western part of the WIPP site and along the eastern side of the Nash Draw. Mg/Ca 
12 mole ratios range from 0.5 to 1.2. This zone is coincident with a region of variable 
13 transmissivity. In the eastern part of this zone, halite is present in the lower member of the 
14 Rustler. Halite is not observed in the formation on the western side of the zone. The most 
15 sodium-chloride-rich water is found in the eastern edge of the zone, close to core locations 
15 where halite is observed in the Tamarisk. 
17 

18 Zone D. A fourth zone can be defined based on inferred contamination related to potash-refining 
19 operations in the area. Waters from these wells have anomalously high solute concentrations 
20 (3 to 6 molar) and potassium/sodium (K/Na) weight ratios (0.22) compared to waters from other 
21 zones (K/Na = 0.01 to 0.09). In the extreme southwestern part of this zone, the composition of 
22 the Culebra well water has changed over the course of a seven-year monitoring period. The 
23 Mg/Ca mole ratio at WIPP-29 is anomalously high, ranging from 10 to 30 during the monitoring 
24 period. 
25 

26 This zonation is consistent with that described by Ramey in 1985, who defined three zones. The 
21 fourth zone (D) was added by Siegel et al. in 1991 to account for the local potash contamination. 
28 Together, the variations in solutes and the distribution of halite in the Rustler exhibit a mutual 
29 interdependence. Concentrations of solutes are lowest where Rustler halite is less abundant, 
30 consistent with the hypothesis that solutes in Rustler groundwaters are derived locally by 
31 dissolution of minerals (e.g., halite, gypsum, and dolomite) in adjacent strata. 
32 

33 The TDS in the Magenta groundwater ranges in concentration from 5,460 to 270,000 mg/L. This 
34 water is considered saline to briny. The transmissivity in areas of lower TDS concentrations is 
35 very low, thus greatly decreasing its usability, and the Magenta is not considered as a water 
36 supply. In general, the chemistry of Magenta water is variable. Groundwater types range from 
37 a predominantly sodium-chloride type to a calcium-magnesium-sodium-sulfate-type chemistry. 
38 The water chemistry may indicate a general overall increase in TDS concentrations to the south 
39 and southwest, away from the WIPP site, and a potential change to a predominantly sodium-
40 chloride water in that area. 
41 
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In the WIPP area, the water quality of the Magenta is better than that of the Culebra. However, 
water from the Magenta is not used anywhere in the vicinity of the WIPP. 2 

06-2d(2) Surface-Water Quality 3 

The Pecos River is the nearest permanent water source to the WIPP site. Natural brine springs, 4 

representing outfalls of the brine aquifers in the Rustler, feed the Pecos River at Malaga Bend, 5 

12 mi (19 km) southwest of the site. This natural saline inflow adds approximately 70 tons of 6 

chloride per day to the Pecos River. Return flow from irrigated areas above Malaga Bend further 7 

contributes to the salinity. The concentrations of potassium, mercury, nickel, silver, selenium, 8 

zinc, lead, manganese, cadmium, and barium also show significant elevations at Malaga Bend 9 

but tend to decrease downstream. The metals presumably are rapidly adsorbed onto the river 10 

sediments. Natural levels of certain heavy metals in the Pecos River below Malaga Bend exceed 11 

the water quality standards of the World Health Organization, the U.S. Environmental Protection 12 

Agency, and the State of New Mexico. For example, the water quality standards specify a 13 

maximum level for lead is 50 parts per billion (ppb); however, levels of up to 400 ppb have been 14 

measured. 15 

As it flows into Texas south of Carlsbad, the Pecos River is a major source of dissolved salt in 
the west Texas portion of the Rio Grande Basin. Natural discharge of highly saline groundwater 
into the Pecos River in New Mexico keeps TOS levels in the water in and above the Red Bluff 
Reservoir very high. The TOS levels in this interval exceed 7 ,500 mg/L 50 percent of the time 
and, during low flows, can exceed 15,000 mg/L . Additional inflow from saline water-bearing 
aquifers below the Red Bluff Reservoir, irrigation return flows, and runoff from oil fields continues 
to degrade water quality between the reservoir and northern Pecos County in Texas. Annual 
discharge-weighted average TOS concentrations exceed 15,000 mg/L . Water use is varied in 
the southwest Texas portion of the Pecos River drainage basin. For the most part, water use 
is restricted to irrigation, mineral production and refining, and livestock watering. In many 
instances, surface-water supplies are supplemented by groundwaters that are being depleted 
and are increasing in salinity. 

06-3 Resources 

The topic of resources is used to broadly define both economic (mineral and nonmineral) and 
cultural resources associated with the WIPP site. These resources are important since they 
f 1) provide evidence of past uses of the area, and f2) indicate potential future use of the area 
with the possibility that such use could lead to disruption of the closed repository. Because of 
the depth of the disposal horizon, it is believed that only the mineral resources are of significance 
in predicting the long-term performance of the disposal system. However, the nonmineral and 
cultural resources are presented for completeness. 
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This section refers to the significance of specific natural resources that lie beneath the WIPP site. 
2 Resources are minerals or hydrocarbons that are potentially of economic value. Reserves are 
3 the portion of resources that are economic at today's market prices and with existing technology. 
4 

5 For hydrocarbons, proven reserves can be expected to be recovered from new wells on undrilled 
s acreage or from existing wells where a relatively major expenditure is required to establish 
7 production. Probable reserves refer to reserves of hydrocarbons suspected of existing in certain 
8 locations based on favorable engineering and/or geologic data. Possible reserves are based on 
9 conditions where limited engineering and/or geologic data support recoverable potential. 

10 

11 Mineral resource discussions are focused principally on hydrocarbons and potassium salts, both 
12 of which have long histories of development in the region and both of which could be disruptive 
13 to the disposal system. The information regarding the mineral resources concentrates on the 
14 following factors: 
15 

16 • Number, location, depth, and present state of development including penetrations 
17 through the disposal horizon 
18 

19 • Type of resource 
20 

21 

22 

23 

24 

• Accessibility, quality, and demand 

• Mineral ownership in the area. 

25 In addition to extractable resources, this section includes cultural and economic resources. 
26 These are focused on a description of past and present land uses unrelated to the development 
27 of minerals. The archaeological record supports the observation that changes on land use are 
28 principally associated with climate and the availability of forage for wild and domestic animals. 
29 In no case does it appear that past or present land use has had an impact on the subsurface 
30 beyond the development of shallow groundwater wells for watering livestock. 
31 

32 D6-3a Extractable Resources 
33 

34 The geologic studies of the WIPP site have included the investigation of potential natural 
35 resources to evaluate the impact of denying access to these resources and other consequences 
36 of their occurrence. This study was completed in support of the Final Environmental Impact 
37 Statement (FEIS) (DOE, 1980) to ensure knowledge of natural resources once the impacts of 
38 their denial was included in the decision-making process forthe WIPP. Of the natural resources 
39 expected to occur beneath the site, five are of practical concern: first, the two potassium salts 
40 sylvite and langbeinite, which occur in strata above the repository salt horizon, and second, the 
41 three hydrocarbons crude oil, natural gas, and distillate liquids associated with natural gas, which 
42 occur in strata below the repository horizon. Other mineral resources beneath the site are 
43 caliche, salt, gypsum, and lithium; enormous deposits of these minerals near the site and 
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elsewhere in the country are more than adequate (and more economically attractive) to meet 
future requirements for these materials. In 1995 the NMBMMR performed a reevaluation of the 
mineral resources at and within 1 mi (1.6 km) around the WIPP site. 

D6-3a(1) Potash Resources at the WIPP Site 

Throughout the Carlsbad Potash District, commercial quantities of potassium salts are restricted 
to the middle portion, locally called the McNutt Potash Member of the Salado. A total of 
11 horizons, or orebeds, have been recognized in the McNutt Potash Member. Horizon 
Number 1 is at the base, and Number 11 is at the top. The 11th ore zone is not mined. 

The USGS uses three established standard grades-low, lease, and high-to quantify the potash 
resources at the site. The USGS assumes that the "lease" and "high" grades comprise reserves 
because some lease-grade ore is mined in the Carlsbad Potash District. Most of the potash that 
is mined, however, is better typified by the high grade. Even the high-grade resources may not 
be reserves, howe'ler, if their properties make processing uneconomic. 

The 1995 study contains a comprehensive summary of all previous evaluations. 

Griswold (in NMBMMR, 1995, Chapter VII) used 40 existing boreholes drilled on and around the 
WIPP site to perform a reevaluation of potash resources. Holes were drilled using brine so that 
the dissolution of potassium salts was inhibited. The results of the chemical analyses of the ore
bearing intervals were adjusted to calculate the percentage equivalent as individual natural 
mineral species. Only the K20 (potassium oxide) percentages as either sylvite or langbeinite 
were used to compute ore reserves. The conclusion reached by Griswold is that only the 4th 
and 10th ore zones contain economic potash reserves. The quantities are summarized in 
Table D6-4. 

D6-3a(2) Hydrocarbon Resources at the WIPP Site 

In 197 4 the NMBMMR conducted a hydrocarbon resource study in southeastern New Mexico 
under contract to ORNL. The study included an area of 1,512 mi2 (3,914 km2

). At the time of 
that study, the proposed repository site was about 5 mi (8 km) northeast of the current site. The 
NMBMMR evaluation included a more detailed study of a four-township area centered on the old 
site; the present site is in the southwest quadrant of that area. The NMBMMR hydrocarbon 
resources study is presented in more detail in the FEIS (DOE, 1980, §9.2.3.5). The reader is 
referred to the FEIS or the original study (Foster, 1974) for additional information. 

The resource evaluation was based both on the known reserves of crude oil and natural gas in 
the region and on the probability of discovering new reservoirs in areas where past unsuccessful 
drilling was either too widely spread or too shallow to have allowed discovery. All potentially 
productive zones were considered in the evaluation; therefore, the findings may be used for 
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determining the total hydrocarbon resources at the site. A fundamental assumption in this study 
2 was that the WIPP area has the same potential for containing hydrocarbons as the much larger 
3 region in which the study was conducted and for which exploration data are available. Whether 
4 such resources actually exist can be satisfactorily established only by drilling at spacings close 
5 enough to give a high probability of discovery. A 1995 mineral resource reevaluation by the 
6 NMBMMR contains a comprehensive summary of this and other previous evaluations. 
7 

8 Broadhead et al. (NMBMMR, 1995, Chapter XI) provided a reassessment of hydrocarbon 
9 resources within the WIPP site boundary and within the first mile adjacent to the boundary. 

10 Calculations were made for resources that are extensions of known, currently productive oil and 
11 gas resources that are thought to extend beneath the study area with reasonable certainty 
12 (called probable resources in the report). Qualitative estimates are also made concerning the 
13 likelihood that oil and gas may be present in undiscovered pools and fields in the area (referred 
14 to as possible resources). Possible resources were not quantified in the study. The results of 
15 the study are shown in Tables 06-5 and 06-6. 
16 

11 D6-3b Cultural and Economic Resources 
18 

19 D6-3b(1) Demographics 
20 

21 The WIPP facility is located 26 mi (42 km) east of Carlsbad in Eddy County in southeastern New 
22 Mexico and includes an area of 10,240 acres (ac) (4, 143 hectares [ha]). The facility is located 
23 in a sparsely populated area with fewer than 30 permanent residents living within a 10-mi 
24 (16-km) radius of the facility. The area surrounding the facility is used primarily for grazing, 
25 potash mining, and hydrocarbon production. No resource development that would affect WIPP 
26 facility operations or the long-term integrity of the facility is allowed within the 10,240 ac 
21 (4, 143 ha) that have been set aside for the WIPP Project. 
28 

29 The community nearest to the WIPP site is the town of Loving, New Mexico, 18 mi (29 km) west-
30 southwest of the site center. The population of Loving decreased from 1, 355 in 1980 to 1,243 in 
31 1990. The nearest population center is the city of Carlsbad, New Mexico, 26 mi (42 km) west 
32 of the site. The population of Carlsbad has decreased from 25,496 in 1980 to 24,896 in 1990. 
33 Hobbs, New Mexico, 36 mi (58 km) to the east of the site had a 1980 population of 29, 153 and 
34 a 1990 population of 29, 115. Eunice, New Mexico, 40 mi (64 km) east of the site, had a 1980 
35 population of 2,970 and a 1990 population of 2,731. Jal, New Mexico, 45 mi (72 km) southeast 
36 of the site, had a population of 2,575 in 1980 and of 2, 153 in 1990. 
37 

38 The WIPP site is located in Eddy County near the border to Lea County, New Mexico. The Eddy 
39 County population increased from 4 7 ,855 in 1980 to 48,605 in 1990. The Lea County population 
40 decreased from 55,993 in 1980 to 55, 765 in 1990. 
41 

42 

ALJ5-95rNPNVIPPPARTB/REV5CR:APD6 06-64 01/12/96 12:57pm 



D6-3b(2) Land Use 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

At present, land within 10 mi (16 km) of the site is used for potash mining operations, active oil 2 

and gas wells, and grazing. This pattern is expected to change little in the future. 3 

The WIPP Land Withdrawal Act of 1992 (LWA) provided for the transfer of the WIPP site lands 4 

from the Department of the Interior to the DOE and effectively withdraws the lands, subject to 5 

existing rights, from entry, sale, or disposition; appropriation under mining laws; and operation 6 

of the mineral and geothermal leasing laws. The LWA directed the Secretary of Energy to 7 

produce a management plan to provide for grazing, hunting and trapping, wildlife habitat, mining, 8 

and the disposal of salt tailings. 9 

There are no producing hydrocarbon wells within the volumetric boundary defined by the land 10 

withdrawal (T22S, R31E, S15-22, 27-34). One active well, referred to as James Ranch 13, was 11 

drilled in 1982 to tap gas resources beneath Section 31. This well was initiated in Section 6, 12 

outside the WIPP site boundary. The well enters Section 31 below a depth of 6,000 ft (1.82 km) 13 

beneath ground level. 14 

Grazing leases have been issued for all land sections immediately surrounding the WIPP facility. 15 

Grazing within the WIPP site lands operates within the authorization of the Taylor Grazing Act 16 

of 1934, the Federal Land Policy and Management Act, the Public Rangelands Improvement Act 17 

of 1978, and the Bankhead-Jones Farm Tenant Act of 1973. The responsibilities of the DOE 18 

include supervision of ancillary activities associated with grazing (e.g., wildlife access to livestock 19 

water development); tracking of water developments inside WIPP lands to ensure that they are 20 

configured according to the regulatory requirements; and ongoing coordination with respective 21 

allottees. Administration of grazing rights is in cooperation with the Bureau of Land Management 22 

(BLM) according to the Memorandum of Understanding and the coinciding Statement of Work 23 

through guidance established in the East Roswell Grazing Environmental Impact Statement. The 24 

WIPP site is composed of two grazing allotments administered by the BLM: the Livingston Ridge 25 

(No. 77027) and the Antelope Ridge (No. 77032). 26 

D6-3b(3) History and Archaeology 27 

The WIPP site boundary consists of a 10,240-ac (16-m2
) area located in southeastern New 28 

Mexico. From about 10,000 s.c. to the late 1800s, this region was inhabited by nomadic 29 

aboriginal hunters and gatherers who subsisted on various wild plants and animals. From about 30 

A.O. 600 onward, as trade networks were established with Puebloan peoples to the west, 31 

domesticated plant foods and materials were acquired in exchange for dried meat, hides, and 32 

other products from the Pecos Valley and Plains. In the mid-1500s, the Spanish Conquistadors 33 

encountered Jumano and Apachean peoples in the region practicing hunting and gathering and 34 

engaging in trade with Puebloans. After the Jumanos abandoned the southern Plains region, 35 

the Comanches became the major population of the area. Neighboring populations, with whom 36 
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the Comanches maintained relationships ranging from mutual trade to open warfare, included 
2 the Lipan, or Southern Plains Apache; several Puebloan groups; Spaniards; and the Mescalero 
3 Apaches. 
4 

5 The best documented indigenous culture in the WIPP region is that of the Mescalaro Apaches, 
6 who lived west of the Pecos. The lifestyle of the Mescalaro Apaches represents a transition 
1 between the full sedentism of the Pueblos and the nomadic hunting and gathering of the 
8 Jumanos and the Sumas. In 1763 the San Saba expedition encountered and camped with a 
9 group of Mescaleros in Los Medanos. Expedition records indicate the presence of both Lipan 

10 and Mescalero Apaches in the region. 
11 

12 A peace accord reached between the Comanches and the Spaniards in 1768 resulted in two 
13 historically important economic developments: f 1) organized buffalo hunting by Hispanic and 
14 Puebloan "ciboleros," and f2) renewal and expansion of the earlier extensive trade networks by 
15 Comancheros. These events placed eastern New Mexico in a position to receive a wide array 
15 of both physical and ideological input from the Plains culture area to the east and north and from 
11 Spanish-dominated regions to the west and south. Comanchero trade began to mesh with the 
18 Southwest American trade influence in the early nineteenth century. However, by the late 1860s 
19 the importance of Comanchero trade was cut short by Texan influence. 
20 

21 The first cattle trail in the area was established along the Pecos River in 1866 by Charles 
22 Goodnight and Oliver Loving. By 1868, Texan John Chisolm dominated much of the area by 
23 controlling key springs along the river. Overgrazing, drought, and dropping beef prices led to 
24 the demise of open range cattle ranching by the late 1880s. 
25 

25 Following the demise of open-range livestock production, ranching developed using fenced 
21 grazing areas and production of hay crops for winter use. Herd-grazing patterns were influenced 
28 by the availability of water supplies as well as by the storage of summer grasses as hay for 
29 winter use. 
30 

31 The town now called Carlsbad was founded as "Eddy" in 1889 as a health spa. In addition to 
32 ranching, the twentieth century brought the development of the potash, oil, and gas industries 
33 that have increased the population eightfold in the last 50 years. 
34 

35 Although technological change has altered some of the aspects, ranching remains an important 
35 economic activity in the WIPP region. This relationship between people and the land is still an 
37 important issue in the area. Ranch-related sites that date to the 1940s and 1950s are common 
38 in parts of the WIPP area. These will be considered historical properties within the next several 
39 years and thus will be treated as such under current law. 
40 

41 The National Historic Preservation Act (NHPA) (16 USC 470 et seq.) was enacted to protect the 
42 nation's cultural resources in conjunction with the states, local governments, Indian tribes, and 
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private organizations and individuals. The policy of the federal government includes: 1 

f 1) providing leadership in preserving the prehistoric and historic resources of the nation; f2) 2 

administering federally owned, administered, or controlled prehistoric resources for the benefit 3 

of present and future generations; f3) contributing to the preservation of nonfederally owned 4 

prehistoric and historic resources; and (4) assisting state and local governments and the national 5 

trust for historic preservation in expanding and accelerating their historic preservation programs 6 

and activities. The act also established the National Register of Historic Places ("National 1 

Register''). At the state level, the State Historic Preservation Officer (SHPO) coordinates the 8 

state's participation in implementing the NHPA. The NHPA has been amended by two acts: the 9 

Archaeological and Historic Preservation Act (16 USC 469 et seq.), and the Archaeological 10 

Resource Protection Act (16 USC 470aa et seq.). 11 

In order to protect and preserve cultural resources found within the WIPP site boundary, the 12 

WIPP submitted a mitigation plan to the New Mexico SHPO describing the steps to be taken to 13 

either avoid or excavate archaeological sites. A "site" was defined as a place used and occupied 14 

by prehistoric people. In May 1980, the SHPO made a determination of "no adverse effect from 15 

WIPP facility activities" on cultural resources. The National Advisory Council on Historic 15 

Preservation concurred that the WIPP Mitigation Plan is appropriate to protect cultural resources. 11 

Known historical sites (more than 50 years old) in southeastern New Mexico consist primarily of 18 

early twentieth century homesteads that failed or isolated features from late nineteenth century 19 

and early twentieth century cattle or sheep ranching and military activities. To date, no Spanish 20 

or Mexican conquest or settlement sites have been identified. Historic components are rare but 21 

are occasionally noted in the WIPP area. These include features and debris related to ranching. 22 

Since 1976, cultural resource investigations have recorded 98 archaeological sites and numerous 23 

isolated artifacts within the 16-mi2 (41.5-km2
) area enclosed by the WIPP site boundary. In the 24 

central 4-mi2 (10.4-km2
) area, 33 sites were determined to be eligible for inclusion on the 25 

National Register as an archaeological district. Investigations since 1980 have recorded an 26 

additional 14 individual sites outside the central 4-mi2 (10.4-km2
) area that are considered eligible 21 

for inclusion on the National Register. The major cultural resource investigations to date are 28 

broken out in the following. Additional information can be found in the bibliography. 29 

1977 The first survey of the area was conducted in 1977 by Nielson of the Agency for 30 

Conservation Archaeology (ACA) for SNL. This survey resulted in the location of 31 

33 sites and 64 isolated artifacts. 32 

1979 Maclennan and Schermer of ACA performed the next survey in 1979. It was 33 

conducted for access roads and a railroad right-of-way for Bechtel, Inc. The survey 34 

encountered 2 sites and 12 isolated artifacts. 35 
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8 
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16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Schermer performed another survey in 1980 to relocate the sites originally recorded 
by Nielson. This survey redescribed 28 of the original 33 sites. 

Hicks directed the excavation of nine sites in the WIPP core-area in 1981. 

Bradley in 1985 recorded one site and four isolated artifacts in an archaeological 
survey for a proposed water pipeline. 

Lord and Reynolds examined three sites in 1985 within the WIPP core area. These 
sites consisted of two plant-collecting and processing sites and one base camp 
used between 1000 B.C. and A.O. 1400. The artifacts recovered from the 
excavations have been placed in the Laboratory of Anthropology at the Museum of 
New Mexico in Santa Fe. 

Mariah Associates, Inc., identified 40 sites and 75 isolates in 1987 in an inventory 
of 2,460 ac in 15 quarter-section units surrounding the WIPP site. In this 
investigation, 19 of the sites were located within the WIPP site's boundary. Sites 
encountered in this investigation tended to lack evident or intact features. Of the 
40 new sites defined, 14 were considered eligible for inclusion in the National 
Register, 24 were identified as having insufficient data to determine eligibility, and 
2 were determined to be ineligible for inclusion. The eligible and potentially eligible 
sites have been mapped and are being avoided by the DOE in its current activities 
at the WIPP site. Figure D6-35 maps out the 40 archaeological sites identified by 
the Mariah study. 

26 1988-1992 Several archaeological clearance reports have been prepared for seismic testing 
27 lines on public lands in Eddy County, New Mexico, during this period. 
28 

29 The Delaware Basin has been used in the past for an isolated nuclear test. This test, Project 
30 Gnome, took place in 1961 at a location approximately 8 mi (13 km) southwest of the WIPP. 
31 The primary objective of Project Gnome was to study the effects of an underground nuclear 
32 explosion in salt. The Gnome experiment involved the detonation of a 3.1-kiloton nuclear device 
33 at a depth of 1,200 ft (361 m) in the bedded salt of the Salado. The explosion created a cavity 
34 of approximately 1,000,000 ft3 (27,000 m3

), and caused surface displacements over an area of 
35 about a 1,200-ft (360-m) radius. Fracturing and faulting caused measurable changes in rock 
36 permeability and porosity at distances up to approximately 330 ft (100 m) from the cavity. No 
37 earth tremors were reported at distances over 25 mi (40 km) from the explosion. Project Gnome 
38 was decommissioned in 1979. 
39 
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Seismic data are presented in two time frames, before and after the time when seismographic 2 

data for the region became available. The earthquake record in southern New Mexico dates 3 

back only to 1923, and seismic instruments have been in place in the state since 1961. Various 4 

records have been examined to determine the seismic history of the area within 180 mi (288 km) 5 

of the site. With the exception of a weak shock in 1926 at Hope, New Mexico, and shocks in 6 

1936 and 1949 felt at Carlsbad, all known shocks before 1961 occurred to the west and 1 

southwest of the site more than 100 mi (160 km) away. 8 

The strongest earthquake on record within 180 mi (288 km) of the site was the Valentine, Texas, 9 

earthquake of August 16, 1931. It has been estimated to have been of magnitude 6.4 on the 10 

Richter scale (Modified Mercalli Intensity of VIII). The Valentine earthquake was 130 mi 11 

(208 km) south-southwest of the site. Its Modified Mercalli Intensity at the site is estimated to 12 

have been V; this is believed to be the highest intensity felt at the site in this century. 13 

In 1887, a major earthquake occurred in northeast Sonora, Mexico. Although about 335 mi 
(536 km) west-southwest of the site, it is indicative of the size of earthquakes possible in the 
eastern portion of the Basin and Range Province, west of the province containing the site. Its 
magnitude was estimated to have been 7.8 (VIII to IX in Modified Mercalli Intensity). It was felt 
over an area of 0.5 million mi2 (1.3 million km2

) (as far as Santa Fe to the north and Mexico City 
to the south); fault displacements near the epicenter were as large as 26 ft (18 m). 

Since 1961, instrumental coverage has become comprehensive enough to locate most of the 
moderately strong earthquakes (local magnitude >3.5) in the region. Instrumentally determined 
shocks that occurred within 180 mi (288 km) of the site between 1961 and 1979 are shown in 
Figure 06-36. The distribution of these earthquakes may be biased by the fact that seismic 
stations were more numerous and were in operation for longer periods north and west of the site. 

Except for the activity southeast of the site, the distribution of epicenters since 1961 differs little 
from that of shocks before that time. There are two clusters, one associated with the Rio Grande 
Rift on the Texas-Chihuahua border and another associated with the Central Basin Platform in 
Texas near the southeastern corner of New Mexico. The latter activity was not reported before 
1964. It is not clear from the record whether earthquakes were occurring in the Central Basin 
Platform before 1964, although local historical societies and newspapers tend to confirm their 
absence before that time. 

A station operating for 10 months at Fort Stockton, Texas, indicated many small shocks from the 
Central Basin Platform (§jl:]fil9.?lim~~M?ll Activity was observed at the time the station opened 
on June 21, 1964. This activity may be related to the injection of water underground for oil 
recovery. In the Ward-Estes North oilfield, operated by the Gulf Oil Corporation, the cumulative 
total of water injected up to 1970 was over 1 billion barrels. Accounting for 42 percent of the 
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water injected in Ward and Winkler counties, Texas, the quantity is three times the total injected 
2 in all the oil fields of southeastern New Mexico during the same period. Water injection has not 
3 been used in the region of the WIPP site to stimulate gas production. The nearest oil fields in 
4 the Delaware Basin, where secondary recovery might be attempted, are adjacent to the WIPP 

5 site boundary in the Delaware Formations. IBO!\§pyfg~)\jpfj~tJl~~!!§ro!§!ll~~]g§ffl.fijl§!pl::f~!ilYI! 
6 ~g!~~~~~1~m~s:]\1=!~~1n:=m~~~i:::9~j::~~n!~:~91?~!™i'=:''~!:!imJs1w' mQitBi!~~-:'8tJ1:::si9~~8 
7 

8 A recent earthquake felt at the WIPP site occurred in January 1992 and is referred to as the 
9 Rattlesnake Canyon Earthquake. 1 It occurred 60 mi (100 km) east-southeast of the WIPP site. 

10 The earthquake was assigned a magnitude of 5.0. This event had no effect on any of the 
11 structures at the WIPP as documented by post-event inspections by the WIPP staff and the New 
12 Mexico Environment Department. This event was within the parameters used to develop the 
13 seismic risk assessment of the WIPP facility for the purposes of construction and operation. 
14 

15 The Rattlesnake Canyon event likely was tectonic in origin based on a 7±1 mi (12±. 2 km) depth. 
15 This suggests some uncertainty regarding the origin of earthquakes associated with the Central 
17 Basin Platform. 
18 

19 D6-5 Rock Geochemistry 
20 

21 An understanding of the mineralogy/geochemistry of the host repository rock is considered 
22 critical to predicting the long-term waste isolation capability of the repository. Chemical 
23 composition of the different minerals and any impurities are important to understand and predict 
24 waste-rock compatibility of the Salado. This section emphasizes the following topics: 
25 

26 

27 

28 

29 

• Mineral content and composition 
• Fluid inclusions 
• Fracture fillings. 

30 The Salado is dominated by various evaporite salts; the dominant mineral is halite (NaCl) of 
31 varying purity and accessory minerals. The major accessory minerals are anhydrite (CaS04}, 

32 clays, polyhalite (K2MgCa2(S04) 4•2H20), and gypsum (CaS04•2H20). In the vicinity of the 
33 repository, authigenic quartz (Si02) and magnesite (MgC03} are also present as accessory 
34 minerals. The marker beds in the salt are described as anhydrite with seams of clay. The clays 
35 within the Salado are enriched in magnesium and depleted in aluminum. The magnesium 
36 enrichment probably reflects the intimate contact of the clays with brines derived from 
37 evaporating sea water, which are relatively high in magnesium. 
38 

39 1An earthquake occurred on April 13, 1995, near the town of Alpine, Texas. This earthquake has been 
40 assigned a local magnitude of M = 5.5. Details of the earthquake have not yet been published. The 
41 Alpine earthquake was felt at the WIPP site; however, no damage to WIPP facilities occurred as the 
42 result of this earthquake. 

AU5-95NVPMllPPPARTB/REV5CR:APD6 D6-70 01/12196 12:57pm 



WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

A partial list of minerals found in the Delaware Basin evaporites, together with their chemical 
formulas, is given in Table D6-7. The table also indicates the relative abundances of the 2 

minerals in the evaporite rocks of the Castile, the Salado, and the Rustler. Minerals found either 3 

only at depth, removed from influence of weathering, or only near the surface, as weathering 4 

products, are also identified. Although the most common Delaware Basin evaporite mineral is 5 

halite, the presence of less soluble interbeds (dominantly anhydrite, polyhalite, and claystone) 6 

and more soluble admixtures (e.g., sylvite, glauberite, and kainite) has resulted in chemical and 1 

physical properties significantly different from those of pure NaCl. In particular, the McNutt a 
Potash Member, between Marker Beds 116 and Marker Bed 126, is locally explored and mined g 

for K-bearing minerals of economic interest. Under differential stress, brittle interbeds (anhydrite, 10 

polyhalite, magnesite, and dolomite) may fracture while, under the same stress regime, pure 11 

NaCl would undergo plastic deformation. Fracturing of brittle interbeds, for example, has locally 12 

enhanced the permeability, allowing otherwise nonporous rock to carry groundwater (e.g., 13 

fractured dolomite beds in the Rustler). Some soluble minerals incorporated in the rock salt 14 

(e.g., polyhalite, sylvite, leonite, and langbeinite) can be radiometrically dateq, their longevity 15 

marking the time of most recent water-incursion into the evaporite section. The survival of such 16 

minerals is significant, in that such dating is impossible in pure NaCl or calcium sulfate. 11 

Liquids were collected from fluid inclusions and from seeps and boreholes within the WIPP drifts. 1s 
Analysis of these samples indicated that there is compositional variability of the fluids showing 19 

the effects of various phase transformations on brine composition. The fluid inclusions belong 20 

to a different chemical population than do the fluids emanating from the walls. It was concluded 21 

that much of the brine is completely immobilized within the salt and that the free liquid emanating 22 

from the walls is present as a fluid film along intergranular boundaries mainly in clays and in 23 

fractures in anhydrites. 24 
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TABLE 06-1 
CULEBRA THICKNESS DATA SETS 

Data Set Location 

Source T22S, R31E T21-23S, R30-32E 

n ave st dev n ave st dev 

Richey (1989) 7 7.5 m 1.04 m 115 7.9 m 1.45 m 

Holt and Powers 35 6.4 m 0.59 m 122 7.0 m 1.26 m 
(1988) 

LaVenue et al. 
(1988) 

WIPP Potash Drillholes 

Jones (1978) 

Holt and Powers 
(1988) 

Key: 
n = Number of boreholes or data points 
ave = Average or mean 
st dev = Standard deviation 

21 7.5 m 0.70 m 

21 6.3 m 0.50 m 

22 TABLE 06-2 

Entire Set 

n ave st dev 

633 7.7 m 1.65 m 

508 6.5 m 1.89 m 

78 7.7 m 

23 HYDROLOGIC CHARACTERISTICS OF ROCK UNITS AT THE WIPP SITE 
24 

25 
26 

27 

28 

29 

30 

31 

32 

33 
34 

35 

36 
37 
38 

Member Name 

Forty-niner 

Magenta 

Tamarisk 

Cu le bra 

Unnamed 

Rustler/ 
Salado 
Contact Zone 

m =meters 
mis = meters per second 
max = maximum 
min = minimum 

Thickness 
(m) 

max min 

20 

8 

84 

11.6 

36 

33 

AU5-95NVPMJIPPPARTB/REV5CR:APD6 

Hydraulic Conductivity 
(mis) Porosity 

max min max min 

- 5.ox10·9 5.ox10·10 - -
4 5.0x10-5 5.ox10·10 - -
8 - - - -
4 1x10-4 2x10-10 0.30 0.03 

- 1x10·11 6x10·15 - -
2.4 1x10-6 1x10·12 0.33 0.15 

. 
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CAPACITIES OF RESERVOIRS IN THE PECOS RIVER DRAINAGE 2 

Reservoir River 

Los Esteros Pecos 

Sumner Pecos 

Brantley Pecos 

Avalon Pecos 

Red Bluff Pecos 

Two Rivers Rio Hondo 

acapacity below the lowest uncontrolled outlet or spillway. 
bKey: 
FC = Flood control 
IR = Irrigation 
R = Recreation 

Total Storage 
Capacity0 

(acre-feet) 

282,000 

122, 100 

42,000 

5,000 

310,000 

167,900 

Useb 

FC 

IR, R 

IR, R, 
FC 

IR 

IR 

FC 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 

TABLE 06-4 15 

CURRENT ESTIMATES OF POTASH RESOURCES AT THE WIPP SITE 15 

Mining Unit Product 

4th Ore Zone Langbeinite 

10th Ore Zone Sylvite 

Source: NMBMMR, 1995, Chapter VII 

AU5-95rNPMllPPPARTB/REV5CR:APD6 

Recoverable Ore (106 tons) 

Within the WIPP site Outside the WIPP site 

40.5@ 6.99% 126.0 @ 7.30% 

52.3@ 13.99% 105.0@ 14.96% 

06-121 01/12196 1 :OOpm 
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TABLE D6-5 
IN-PLACE OIL WITHIN STUDY AREA 

Within WIPP site Outside WIPP site 
Formation (106 bbl) (106bbl) 

Delaware 10.33 20.8 

Bone Spring 0.44 0.8 

Strawn 0.4 0.4 

Atoka 1.1 0.1 

Total 12.3 22.9 

12 Source: NMBMMR 1995, Chapter XI. 
13 

14 

15 

16 

17 

18 
19 

20 

21 

22 

23 

24 
25 

TABLE D6-6 
IN-PLACE GAS WITHIN STUDY AREA 

Total 
(106 bbl) 

31.13 

1.25 

0.8 

0.2 

35.3 

Gas Reserves 

26 

27 

28 

29 

30 

31 

32 

Formation 

Delaware 

Bone Springs 

Strawn 

Atoka 

Morrow 

33 Source: NMBMMR, 1995, Chapter XI 
34 

AU5-95MIP/IN1PPPARTB/REV5CR:APD6 06-122 

Within WIPP Site Adjacent to WIPP 
Boundary (mcf) Site Boundary (mcf) 

18, 176 32,873 

956 1,749 

9,600 9,875 

123,336 94,410 

32,000 28,780 

01/12196 1:00pm 



WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TABLE DS-7 1 

CHEMICAL FORMULAS, DISTRIBUTIONS, AND RELATIVE 2 

ABUNDANCES OF MINERALS IN DELAWARE BASIN EVAPORITES 3 

Mineral Formula Occurrence/ Abundance 

Amesite (Mg4Al2)(Si~l2)010(0H)8 S,R 

Anhydrite CaS04 CCC,SSS,RRR; rarely near 
surface 

Calcite CaC03 S,RR 

Carnallite KMgCl3 • 6H20 SS** 

Chlorite (Mg,Al,Fe)dSi,Al)80 20(0H)16 S*,R* 

Corren site mixed-layer chlorite/smectite S*,R* 

Dolomite CaMg(C03h RR 

Feldspar (K,Na,Ca)(Si,A1)40 8 C*,S*,R* 

Glauberite Na2Ca(S04h C,S (never near surface) 

Gypsum CaS04 • 2H20 CCC (only near surface),S,RRR 

Halite NaCl CCC,SSS,RRR; rarely near 
surface) 

lllite K1_1_5Al4[Si7.s_5Al1_1_50 20](0H)4 S*,R* 

Kainite KMgCIS04 • 3Hp SS** 

Kieserite MgS04 HP SS** 

Langbeinite KiM92(S04h S*** 

Magnesite MgC03 C,S,R 

Polyhalite K2Ca2Mg(S04)4 • 2H20 SS,R (never near surface) 

Pyrite Fee2 C,S,R 

Quartz Si02 C*,S*,R* 

Serpentine Mg3Sip5(0H)4 S*,R* 

Smectite (Ca112,Na)0_7(Al,Mg,FeMSi,Al)a020 S*,R* 
(OH)4 nHp 

Sylvite KCI SS*** 

Key to Occurrence/Abundance notations: 
C =Castile Formation; S =Salado Formation; R =Rustler Formation 
3 letters = abundant; 2 letters = common; 1 letter = rare or accessory 
·- Potash-ore mineral (never near surface) 
** Potash-zone non-ore mineral (never near surface) 
* In claystone interbeds 
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2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 

YEARS 
MAJOR GEOLOGIC EVENTS 

ERA PERIOD EPOCH DURATION BEFORE SOUTHEAST NEW MEXICO REGION 
PRESENT 

Quaternary Holocene 10.000 Eolian and erosion/solution activity. Development of c present landscape. 
E Pleistocene 1,590.000 
N 
0 1.600.000 

z 
Pliocene 3,700.000 Deposition of Gatuna fan sediments. Formation of caliche 

0 caprock. 
I Regional uplift and east-southeastward tilting: c Miocene 18,400.000 

Basin-Range uplift of Sacramento and Guadalupe-Delaware 

Tertiary Oligocene 12,900.000 
Mountains. 

Eocene 21.200,000 
Erosion dominant No Early to Mid-Tertiary rocks present. 

L.aramide "revolution" Uplift of Rocky Mountains. Mid 
Paleocene 8,600.000 66,400,000 tectonism and igneous activity to west and north. 

M Cretaceous 77,600.00 
Submergence. Intermittent shallow seas. Thin limestone and 

E 
144,000,000 elastics deposited. 

s 
0 Jurassic 64,000,000 208,000,000 

Emergent conditions. Erosion, formation of rolling terrain. 
z 
0 Deposition of fluvial elastics. 
I 
c Triassic 37,000.000 245,000,000 Erosion. Broad flood plain develops. 

Permian 41,000,000 Deposition of evaporite sequence followed by continental 
redbeds. 

Sedimentation continuous in Delaware, Midland, Val Verde 
286,000,000 basins and shell areas. 

Pennsylvanian 34,000,000 Massive deposition of elastics. Shelf, margin, basin pattern of 

p 
320,000,000 deposition develops. 

A 
L Regional tectonic activity accelerates. folding up Central Basin 
E Mississippian 40,000.000 

platform. Matador arch, ancestral Rockies. 
0 
z Regional erosior:. Deep, broad basins to east and west of 

0 360,000,000 platform develop. 
I 
c Renewed submergence. 

Shallow sea retreats from New Mexico: erosion. 
Devonian 48.000.000 

Mild epeirogenic movements. Tobosa basin subsiding. 
Pedemal landmass and Texas Peninsula emergent until 

408,000,000 Middle Mississippian. 

Silurian 30,000,000 438.000.000 

Marathon-Ouachita geosyndine, to south, begins subsiding. 

Ordovician 67.000.000 
Deepening of Tobosa basin area: shelf deposition of elastics, 
derived partly from ancestral Central Basin platform and 

505,000,000 carbonates. 

Cambrian 65,000,000 570.000,000 Clastic sedimentation - Bliss sandstone. 

Erosion to a near1y level plain. 

PRECAMBRIAN Mountain building, igneous activity, metamorphism, erosional 
cycles. 

Figure 06-3 

Major Geologic Events - Southeast New Mexico Region 
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1.0 Scope 
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The purpose of this analysis is for the assessment of potential human exposure to waste 
emissions in the atmosphere, and a comparison of that potential exposure to acceptable 
regulatory levels. 20 NMAC 4.1, Subpart V, §264.601 requires such an assessment for disposal 
of hazardous waste in a miscellaneous unit. 

This assessment applies only to potential air emissions from waste containers during normal 
operations and the closure time period of the Waste Isolation Pilot Plant (WIPP) facility. After 
final facility closure of the repository, no credible pathway will exist for air emissions. Once 
sealed, the waste is confined by engineered barriers which prevent the release of waste 
constituents into the atmosphere. In this assessment only gaseous emissions will be considered 
as a source, since any particulate matter will be contained in the waste containers or panel 
closures and essentially no free liquids will be accepted for disposal. Of the gaseous 
constituents, the assessment is limited to volatile organic compounds (VOC), which comprise 
approximately 99 percent of the risk. 

2.0 Introduction 

This assessment contains an analysis of the potential for releases of hazardous constituents 
(VOCs) into the atmosphere, potential human receptors, and the human health effects that could 
result from exposure to those constituents. The potential for release, or source of emissions, is 
assessed from the physical and chemical properties of the waste, design and operation of the 
facility, and potential air pathways. The potential for human receptors is assessed to include an 
analysis of personnel working within the facility and members of the public living near the site 
boundary. The human health effects are assessed by calculating potential exposure 
concentrations and health risks from emissions and comparing concentrations to acceptable 
occupational levels and public health risks to acceptable risk levels. 

3.0 Potential for Releases 

3.1 Physical-Chemical Properties of the Wastes 

3.1.1 voe screening 

To reduce the number of voes carried through the analyses, the voes are screened using the 
concentration-toxicity screening technique (EPA 1989, p. 5-23). The VOCs in this reduced set 
are referred to as "indicator'' VOCs. These indicator VOCs represent approximately 99 percent 
of the risk due to air emissions. This screening methodology is described in detail in 
Appendix 013. 

The initial list of voes reported by DOE generator/storage sites and subject to the screening 
methodology were selected based on the following criteria: 

• the VOC is a listed solvent in 40 CFR Part 261, Subpart D, or 
• the VOC is a toxicity characteristic organic in 40 CFR Part 261, Subpart C, or 
• the VOC is a hazardous constituent listed in 40 CFR Part 261, Appendix VIII. 

The weighted average of measured headspace-gas concentrations (see Section 3.1.2 of this 
appendix) obtained from the sampling and analysis of wastes from the Idaho National Engineering 
Laboratory (INEL) and the Rocky Flats Environmental Technology Site (RFETS) were used to 
screen the initial list of voes. When no data existed or a VOC was undetected, a value of one-
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half the sample quantitation limit was used as the headspace concentration of that voe. These 
concentrations are assumed to remain constant throughout the 35-year WIPP facility 
operational/closure time frame. 

The voes selected for inclusion in the assessments contained in this appendix are listed in 
Table D9-1. 

Table 09-1. VOCs Selected for Inclusion in the Analyses 

Carcinogens 

Noncarcinogens 

3.1.2 Headspace concentrations of VOCs 

Carbon tetrachloride 
Chloroform 
1, 1-Dichloroethylene 
1,2-Dichloroethane 
Methylene chloride 
1, 1,2,2-Tetrachloroethane 
1, 1, 1-Trichloroethane 

Chlorobenzene 
Toluene 

Analytical data on the concentrations of 31 VOCs in drum headspaces have been collected from 
approximately 930 drums at the INEL and the RFETS. These data are provided in Appendix C2 
of this permit application. The methodology for calculating weighted average headspace 
concentrations is also described in Appendix C2. The data represent all Waste Matrix Code 
Groups with the exception of soil and unknown waste forms, which represent less than two 
percent of the inventory. The most prevalent volatile organic hazardous constituents observed 
in the headspace gases are carbon tetrachloride, methylene chloride, and 1, 1, 1-trichloroethane. 
Table D9-2 lists the weighted average headspace concentrations for the indicator voes. 

Table 09-2. Weighted Average Concentrations of Headspace Gases 

.······ · .·.· .·. · ······.·.··•·••••••••·•·•·•······•••··•··••·•·Ctiri;11tJ~11t••·•·•· ... <••••••••< <•••••••••·• Vv:tiQ~t!~••~~~ra~,•••••>•••••••·•••••••••·••••••••••·• 
······ • ·<.·•·< · •····•••·· ···•<······••<<J>~t1~ .. P!t•IJli!!~9?:bYYt>IY.fl~t.·••••···· ....... · 

Carbon Tetrachloride 375.5 

Chlorobenzene 
Chloroform 

1, 1-Dichloroethylene 

1,2-Dichloroethane 

Methylene Chloride 
1, 1,2,2-Tetrachloroethane 

Toluene 
1, 1, 1-Trichloroethane 

D9-2 

12.5 

25.3 
11.5 

9.1 
368.5 

9.4 
19.4 

317.1 
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All waste containers destined for shipment to the WIPP facility will be vented with a carbon 
composite filter to prevent the buildup of explosive gases, as a result of radiolysis, and eliminate 
any pressurization caused by changes in temperature and elevation. During the WIPP 
operational period, voes in the vapor state may be released into the air due to diffusion across 
these filters (see Appendix D12); therefore, the release of voes into the air pathway is quantified. 
This process is described in Section 3.3.1. Metals in the waste exist in predominantly monolithic 
forms, such as tools, equipment, and lead shielding. Since the carbon composite filters are 
designed to be high-efficiency particulate air grade filters, any metal particulates that may exist 
will not be released to the environment during routine waste handling operations. 

While a panel is being filled with waste containers, and up to the time the panel closure system 
installation is complete, this diffusion process is assumed to occur continuously. Normal mine 
ventilation procedures will direct fresh air through these open panels until the panel closure 
system is installed. This ventilation air will maintain a constant concentration gradient across the 
filters, allowing the diffusion of voes through the filters into the air stream. 

3.1.4 voe releases from closed panels 

Once a panel is full of waste and closed, i.e., the panel closure system is installed as described 
in Section l-1e(1), the predominate mechanism for gas releases from closed panels will be from 
an increase in gas pressure behind the closure system due to gas generation and creep closure. 
Initially, the voes will diffuse at a similar rate as in an open panel, but as the concentration of the 
constituents outside of the drums (panel headspace) approaches the concentration in the drum 
headspace, voe diffusion rates will decrease. Once the waste containers are breeched, the 
concentration of voes within the void space of the closed panel would not be higher than the 
average concentration in the headspace of the containers in that panel. When gas is generated 
from microbial degradation of the waste (Appendix D11 ), and when the salt formation closes in 
(creep closure), gas pressure will increase slightly and gases may be forced around the panel 
closure system and into the underground ventilation air stream. 

3.2 Design and Operations 

3.2.1 Mine ventilation 

As described in Section D-10a(2)(f) of this permit application, the underground ventilation system 
directs fresh air into the open panels, past the closed panels, and exhausts the air into the 
atmosphere at the southeast comer of the facility property protection area via the exhaust shaft. 
If gases are released from the open or closed panels, they will mix with the ventilation air and be 
released into the atmosphere. 

3.2.2 WIPP site boundary 

The WIPP site boundary is defined by the outer edge of 16-sections of land as shown in 
Figure 8-7 of this permit application. The southeast comer of the property protection area, where 
the underground ventilation fans exhaust the underground air, lies near the center of the 
16 sections of land, and releases the air approximately 27 feet above ground surface into the 
atmosphere. The minimum distance from the exhaust fans to the site boundary is approximately 
two miles in any direction. 
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3.2.3 Site location 

The WIPP site is located in a rural area approximately 26 miles east of Carlsbad, NM (see 
Chapter B, Section B-3). 

3.3 Release Pathways 

3.3.1 Open panels 

As discussed in Section 3.1.3, VOCs will be released from open panels when they diffuse through 
the carbon composite filter installed on each drum. The voe diffusion characteristics across the 
filters are based on the measured hydrogen (H:J diffusion characteristic and the calculated ratio 
of VOC-to-H2 diffusivity in air. This method was taken from a diffusion study conducted at the 
INEL (see Appendix 012), which reviews the methods and results of past investigators in defining 
transport characteristics across filters and compares new experimental results from transport 
experiments with calculated values. The study demonstrates that the estimation method 
compares favorably with the measured data. The estimated values for the VOCs analyzed are 
within an order-of-magnitude of the measured values. 

The information in the study indicates that at least two types of filters, models NFT-013 and 
NFT-020, are being used to prevent the buildup of hydrogen gas in waste drums intended for 
disposal at WIPP. To be conservative, this assessment assumed that all drums were fitted with 
model NFT-013 filters, which provide the highest diffusion rate. 

Diffusion characteristics were calculated using the equations below. For filter-specific diffusion 
characteristics, the ratio of VOC-to-H2 diffusivities in air are calculated as follows (Appendix 012, 
pg. 23, Equation 11): 

Dvoc-air 
DH . 

2-air 
( 

p l 1/3 = ;voe x 
c,H2 

[ l 
-112 

T;voc x 

c,H2 

(~·~J 
( M~~ + M~HJ 

diffusivity of the voe in air 
diffusivity of hydrogen in air 
critical pressure of the voe, atm 

112 

critical pressure of hydrogen, 12.8 atm (normal) 
critical temperature of the VOC, K 
critical temperature of hydrogen, 33.2 K (normal) 
28. 946 g/mole 
molecular weight of the voe, g/mole 
molecular weight of hydrogen, 2.016 g/mole 

(09-1) 

The voe diffusion characteristics from the ratio of VOC-to-H-2 diffusivities in air are calculated 
using the following equation (Appendix 012, pg. 21, Equation 8): 
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(09-2) 

= the voe diffusion characteristic, mole/s/mole fraction 
= the diffusion characteristic for hydrogen through a model NFT-013 carbon 

composite filter, 1.17E-5 mole/s/mole fraction (Appendix 012, pg. 18, Table 1) 

The average drum emission rate for each voe is then calculated below and summarized in 
Table 09-3. 

ADE = Dvoc x HC x ( 1 mole fraction) 
1 x 106 ppmv 

(09-3) 

where, 
ADE 
HC 

= average drum emission rate, molests/drum 
= headspace concentration, ppmv 

Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
1 , 1-Dichloroethylene 
1 ,2-Dichloroethane 
Methylene Chloride 
1, 1,2,2-Tetrachloroethane 
Toluene 
1, 1, 1-Trichloroethane 

3.3.2 Closed Panels 

Table 09-3. VOC Diffusion Rates 

.... ........ . ............... . 

Pc . . . Tc< MW ... . < (~~eJ:,~c>1~ .4~~ /> 
atm > •••·· t<: > /mole. · .·.. TfraC:t:iol1 · · .. · / mofe/s/drum . 
45 556.4 153.84 1.21e-06 4.54e-10 
44.6 632 112.56 1.16e-06 1.45e-11 
54 536.4 119.39 1.34e-06 3.39e-11 
51.3 495 96.95 1.40e-06 1.60e-11 
53.0 561.6 98.97 1.32e-06 1.20e-11 
60 510 84.94 1.47e-06 5.45e-10 
57.6 644.5 167.86 1.21e-06 1.13e-11 
40.6 591.7 92.13 1.19e-06 2.33e-11 
42.4 545 133.42 1.21e-06 3.84e-10 

Once a panel closure system is installed, no fresh air will circulate through the panel, thereby 
preventing further diffusion of VOCs from the waste. The only potential pathway for gases out 
of a closed panel will be through possible fractures in the disturbed rock zone around the closure 
system. These fractures may exist prior to installation of the closure system. Over time these 
fractures will close and the rock will form a tight seal around the closure system. For this analysis 
no credit is taken for the effectiveness of this sealing. 

As discussed in Section 3.1.4, VOCs may be released from closed panels if the gas pressure 
increases from gas generation or creep closure (volume reduction within the panel). 
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Appendix 011 of this permit application includes the most recent information on gas generation 
by WIPP waste. Of the three gas-generating mechanisms described in Appendix 011 (radiolysis, 
microbial degradation, and corrosion), microbial degradation will contribute the most to the 
generation rate. 

The best estimate for gas generation from microbial degradation under humid conditions is 
0.1 moles of gas per drum per year (0.1 moles/drum/year). For the period of time in this analysis 
(less than 100 years), there is not expected to be enough brine flow into panels to create an 
inundated environment, which would be necessary to produce higher gas generation rates. This 
analysis conservatively assumes that a humid condition will exist to produce gas at a rate of 
0.1 moles/drum/year. Although Appendix 011 states that the maximum expected value for any 
one drum of waste is 1.0 moles/drum/year, the lowest expected value for any one drum is 
O moles/drum/year. A discussion of the relationship between gas generation, brine inflow, and 
creep closure can be found in Section l-1e(4). In reality, under the conditions that will initially 
exist in a closed panel, the predominant degradation mechanisms may consume gas at a rate 
faster than it is produced. This outcome is a function of the availability of nutrients to sustain 
microbial activities. Indications of gas consumption activities are in Francis and Gillow (1994) 
where they reported 200-day experiments. 

The average creep closure rate, as discussed in Appendix B of Appendix 1-1 in this permit 
application, will result in a reduction of the panel void volume of 812 m3 per year for each panel. 
Converting this volumetric reduction rate to a molar (gas) displacement rate, using the Ideal Gas 
Law: 

GDR = 812 m3 x _f__ 
panel I year RT 

(09-4) 

812 m3 1 atm ( 1 x 103 
L) 

= panel I year x (0.082 L•atm I mo/·~ x (298 ~ x m3 

Since one panel = 81,000 drums of waste, this rate expressed on a drum basis is: 

GDR = (3.32 x 104 mo/eslpanellyeaf) x (panel I 81,000 drums) 

= 0.4 moles/drum/year 

An effective gas generation rate (gas generation rate plus gas displacement rate) can be 
calculated as follows: 

GR= GGR + GDR 

where, 
GR 
GGR 

= Effective Gas Generation Rate 
= gas generation rate due to microbial degradation in a humid 

environment, 0.1 moles/drum/year 

(09-5) 

GDR =gas displacement rate due to salt creep (creep closure), 0.4 moles/drum/year 

GR = (0.1 mo/es/drum/year') + (0.4 moles/drum/year') 

GR = 0.5 moles/drum/year 
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The potential exposure to concentrations of voes that could exist in the mine ventilation air 
stream will vary depending on the location of personnel. In most cases personnel will be working 
upstream of the waste panels in the ventilation air, and would not be exposed to any voes that 
may be released from the waste containers. Some personnel (waste handling, underground 
operations, etc.) may spend a portion of their work schedule downstream of the waste panels, 
but in most cases will also be upstream. One case where personnel will be downstream in the 
ventilation air for some period of time is during the installation of a panel closure system. In this 
situation there will be no airflow through the filled panel, but voes will diffuse into the ventilation 
air at the exit of the full panel (See Figure 09-1 and Section 5.1.1 ). 

On the surface of the facility, where the majority of the site personnel work, the mine ventilation 
air is released to the atmosphere at a rate of 425,000 ft3/min. For the purpose of the personnel 
exposure portion of the assessment, no credit is taken for further concentration reduction of 
voes as they are released into the atmosphere (the mine air released immediately disperses into 
the atmosphere, reducing the concentration of voes). Since voes are in the gas phase, and 
with the momentum at which the air is released from the mine ventilation fans (high velocity), 
there will be no credible accumulation of gases in and around the surface facilities. 

Once released into the atmosphere, voe concentrations at or beyond the WIPP site boundary 
will decrease even further. For this assessment air dispersion modeling performed for the WIPP 
No-Migration Variance Petition (Appendix 010 of this application) will be used. This modeling 
estimates an air dispersion factor (AOF) of 1.07 X 10-4, which when multiplied by the annual 
average voe concentration released from the mine ventilation system, represents the maximum 
annual average concentration of a voe that could occur at or beyond the WIPP site boundary. 

09-7 01/15196 04:08pm 



WIPP RCRA Part B Pennit Application 

DOE/WIPP 91..()()5 
Revision 5.2 

OR BOTH or THESE AREAS PERSONNEL IN ONE 
roR ClOSUR E CONSTRUCTION 

-.............. 

.... 

I-

PANEL (TYPICAL) 

E-300 
- .... 

I I 

!:! LEGEND 

Q SEVEN PACK 

001 -

AIR FLOW .... 
I I 

Figure 09-1. Minimum Air Flow Prior to Panel Closure 
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4.0 Potential Human Receptors 

4.1 On-Site Occupational Receptors 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

On a typical work day (7:30 am to 4:00 pm, Monday to Friday), approximately 650 personnel will 
be present at the WIPP Site (most assigned to work in office buildings). The number of personnel 
on-site will vary at other times, but will typically be less than 100 (rough estimate), depending on 
the shift and operational activities. As described in Section 3.0, there is the potential for worker 
exposure to voe waste emissions both on the surface of the facility and in the underground. 

4.2 Off-Site Public Receptors 

The WIPP site is located in a rural area, with only 27 permanent residents living within a 10-mile 
radius of the site, as shown in Figure 8-13 of this permit application. The nearest current 
residence is also shown in Figure B-7a. Source concentrations (waste emissions) will be diluted 
by 425,000 ft3/min of ventilation air drawn into the mine (which also acts as the carrier for 
emissions), and then dispersed over the atmosphere for approximately two miles or more before 
exposure would occur. This dilution and subsequent dispersion of voes will greatly reduce the 
exposure level that will occur to off-site receptors. 

5.0 Human Health Risks 

5.1 Occupational 

5.1.1 Underground 

To determine the underground exposure to workers, the maximum concentration of voes that 
will exist in the ventilation air must be determined. The maximum voe concentration will occur 
at the lowest ventilation rate when workers are downstream of an open panel full of waste (see 
area labeled "personnel in this area" in Figure 09-1). Normal operations that will require workers 
to be downstream of an open panel full of waste include rock maintenance (scaling, ground 
control, etc.) and panel closure installation. Prior to the panel closure system installation, 
ventilation through the filled panel will be stopped, but diffusion will continue to take place since 
there will be no restriction to diffusion until the panel closure system is installed. Since the 
average headspace concentrations of some voes are above the Occupational Safety and Health 
Administration (OSHA) eight-hour time-weighted average (TWA), a minimum flow rate of air 
through the area where workers are located must be established (depicted by small arrow in 
Figure 09-1). 
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For this assessment, a bounding calculation is used with a minimum flow calculated to maintain 
voe concentrations to less than one-tenth of the OSHA TWA (0.1). Carbon Tetrachloride, 
having the highest headspace concentration of the VOCs with the lowest TWA from the indicator 
voes (see Table 09-4), is used to calculate the minimum air flow rate as follows: 

X >< ADE >< MW x (1 x 106 µgig) 
Qrrin = ----------'-----'-'"'-='--

ECum >< 0.0283 m3/ft3 >< (1 min/60 s) (09-6) 

where, 
Qmin = minimum ventilation air flow rate, ft3/min 
X = number of drums in a panel, 81,000 drums 
ADE =average drum emission rate for carbon tetrachloride, 4.54e-10 mole/s/drum 
MW = molecular weight of carbon tetrachloride, 153.84 g/mole 
EClim = underground area exhaust concentration limit for carbon tetrachloride, 1.0 ppmv 

The first step is to convert the concentration limit for carbon tetrachloride of 1.0 ppmv to µg/m3 

using the Ideal Gas Law at standard temperature and pressure (STP) as follows: 

m><R><T 
p x V x EC1im(ppmv) = MW 

where, 
p 
v 
m 
R 
T 
EClim 

= pressure, 1 atm 
=volume, I 
= mass of the voe, g 
= gas constant, 0.08206 atm · I / mole · K 
=temperature, 298K (25°C) 
= voe concentration, ppmv 

solving for m/V: 

(1 atm)><(1.0ppmv)><(153.84 gtmo/e)>< 1 mo/efraction x( 1 ><10
6
µg/m

3
) 

m (µgtm3) = ____________ ......_1_><_1_0_6~pp __ mv_-'--___ 9 __ 

V 0.08206 ( atm • / ) x 298 K x ( 1 m
3 

) 
mole • K 1000 I 

m (µglm3) = 6,292 µg/m3 
v 

Using equation 09-6, Omn is calculated as follows: 

0 1 )( 1g0
6 

µg) (81,000 drums) >< (4.54 >< 10-1 mo/els/drum) >< (153.84 glmole) >< 

Qrrin = -----------------------"-------
(6,292 µglm3) >< (0.0283 m 31tt3) >< (1 min/60 s) 

(09-7) 

(09-8) 
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A minimum ventilation rate of 2,000 ft3/min will be maintained in the worker area to insure that the 
concentration of carbon tetrachloride is at least 1 O times below its TWA. 

For all voes (including carbon tetrachloride), Omn is used to calculate the panel area exhaust 
concentration as follows: 

Xx ADE x MW x (1 x 1as µg/g) 
ECpane1 = ----------'------'-=-='--

Qmin x a.a283 m3/tr3 x (1 min/6a s) 
(09-9) 

where, 
Eepane1 = panel area exhaust concentration, µg/m3 

X = number of drums in a panel, 81,000 drums/room 
MW = molecular weight of the voe, g/mole 
Qmin = minimum ventilation rate, 2,000 ft3/min 

To convert Eepanel from µg/m3 to ppmv using the Ideal Gas Law at STP: 

EC (ppmv) = R x T x ( 1 x 1 as ppmv ) x ( g ) x EC ( µg) 
pane1 P x MW 1 mole fraction 1 x 1 as µg pane1 ma (09-10) 

[ 
0.08206 ( atm • I ) ,. 298K ,. ( ..!..!!!.: ) l 

= mole • K 1000 I ,. 1 " 1<>6 pprnv ,. g ,. EC ~ 
1 atm " MW glmole) ( 1 mole fraction) ( 1 ,. 1<>6 µg) penet ( m3) 

ECpaneiCµg/m3) x (a.a2445) (ppmv) 

MW 

The maximum underground occupational exposures calculated from the equations above are 
summarized in Table 09-4 and Figure 09-2. These exposure concentrations range from one to 
four orders-of-magnitude below acceptable levels. The case analyzed in this section is a worst
case occupational exposure situation, and under a normal working environment most workers will 
be exposed to levels well below those in this case. The more stringent requirement for 
underground ventilation in the panels is the flow rate required for personnel and diesel equipment. 
The flow rate in the situation described will be set based on air quality requirements set forth in 
the Mine Safety and Health Administration regulations (30 eFR Part 57), which is based on the 
quality of the air for personnel, and type of diesel equipment used in the area. 

09-11 01/15196 04:08pm 
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TABLE 09-4. MAXIMUM UNDERGROUND OCCUPATIONAL EXPOSURE FROM UNDERGROUND WASTE EMISSIONS 

"u""''"" 
' ~~'ii'Ntr / ,~~,:~,%~,~ ? ~~~::~:r:~iln f: trif~:~~ :~,~~?: . .°~~~ < '~~~s~:~~ ·•••·· '~fu"ls~!ri~, ·· ~x~t:t:r?> 

•.•• 1 (g/rno1er< /fra#tion)•······· ····· >•·<r>J>rnv)> > <tractfonf <rnoletstdruml· / (Jiglrrm/ > •··· t (pprp~l •· Y (ppfuv> 
Carbon Tetrachloride 153.84 1.21e-06 375.5 3.76e-04 4.54e-10 6.00e+03 9.53e-01 10 

Chlorobenzene 112.56 1.16e-06 12.5 1.25 e-05 1.45e-11 1.40e+02 3.0Se-02 75 

Chloroform 119.39 1.34e-06 25.3 2.53e-05 3.39e-11 3.48e+02 7.12e-02 so· 

1, 1-Dichloroethylene 96.95 1.40e-06 11.5 1.15e-05 1.60e-11 1.33e+02 3.37e-02 NDb 

1,2-Dichloroethane 98.97 I 1.32e-06 I 9.1 I 9.07e-06 1.20e-11 1.02e+02 2.51e-02 50 

Methylene Chloride 84.94 I 1.48e-06 I 368.5 I 3.69e-04 5.45e-10 3.98e+03 1.14e+OO 500 

1, 1,2,2-Tetrachloroethane 167.86 I 1.21e-06 I 9.4 I 9.35e-06 1.13e-11 1.63e+02 2.37e-02 5 

Toluene 92.13 1.20e-06 19.4 1.94e-05 2.33e-11 1.84e+02 4.89e-02 200 

1, 1, 1-Trichloroethane 133.42 1.21e-06 317.1 3.17e-04 3.84e-10 4.39e+03 8.05e-01 350 

a. Ceiling value, a 15-minute time weighted average; no 8-hour value specified. 
b. No data available. 
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:i1 .OOE+01 -c 
0 
;::; 
«S .... -c 
~ 1.00E+OO 
c 
0 
0 

1.00E-01 

1.00E-02 
CNorobenzene 1, 1-0ichloroethylene Mett¥ene Chloride 

Carbon Tetrachloride CNorofonn 1,2-0ichlomethane 1,1,2,2-Tetrachloroethane 

• Exposure Concentration B OSHA 8-Hour Limit 

Figure 09-2. Maximum Underground Occupational Exposure from 
Underground Waste Emissions 

5.1.2 Surface 

In determining the bounding exposure to personnel on the surface of the facility, the ventilation 
flow rate is 425,000 ft3/min, and the maximum emissions will come from both open and closed 
panels. As panels are filled, panel closure systems will be installed, so that the worst-case 
emissions will be from a combination of two open panels and eight closed panels. As discussed 
in Section 3.3.3 of this assessment, no credit is taken for dispersion of gas emissions on the 
surface. 

The situation presented in Section 5.1.1 of this assessment shows the resulting concentration 
underground in 2,000 ft3/min of ventilation air. For this situation the same equations apply (09-9, 
and 09-10), except Q = 425,000 ft3/min. 

09-13 01/15196 04:11 pm 
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SOPEC = Xx ADE x MW>< (1 >< 106 µgig) 

Q x 0.0283 m 3/ft3 x (1 min/60 s) 

where, 
SOPEC =single open panel exhaust concentration, µg/m3 

Q = 425,000 ft3/min 
X = 81,000 drums 

Closed panel emissions for a single panel are calculated as follows: 

X x GR x HC x 1 mo/efraction >< MW x (1 >< 106 µgig) 

SCPEC = 1><106 ppmv 
Q x 0.0283 m 3/ft3 >< (525,960 min/yea" 

where, 
SCPEC = single closed panel exhaust concentration, µg/m3 

GR =effective gas generation rate (eq. 09-5), 0.5 moles/drum/year 
Q = 425,000 ft3/min 

(09-11) 

(09-12) 

The resulting exhaust shaft concentration is then calculated using the following equation and the 
values are listed in Table 09-5 and Figure 09-3: 

ECex11aust shalt = (2 >< SOPEC) + (8 >< SCPEC) (09-13) 

where, 
ECex11aust shaft = exhaust shaft exhaust concentration, µg/m3 

Using equation 09-10, ECexhaustshaft is converted from µg/m3 to ppmv. 

The maximum occupational exposure concentrations on the surface of the facility are well below 
acceptable levels. As shown in Table 09-5 and Figure 09-3, concentrations range from three to 
five orders-of-magnitude below OSHA limits. 
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TABLE 09-5. MAXIMUM SURFACE OCCUPATIONAL EXPOSURE FROM UNDERGROUND WASTE EMISSIONS 

>>·•Mw-. •. HC) . •.4£)~>··· •.•. :SOPEC·. . ·.···scP.i=&····.··.· ~b.xh.L.h~< ~g_t....e~~> \ . 
·••. >•••••·•·••••••••••••••••••••··•••••••·••••·••··•·••••••••••••••••.•••••·•·>•••••·•••••••·••·•· ·•·••··•••··•.·.•.••••••······•••·•••••>>.>• >••··••>••••·············•········•··••••·•••··•·•·•••••••·•· •··•·•······.··••·•••·•·•••········ .. ··••·••••·•••••••··••···•·· •··•·•••·••••··•·•••··••••••••••••>•••.•• >>•··••·••. U.••·•·•·•·•·•·•·••>><.•···•••••.·<•••.••••·•••• ·••·.•.•••·••·•2!GfR§••••••••••••··· 
····.·•··•·<?.·•• <·•· >.•.• u ...... W!J9~•~~<·•••·· ·•••••••••••·•••·•·•·········•·.···•····· x·•· <?••••• ·•••••••···•·>••••• >• ... ·••.··· .. •· .. •.···•••>•••••• .·.••.•·······•··•·············•··•·•••.•···•··•···· u.••••• •· .•.•.•. r:,~~9•!. s~an•••• ··•·· r:,~~q'-!••~.~ .. n··· >•••·1·~1P~1Q.oo.•••·••·.·•·· 

........ ·................ Average o.r-um ••••·••••••••••••••>· •·•·••••··•••••••<•••T·•••••·•> ·f~illgl~·.Open> Sing!t!·C:!e>s~(I •Go11c~llt@tie>ll~ ••P<>'1~'1lttC1tie>ri~··· ··•·•()SHA·a-h(>tlt. 
Mo1ecl.dar ·•·· ftea(lspac., Avefcige D'1Jri1 Pan,l l:xhaust Panel l:~hC1yst ·tre>rn waste< r iJrpri1\l\fa$ttf J. Pefuiissibl~ < 
·· Weigllf r Ce>ncentration Ernissfon Rate concetjtratiori Collc,nfration ? Eri11ssiods Efillssi~ruf \ l=!<l>C>sU~Lirl1it 
(glrl1e>le) ··· ··. {ppmv) }> (mole/s/drum) · (J'g/m3) ·.·· · ·· •··. · (J,tglrn3) ... ·. (µg/lfl3)< ·•· · (ppmvf ······· ·· · ·· · (pprnv) · ··· 

Carbon Tetrachloride 153.84 375.5 4.54e-10 2.82e+01 3.70e-01 5.94e+01 9.43e-03 10 

Chlorobenzene 112.56 12.5 1.45 e-11 6.60e-01 9.02e-03 1.39e+OO 3.02e-04 75 

Chloroform 119.39 25.3 3.39e-11 1.64e+OO 1.94e-02 3.43e+OO 7.02e-04 so• 

1, 1-Dichloroethylene 96.95 11.5 1.60e-11 6.28e-01 7.11e-03 1.31e+OO 3.31e-04 NDb 

1,2-Dichloroethane 98.97 9.1 1.20e-11 4.79e-01 5.75e-03 1.00e+OO 2.48e-04 50 

Methylene Chloride 84.94 368.5 5.45e-10 1.87e+01 2.00e-01 3.90e+01 1.12e-02 500 

1,1,2,2-Tetrachloroethane 167.86 9.4 1.13e-11 7.67e-01 1.00e-02 1.61e+OO 2.35e-04 5 

Toluene 92.13 19.4 2.33e-11 8.66e-01 1.14e-02 1.82e+OO 4.84e-04 200 

1, 1, 1-Trichloroethane 133.42 317.1 3.84e-10 2.07e+01 2.71e-01 4.35e+01 7.97e-03 350 

a. Ceiling value, a 15-minute time weighted average; no 8-hour value specified. 
b. No data available. 
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1.00E-02 

1.00E-03 
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fill Exposure Concentration • OSHA 8-Hour Limit 

Figure 09-3. Maximum Surface Occupational Exposure from Underground 
Waste Emissions 

5.2.1 Air dispersion modeling 

Air dispersion modeling is required for estimating voe concentrations at the site boundary based 
on source terms, receptor locations, and meteorological data. The Environmental Protection 
Agency (EPA) recommends that no-migration variance petitioners use the Industrial Source 
Complex (ISC) model to assess the dispersion of hazardous constituents in the air pathway 
(EPA 1992, app., p. 2-14), which is also appropriate for this assessment. A detailed description 
of the air dispersion model parameters, assumptions made, and results of model runs is included 
in Appendix 010 of this permit application. 

09-16 01/15/96 04:30pm 
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The EPA draft guidance manual (EPA 1992, app., § 2.2.2) recommends that petitioners follow 
these guidelines: 

• Estimate annual average concentrations 
Use five years of meteorological data (preferably recorded on-site), evaluate one year at 
a time, and use the model run that produces the maximum unit boundary concentration 

• Include receptors up to 100 meters beyond the unit boundary to verify that the maximum 
concentrations occur at the boundary 

• Use Cartesian receptor grids 
• If the source is at ground level, correct for the vertical wind profile 
• Specify receptor heights at 5 feet (1.5 meters) above ground (inhalation height). 

For this assessment, version ISC2 was used. The ISC2 model has two modules: 1) for 
predicting concentration based on short-term releases, and 2) for predicting concentration based 
on long-term releases. The short-term version uses hourly meteorological data to allow 
predictions on an hourly basis. The long-term version uses the average meteorological data over 
a longer time period, such as monthly, quarterly, seasonal, or annual data. Because the disposal 
operations and closure activities are expected to last for 35 years, and emissions are assumed 
constant, this assessment is based on annual average concentrations. The long-term version 
of the ISC2 code (ISCL T2) is used to estimate the VOC concentrations at the WIPP site 
boundary. 

The ISCL T2 model requires several input data sets: the control data set, the source data set, the 
receptor data set, and the meteorological data set. The control data set contains the data that 
provide the overall control of the model run. For this modeling, the control parameters were set 
to perform the following: 

• Estimate the annual average concentration of the constituent 
• Use the rural option 
• Consider stack-tip downwash and building wake effects 
• Specify 5 feet (1.5 meters) as the default receptor height. 

The ISCLT2 concentration estimates represent the ''worst-case" concentrations at any point in 
time. Since the model output is steady-state, an arbitrary gas was modeled assuming a release 
(source) concentration of 1,000 micrograms per cubic meter. An AOF was then determined by 
dividing the estimated unit boundary concentration by the release concentration. This ratio was 
used to determine the concentration of voes at the site boundary and is expressed as follows: 

ADF = maximum ground-level concentration (µgtm3> 

release concentration (µgtm3> 
(09-14) 

The source for releases is air released from the mine ventilation exhaust fans. As described in 
Chapter O of this permit application, the mine ventilation system consists of two primary fans 
which will maintain a 425,000 cubic feet per minute (200.5 cu:..:;c meters per second) flow rate (at 
standard temperature and pressure) through the repository dur:ng disposal operations. The fans 
are 27 feet (8.2 meters) high and approximately 23.8 feet (7.2 meters) apart; therefore, the model 
runs considered them as two "stack-like" sources. Specific parameters for each source are 
shown in Table 09-6. 

09-17 01115196 04:30pm 
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Table 09-6. Model Parameters for the Two Sources 

......... ........ . . ... . . , .............. , . . ... ..... '.··· .. · .· ···· .. · .. · .. ··.·.·· ·.··. ·: >.·····.:.·.·.· .. 

........ </.•·<··•••••••••••••<> Parameter.·•········· ········ ........ \. > c····••·•·•··•••···•···•••••·•••·•••••·•··••·····•·• .. ·.·>•.••<•••••••••+•••va1Lle •. (eacfrsC>llrc~)••••••·•·•····•.••·•·•••••••••··•·•••········ 
Exhaust air flow rate 

Stack height (fan exhaust duct height from ground level) 

Release temperature 

Release velocity (45° equivalent) 

Effective stack diameter 

Release concentration 

Release rate 

Base elevation 

Key: m3/s = cubic meters per second 
m =meters 
g/s = grams per second 

m/s 
µg/m3 

100.3 m3/s 

8.2m 

288 K (16°C, 61°F) 

4.66 m/s 

4.4m 

1,000 µg/m3 

0.1 g/s 

1,039 m 
= meters per second 
= micrograms per cubic meter 

Cartesian (rectangular) coordinates were used to define the receptor grid in the model runs. The 
calculation to determine the maximum concentration at the unit boundary was based on a total 
of seven model runs. The first five runs defined 324 receptors in a 1,320-foot by 1,320-foot 
(400-meter by 400-meter) grid, and 16 discrete receptors on the boundary in 22.5° increments 
around the 4-mile by 4-mile (6.4-kilometer by 6.4-kilometer) unit boundary. For all seven runs, 
a "flagpole" receptor height was defined as 5 feet (1.5 meters) from ground level. The elevation 
of each receptor was also defined. 

The meteorological parameters (Table 09-7) were defined from data obtained at both the 
Carlsbad, New Mexico Municipal Airport National Weather Service (NWS) station and the WIPP 
site. The Carlsbad Airport NWS station is the closest station, other than on-site meteorological 
stations, to the WIPP site. Annual wind speed, wind direction, and atmospheric stability recorded 
at the Carlsbad Airport NWS station were defined in a frequency distribution input file called the 
Stability Array file (Table 09-8). Wind data recorded at the WIPP site are available, but these 
data do not meet the specific EPA guidelines specified in "On-Site Meteorological Program 
Guidance for Regulatory Modeling Applications" (EPA, 1987) for completeness. The 
meteorological program, until recently, had not defined this guidance as being applicable to the 
WIPP site program, which meets the requirements set forth in DOE orders and Nuclear 
Regulatory Commission regulations for radiological release modeling. 

Table 09-7. Meteorological Parameters 

Stability class E temperature gradient 

Stability class F temperature gradient 

Average mixing height 

Ambient air temperature 
Key: m = meters 

K= KeMn 

09-18 

0.01° 

0.03° 

1,435 m 
288 K 
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Table D9-8. Frequency Distribution of Wind Speeds and Directions 
by Stability Class, Carlsbad, NM 1990-1994 

N A 0 0.001 0.000 0.000 0.000 0.000 
NNE A 0.000 0.001 0.000 0.000 0.000 0.000 
NE A 0.000 0.001 0.000 0.000 0.000 0.000 
ENE A 0.000 0.001 0.000 0.000 0.000 0.000 
E A 0.000 0.001 0.000 0.000 0.000 0.000 
ESE A 0.000 0.001 0.000 0.000 0.000 0.000 
SE A 0.001 0.001 0.000 0.000 0.000 0.000 
SSE A 0.000 0.001 0.000 0.000 0.000 0.000 
S A 0.000 0.001 0.000 0.000 0.000 0.000 
SSW A 0.000 0.000 0.000 0.000 0.000 0.000 
SW A 0.000 0.000 0.000 0.000 0.000 0.000 
WSW A 0.000 0.000 0.000 0.000 0.000 0.000 
W A 0.000 0.000 0.000 0.000 0.000 0.000 
WNW A 0.000 0.000 0.000 0.000 0.000 0.000 
NW A 0.000 0.000 0.000 0.000 0.000 0.000 

--~-~W. .........•....... ~ ................. Q .. RRQ ..........• Q .. RRQ ....•..•••. Q .. RRQ .......•... Q .. RQQ ••.•.•....• 9 .. RRQ ............. R .. QQQ .. . 
N B 0.001 0.002 0.002 0.000 0.000 0.000 
NNE B 0.001 0.002 0.001 0.000 0.000 0.000 
NE B 0.001 0.002 0.001 0.000 0.000 0.000 
ENE B 0.001 0.003 0.001 0.000 0.000 0.000 
E B 0.002 0.004 0.002 0.000 0.000 0.000 
ESE B 0.001 0.004 0.003 0.000 0.000 0.000 
SE B 0.001 0.005 0.004 0.000 0.000 0.000 
SSE B 0.002 0.006 0.004 0.000 0.000 0.000 
S B 0.001 0.004 0.003 0.000 0.000 0.000 
SSW B 0.000 0.001 0.001 0.000 0.000 0.000 
SW B 0.000 0.001 0.000 0.000 0.000 0.000 
WSW B 0.000 0.001 0.000 0.000 0.000 0.000 
W B 0.001 0.001 0.000 0.000 0.000 0.000 
WNW B 0.000 0.000 0.000 0.000 0.000 0.000 
NW B 0.000 0.001 0.000 0.000 0.000 0.000 

.. ~NW.. •..•••••••••.... ~ ...•............. Q .. RQ.1 .••••.•.... 9 .. RR.1 .......•••. 9 .. RR.1 •..•••••••• 9 .. RRQ ..•........ 9 .. RRQ ..........•.. R .. QQQ ... 
N C 0.001 0.003 0.007 0.002 0.000 0.000 
NNE C 0.000 0.003 0.003 0.000 0.000 0.000 
NE C 0.000 0.003 0.002 0.000 0.000 0.000 
ENE C 0.000 0.003 0.002 0.000 0.000 0.000 
E C 0.000 0.003 0.004 0.001 0.000 0.000 
ESE C 0.000 0.003 0.005 0.002 0.000 0.000 
SE C 0.000 0.004 0.011 0.004 0.000 0.000 
SSE C 0.001 0.005 0.013 0.003 0.000 0.000 
s c 0.001 0.004 0.010 0.003 0.000 0.000 
SSW C 0.000 0.001 0.001 0.000 0.000 0.000 
SW C 0.000 0.001 0.001 0.000 0.000 0.000 
WSW C 0.000 0.001 0.001 0.001 0.000 0.000 
w c 0.000 0.001 0.002 0.002 0.001 0.001 
WNW C 0.000 0.001 0.001 0.000 0.000 0.000 
NW C 0.000 0.001 0.002 0.001 0.000 0.000 

.. ~J;.lW. .........•....... ~ ................. Q .. QQQ ........... Q .. QQ~ .•....•••.. 9 .. QQ~ ..•....•... Q .. QQ.1 ....••••... Q .. QQQ ......••••.•• Q,QQQ ••• 
N D 0.001 0.005 0.012 0.015 0.003 0.001 
NNE D 0.000 0.003 0.004 0.004 0.001 0.000 
NE D 0.000 0.003 0.004 0.003 0.000 0.000 

D9-19 01115196 04:11 pm 



WIPP RCRA Part B Permit Application 

DOE/WIPP 91-005 
Revision 5.2 

Table D9-8. Frequency Distribution of Wind Speeds and Directions 
by Stability Class, Carlsbad, NM 1990-1994 

·••··. >······· ••·· .\ .. •/ ·•.· .. •.·.. Fl'eqllef@ypt~tributiollofWfn~speeti~J ·· .. ·.·.··.·.·.·.· .... · · .. ·.·. 

~1=. i ~J~~; ; \l~ ~ ' ;~-~l~1riiiiif ~i!~i"'1i~~] ' :!1~!~ .J~: 
ENE D 0.001 0.003 0.004 0.003 0.000 0.000 
E D 0.001 0.004 0.006 0.005 0.000 0.000 
ESE D 0.001 0.004 0.007 0.006 0.001 0.000 
SE D 0.001 0.005 0.015 0.020 0.002 0.000 
SSE D 0.001 0.005 0.019 0.018 0.001 0.000 
S D 0.001 0.005 0.017 0.013 0.001 0.000 
SSW D 0.000 0.002 0.004 0.004 0.001 0.000 
SW D 0.000 0.001 0.004 0.004 0.001 0.000 
WSW D 0.000 0.001 0.005 0.013 0.005 0.002 
W D 0.000 0.002 0.006 0.023 0.013 0.007 
WNW D 0.000 0.002 0.004 0.008 0.002 0.001 
NW D 0.000 0.003 0.005 0.006 0.001 0.000 

.. N..~W. ................ Q ............... .9:9RR ........... 9:.9R~ ........... 9 .. 99§ ........... 9 ... Q.1~ ........... 9 ... Q9:4 .............. Q,QRR .. . 
N E 0.000 0.004 0.006 0.000 0.000 0.000 
NNE E 0.000 0.002 0.002 0.000 0.000 0.000 
NE E 0.000 0.002 0.001 0.000 0.000 0.000 
ENE E 0.000 0.002 0.002 0.000 0.000 0.000 
E E 0.000 0.003 0.002 0.000 0.000 0.000 
ESE E 0.000 0.004 0.003 0.000 0.000 0.000 
SE E 0.000 0.006 0.009 0.000 0.000 0.000 
SSE E 0.000 0.008 0.014 0.000 0.000 0.000 
S E 0.000 0.009 0.022 0.000 0.000 0.000 
SSW E 0.000 0.004 0.010 0.000 0.000 0.000 
SW E 0.000 0.004 0.006 0.000 0.000 0.000 
WSW E 0.000 0.004 0.011 · 0.000 0.000 0.000 
W E 0.000 0.006 0.015 0.000 0.000 0.000 
WNW E 0.000 0.005 0.011 0.000 0.000 0.000 
NW E 0.000 0.004 0.006 0.000 0.000 0.000 

.. N.~W. ................ J; ................. 9 .. 9QR ........... 9 .. 99~ ........... 9 .. 99:4 ........... 9 .. 99R ........... 9 .. 999 ..•.......... 9,QQQ .. . 
N F 0.003 0.009 0.000 0.000 0.000 0.000 
NNE F 0.002 0.005 0.000 0.000 0.000 0.000 
NE F 0.001 0.003 0.000 0.000 0.000 0.000 
ENE F 0.001 0.002 0.000 0.000 0.000 0.000 
E F 0.002 0.005 0.000 0.000 0.000 0.000 
ESE F 0.002 0.005 0.000 0.000 0.000 0.000 
SE F 0.003 0.008 0.000 0.000 0.000 0.000 
SSE F 0.005 0.016 0.000 0.000 0.000 0.000 
S F 0.005 0.020 0.000 0.000 0.000 0.000 
SSW F 0.003 0.010 0.000 0.000 0.000 0.000 
SW F 0.002 0.007 0.000 0.000 0.000 0.000 
WSW F 0.003 0.010 0.000 0.000 0.000 0.000 
W F 0.005 0.015 0.000 0.000 0.000 0.000 
WNW F 0.004 0.014 0.000 0.000 0.000 0.000 
NW F 0.003 0.009 0.000 0.000 0.000 0.000 
NNW F 0.002 0.007 0.000 0.000 0.000 0.000 
NNW F 0.002 0.007 0.000 0.000 0.000 0.000 

Key: mis = meters per second 
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The results of the air dispersion modeling provide annual average concentrations for each 
receptor along the WIPP site boundary, which can be used to calculate AOFs (Equation 09-14). 
The maximum concentration predicted by the model (0.107 micrograms per cubic meter) occurred 
along the northern border of the unit boundary and results in the following AOF: 

ADF = 0·107 µg/m
3 

= 1.07x1Q-4 
1000 µg/m3 

This AOF is used in this assessment to estimate the maximum annual average concentration of 
each voe at the site boundary. 

5.2.2 Public health risks 

For public exposure to voes in the air, the estimated maximum concentrations presented in 
Table 09-5 multiplied by the air dispersion factor above is used to estimate the maximum annual 
average concentration. The concentrations are then used in risk equations for carcinogens and 
non-carcinogens. 

For carcinogens, risk is calculated as follows: 

Risk = EC x ADF x URF x EF x ED 
AT (09-15) 

where, 
Risk 
ADF 
URF 
EF 
ED 
AT 

=a unitless probability (e.g., 2 X 10-5) of an individual developing cancer 
= air dispersion factor, 1. 07 x 10-4 
= unit risk factor, (µg/m3

)"
1 

=exposure frequency, 365 days/year 
= exposure duration, 35 years 
= averaging time, 25,550 days (70 years x 365 days/year) 

Equation 09-15 was derived from equations in EPA (1989), and is shown below. 

EPA (1989), page 6-44 provides the calculation of residential exposure from inhalation of airborne 
(vapor phase) chemicals as: 

Intake (mg/kg-day) = CA x IR x EF x ED x ( mg ) 
BW x AT 1 x 103 µg (09-16) 

= contaminant concentration in air, µg/m3 
where, 

CA 
JR 
BW 

= inhalation rate, assuming exposure time (ET) of 24 hours/day, 20 m3/day 
= body weight, 70 kg 

EPA (1989), page 8-6 also describes chronic intake as: 
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Intake = Risk 
SF 

where, 
SF= cancer slope factor, (mg/kg-day)"1 

(09-17) 

To express the carcinogenic effects in terms of unit risk factor, as provided in EPA (1989), 
page 7-13, the following equation is used: 

URF = SF x JR x ( mg ) 
BW 1 x 103 µg 

Solving for slope factor in equation 09-18: 

SF = URF x BW x ( 1 x 10
3 µg) 

JR mg 

Combining equations 09-17 and 09-19: 

Intake = Risk x JR x ( mg ) 
URF x BW 1 x 103 µg 

Setting equations 09-16 and 09-20 equal to each other: 

Risk x JR x ( mg ) = CA x JR x EF x ED x ( mg ) 
URF x BW 1 x 103 µg BW x AT 1 x 103 µg 

and solving for risk, 

Risk = CA x URF x EF x ED 
AT 

09-22 

(09-18) 

(09-19) 

(09-20) 

(09-21) 
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For this assessment, the contaminant concentration in air is the exhaust shaft concentration in 
air (EC) multiplied by the air dispersion factor (AOF) as follows: 

CA= EC x ADF 

Combining equations 09-21 and 09-22 yields equation 09-15: 

Risk = EC x ADF x URF x EF x ED 
AT 

(09-22) 

The maximum estimated excess cancer risk to the public from underground waste emission 
exposures are summarized in Table 09-9 and Figure 09-4. Excess cancer risk to the public for 
the indicator voes range from one and one-half orders-of-magnitude to three and one-half 
orders-of-magnitude below the acceptable level of 1x10-e (1e-06) for Class B carcinogens and 
1 x 10-5 (1 e-05) for Class c carcinogens. 

TABLE D9-9. EXCESS CANCER RISK TO THE PUBLIC FROM UNDERGROUND WASTE 
EMISSIONS 

5e-08 

Chloroform 3.43e+OO 2.30e-05 82 4e-09 

1, 1-Dichloroethylene 1.31e+OO 5.00e-05 c 4e-09 

1,2-Dichloroethane 1.00e+OO 2.60e-05 82 1e-09 

Methylene Chloride 3.90e+01 4.70e-07 82 1e-09 

1, 1,2,2-Tetrachloroethane 1.61e+OO 5.80e-05 c 5e-09 

1, 1, 1-Trichloroethane 4.35e+01 1.60e-05 c 3e-08 
a. Data from Integrated Risk Information System (IRIS). 
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1.00E-05 

1.00E-06 

1.00E-07 

1.00E-08 

1.00E-09 

r:art>on Te1Tao1t/orlt1e f, f-Ofo1t1oroet1tylene 

filfil Excess Cancer Risk to the Public 

Methylene CltlOl'ftle f, 1, f-TrlOltlOl'Oethane 

m Acceptable Level (1 E-06 for Class B, and 1 E-05 for Class C Carcinogens) 

Figure 09-4. Excess Cancer Risk to the Public From Underground 
Waste Emissions 

For non-carcinogens risk is quantified in terms of a hazard quotient. If the hazard quotient is 
below 1.0, there is virtually no risk to the public. The hazard quotients for the non-carcinogen 
indicator voes are calculated below and summarized in Table 09-10 and Figure 09-5. 

The hazard quotients for non-carcinogens are from five to six orders-of-magnitude from the 
acceptable level, meaning there is virtually no risk to the public from non-carcinogens. 

Hazard Quotient = EC x ADF x EF x ED x ( 1 mg ) 
AT x RfC 1 x 103µg 

where, 
ADF = air dispersion factor, 1. 07 x 1 O"'* 
RfC =reference concentration, (mg/m3) 

EF =exposure frequency, 365 days/year 
ED = exposure duration, 35 years 
AT = averaging time, 25,550 days (70 years x 365 days/year} 

(09-23) 

Equation 09-21 was derived from equations in EPA (1989}, and is shown below. 
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(09-24) 

EPA (1989), page 8-5 provides the calculation for the reference dose as: 

RfD = RfC x IR 
BW 

Combining equations 09-24 and 09-25: 

Intake = Hazard Quotient x RfC x IR 
BW 

Setting equations 09-16 and 09-26 equal to each other: 

Hazard Quotient x RfC x IR = CA x IR x EF x ED x ( 1 mg ) 
BW BW x AT 1 x 103 µg 

and solving for Hazard Quotient: 

Hazard Quotient = CA x EF x ED x ( 1 mg ) 
AT x RfC 1 x103 µg 

Combining equations 09-22 and 09-27 yields equation 09-23: 

Hazard Quotient = EC x ADF x EF x ED x ( 1 mg ) 
AT x RfC 1 x 103 µg 

09-25 

(09-25) 
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TABLE D9-10. NON-CANCER RISK TO THE PUBLIC FROM UNDERGROUND WASTE 
EMISSIONS 

Chlorobenzene 1.39e+OO 

Toluene 1.82e+OO 

a. Data from Integrated Risk Information System (IRIS). 
b. Data from Health Effects Assessment Summary Tables (HEAST). 

~ 

..!! 
0::: 

1.00E+OO 

1.00E-01 

1.00E-02 

1.00E-03 

1.000E-04 

1.000E-05 

I 1.00E-07 -"----=== 

1.00E-OS 

Chlorobenzene 

CT] Hazard Quotient 

2.00e-02b 

4.00e-01 8 

Tollene 

11 Acceptable Level (Class Band C carcinogens)) 

4e-06 

2e-07 

Figure 09-5. Non-Cancer Risk to the Public from Underground 
Waste Emissions 
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5.3 Headspace Concentration Limits 

To reduce the uncertainties associated with headspace concentrations and the effects on the risk 
calculations in this appendix, an upper limit concentration is established for each voe. This limit 
is based on meeting acceptable levels of risk to the public at the unit boundary. 

All of the equations in this appendix using a voe headspace concentration are linear, meaning 
as the value of the headspace concentration changes, the result changes proportionally. For 
example, if the headspace concentration value used in a calculation were increased by a factor 
of two, the result of the equation will also increase by a factor of two. Given this linearity, a limit 
for each voe is established by multiplying the ratio of the acceptable level of risk to the 
calculated risk by the headspace concentration. 

HSCL = ( acceptable level of risk) x headspace concentration 
voe calculated risk 

where for carcinogens, 

HSCLvoc = headspace concentration limit for each voe, ppmv 
acceptable level of risk = see Figure 09-4 
calculated risk= see Table 09-9 
headspace concentration= see Table 09-2, ppmv 

and for non-carcinogens, 

acceptable level of risk= Hazard Quotient of 1.0, see Figure 09-5 
calculated risk= Non-Cancer Hazard Quotient, see Table 09-10 
headspace concentration = see, Table 09-2, ppmv 

TABLE 09-11. HEADSPACE CONCENTRATION voe LIMIT 

I< · ..... •.. / /• / ··. ¢Jrc;il1e>gen At~ep~bl~ ¢~tcul!t~~<a~::;~r,:fi:~ ~~~;~~!~611 
I<>..... c~~~~th~> . . Class? Risktevel . .Risk >)) (ppfuv) l,imit(pp~foi) 
Carcinogens 
Carbon Tetrachloride 
Chloroform 
1, 1-Dichloroethylene 
1,2-Dichloroethane 
Methylene Chloride 
1, 1,2,2-Tetrachloroethane 
1, 1, 1-Trichloroethane 

Non-Carcinogens 
Chlorobenzene 
Toluene 

82 1e-06 
82 1e-06 
c 1e-05 
82 1e-06 
82 1e-06 
c 1e-05 
c 1e-05 

N/A 1.0 
N/A 1.0 

5e-08 375.5 
4e-09 25.3 
4e-09 11.5 

1e-09 9.1 
1e-09 368.5 
5e-09 9.4 
3e-08 317.1 

4e-06 12.5 
2e-07 19.4 

a. Calculated limit is above the saturated vapor concentration for the constituent. 

7,510 ~ 
6,325_/ 

28,750v 

9,100< 
368,500 
18,800 a 

105,700. 

1,000,000 b 

1,000,000 b 

b. Calculated limit is above 1,000,000 ppmv (100%), and could not physically exist in the headspace. 
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5.4 Bounding Calculations 

To bound the exposures and risk presented in this appendix by the maximum drum headspace 
concentrations presented in Section 5.3, those upper limit values are substituted for the 
headspace concentrations of voes for the previous analyses, and saturated vapor 
concentrations are used for those calculated upper limit values that exceed saturation. In all of 
the bounding cases, acceptable exposure and risk levels are met. 

5.4.1 Underground Occupational Exposure Bounding Calculations 

In Section 5.1.1, a minimum ventilation flow rate was established to maintain the exposure 
concentrations of VOCs at less than one-tenth of the OSHA limits. The minimum flow rate 
derived from Equation D9-6 was 2,000 tt3/min. Since that flow rate is based on the average drum 
headspace concentration of carbon tetrachloride, a new flow rate must be established for the 
bounding calculation. To calculate a new minimum flow rate for the bounding case, the OSHA 
limit for 1, 1,2,2-tetrachloroethane is used instead of carbon tetrachloride, since it is the limiting 
VOC in this case. Using equations 09-6 through 09-8 with HC = 5 ppmv, the minimum flow rate 
(Qnmi) for the bounding case is 7,500 ft3/min. Using equations 09-9 and 09-10 with Qmin = 7,500 
ft3/min, the maximum surface occupational exposure concentrations and OSHA limits are 
presented in Table 09-12. 

5.4.2 Surface Occupational Exposure Bounding Calculations 

Using equations 09-9 through 09-13 with Qmin = 7,500 ft3/min, the occupational exposures on 
the surface of the facility for the bounding case are presented in Table 09-13. 

5.4.3 Public Risk Bounding Calculations 

Using equations 09-15 through 09-22 for carcinogens and equations 09-23 through 09-27 for 
non-carcinogens, public risk for the bounding case is summarized in tables 09-14 and 09-15. 
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TABLE D9-12. MAXIMUM UNDERGROUND OCCUPATIONAL EXPOSURE FROM UNDERGROUND WASTE EMISSIONS (Bounding Case) 

·······.············· • (g/ffi()lf!f <rr,ctioo) ··••·•<s>plllv)>•·· •/traction) (friole/sl~rurnF / (J.lg/f1J3f .. > /><i>li.mv)> < ·•·>?(ppfuv)?> .. 
Carbon Tetrachloride I 153.84 I 1.21e-06 I 7,510 7.51e-03 9.09e-09 3.20e+04 5.08 10 

Chlorobenzene I 112.56 I 1.16e-06 I 16,1808 1.62e-02 1.88e-08 4.83e+04 10.5 75 

Chloroform I 119.39 I 1.34e-06 I 6,325 6.33e-03 8.48e-09 2.32e+04 4.74 sob 

1, 1-Dichloroethylene 96.95 1.40e-06 28,750 2.88e-02 4.02e-08 8.93e+04 22.52 NDC 

1,2-Dichloroethane 98.97 1.32e-06 9,100 9.10e-03 1.20e-08 2.72e+04 6.72 50 

Methylene Chloride 84.94 1.48e-06 368,500 3.69e-01 5.45e-07 1.06e+06 305.14 500 

1, 1,2,2-Tetrachloroethane 167.86 1.21e-06 7,259" 7.62e-03 8.78e-09 3.37e+04 4.91 5 

Toluene 92.13 1.20e-06 37,6861 3.77e-02 4.52e-08 9.53e+04 25.3 200 

1, 1, 1-Trichloroethane I 133.42 I 1.21e-06 I 29,11r 2.97e-02 3.68e-08 1.10e+05 20.12 350 

a. Saturated vapor concentration 
b. Ceiling value, a 15-minute time weighted average; no 8-hour value specified. 
c. No data available. 
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TABLE D9-13. MAXIMUM SURFACE OCCUPATIONAL EXPOSURE FROM UNDERGROUND WASTE EMISSIONS (Bounding Case) 

Carbon Tetrachloride I 153.84 I 7,510 9.09e-09 5.65e+02 7.40e+OO 1.19e+03 0.19 10 

Chlorobenzene I 112.56 I 16,180a 1.88e-08 8.53e+02 1.17e+01 1.80e+03 0.39 75 

Chloroform I 119.39 I 6,325 8.48e-09 4.09e+02 4.83e+OO 8.56e+02 0.18 so• 

1,1-Dichloroethylene 96.95 28,750 4.02e-08 1.58e+03 1.78e+01 3.29e+03 0.83 NDb 

1,2-Dichloroethane 98.97 9,100 1.20e-08 4.80e+02 5.77e+OO 1.01e+03 0.25 50 

Methylene Chloride 84.94 368,500 5.45e-07 1.87e+04 2.00e+02 3.90e+04 11.23 500 

1, 1,2,2-Tetrachloroethane 167.86 7,2598 8.78e-09 5.95e+02 7.80e+OO 1.25e+03 0.18 5 

Toluene I 92.13 I 37,6868 4.52e-08 1.68e+03 2.22e+01 3.54e+03 0.94 200 

1, 1, 1-Trichloroethane I 133.42 I 29,717 3.60e-08 1.94e+03 2.54e+02 4.08e+03 0.75 350 

a. Saturated vapor concentration 
b. Ceiling value, a 15-minute time weighted average; no 8-hour value specified. 
c. No data available. 
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TABLE D9-14. EXCESS CANCER RISK TO THE PUBLIC FROM UNDERGROUND WASTE 
EMISSIONS (Bounding Case) 

Carbon Tetrachloride 1.19e+03 1.50e-05 82 1e-06 

Chloroform 8.56e+02 2.30e-05 82 1e-06 

1, 1-Dichloroethylene 3.29e+03 5.00e-05 c 1e-05 

1,2-Dichloroethane 1.01e+03 2.60e-05 82 1e-06 

Methylene Chloride 3.90e+04 4.70e-07 82 1e-06 

1, 1,2,2-Tetrachloroethane 1.25e+03 5.80e-05 c 1e-05 

1 , 1, 1-Trichloroethane 1.45e+04 1.60e-05 c 1e-05 
a. Data from Integrated Risk Information System (IRIS). 

TABLE D9-15. NON-CANCER RISK TO THE PUBLIC FROM UNDERGROUND WASTE 
EMISSIONS (Bounding Case) 

Chlorobenzene 3.90e-01 2.00e-02b 1e-03 

Toluene 9.40e-01 4.00e-01• 1e-04 
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6.0 Summary 

Based on estimated air emissions from the underground waste, there are no significant 
exposures expected to occur to the public or workers. For workers, the estimated exposures as 
presented in Figures 09-2 and 09-3 are from one to five orders-of-magnitude below the 
Permissible Exposure Level allowed by OSHA for an eight-hour TWA. For the public, the 
estimated exposures as presented in Figures 09-4 and 09-5 are from one and one-half 
orders-of-magnitude to three and one-half orders-of-magnitude below acceptable levels for 
carcinogens, and five to six orders-of-magnitude below acceptable levels for non-carcinogens. 

In this exposure assessment several conservative assumptions were made for estimating 
exposures to workers and the public. The following is a list of conservative assumptions: 

• All drums are fitted with the model NFT-013 carbon composite filter 
• The effective gas generation rate is constant 
• The actual source of VOCs will exist throughout the operational/closure phase and will 

maintain the average concentrations in drum and panel headspaces (i.e., no depletion of 
the source over time) 

• voe concentrations in the panel atmosphere are instantaneously equivalent to the drum 
average headspace concentrations 

• There is no decrease in closure-system permeability due to creep closure over time 
• Personnel are exposed to concentrations every hour of every day during the span of a 

career 
• The ventilation rate in the panel area where the closure system installation takes place 

will likely be much greater than 2,000 ft3/min. For example, if a diesel forklift is used in 
the area, the typical ventilation rate will be set to at least 20,000 ft3/min. 

• Public receptors will exist at the site boundary every hour of every day for 35 years 
• Enough moisture will exist to create humid environmental conditions for gas generation 
• A full repository of waste exists for the duration of the operational/closure phase 
• For occupational exposures, no dispersion takes place from the release of mine air on the 

surface from the exhaust fans to the site boundary 
• The maximum annual average concentration at the WIPP site boundary is the same 

concentration that will be in the atmosphere at every residential receptor within a 10-mile 
radius (no dispersion beyond the site boundary) 

• Public risk to developing excess cancer does not include the probability that the one 
person in one hundred-thousand or the one person in one million is one of the 
27 residences within 10 miles of WIPP 

• Public risk is compared to the upper end of the risk range of 1 x 10-4 to 1 x 1 a6, as in 
determining action levels for corrective action, instead of a reasonable risk for actual 
cleanup. 

Other assumptions that may contribute to the overall uncertainty of the estimates are as follows: 

• The diffusion rate of each VOC through the carbon composite filter is constant 
• The mine ventilation flow rate will remain constant throughout the operational/closure 

phase 
• Carlsbad, NM airport meteorological data represent conditions at WIPP 
• Weighted average drum headspace concentrations of voes represent all waste to be 

disposed of at the WIPP 
• There will be 81,000 drums disposed of in each panel 
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Although the uncertainties in this analysis are not quantifiable, they are far outweighed by the 
conservative assumptions made. The human health risks calculated in this assessment are far 
enough below acceptable levels such that the uncertainties are insignificant. 
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Air Dispersion Modeling 

1.0 SCOPE 

The purpose of this modeling was to determine the Air Dispersion Factor representing 
the maximum concentration of any airborne hazardous constituent at the WIPP unit 
boundary (16-section land withdrawal boundary), which would be released from the mine 
air exhaust system during disposal operations. The main function in this calculation was 
performed using the EPA computer-based Industrial Source Complex Long-Term 
(ISCLT2) air dispersion model Given an arbitrary input of a gas concentration e~ual to 
1,000 µg/m3, the model predicted a maximum ground-level concentration in µg/m . The 
air dispersion factor is defined by the following ratio: 

mazinuun ground-level concentration (µg/m 3) 
Air D~nion Factor = -----------------...;;;,;,,,-

release concentration (JJ.g/m 3) 

2.0 BACKGROUND 

This calculation and model run was performed for the No-Migration Variance Petition 
(NMVP). In the petition, the DOE must demonstrate that there will be no migration of 
hazardous constituents beyond the unit boundary above heath-based levels (HBL). The 
EPA recommends the air pathway be assessed using ISC in its guidance manual for no
migration variance petitioners. For the NMVP, given a concentration of a VOC in air 
released from the mine ventilation exhaust ducts, the air dispersion factor is used to 
determine the resulting maximum concentration at the unit boundary. This 
concentration is then compared to HBu to demonstrate no-migration. 

The EPA guidance on the air pathway assessment has specific requirements related to 
the ISC model run(s) for a NMVP. The model runs should: 

1. estimate annual average concentrations using ISCLT2; 
2. use five years of preferable on-site meteorological data, evaluate one year 

at a time, and use the run that produces the maximum boundary 
concentration; 

3. include receptors up to 100 meters beyond the unit boundary to verify that 
the maximum concentration occurs at the boundary; 

4. include a narrow receptor grid in the maximum concentration area; 
5. use Cartesian receptor grids; 
6. if the source is at ground level, correct for the vertical wind profile; and 
7. specify receptor heights at 1.5 meters (inhalation height). 
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Although the WIPP facility has an on-site meteorological monitoring program, the wind 
speed and direction data recorded under that program for the last five years do not meet 
EPA guidance for completeness (90% ). The data only represent approximately 50% of 
the past five years. For this reason, these model runs included meteorological data from 
the Carlsbad, New Mexico, National Weather Service (NWS) Station at the Carlsbad 
Municipal Airport. The environmental conditions at the Carlsbad airport are similar to 
those at the WIPP facility, which is located approximately 30 miles east/southeast of the 
airport. Data from this station are based on hourly observations, 24 hours-a-day, and it 
is the closest NWS station to the WIPP site. Windroses for Carlsbad from 1990 to 1994 
are included in Attachment B. For facility location and area topography, see Figure 2-16 
in Chapter 2 of the petition and Attachment C of this appendix. 

3.0 MODEL INPUT PARAMETERS 

3.1 General 

The ISCLT2 model is a FOR1RAN computer program that requires an 
input file with parameters for the model run. The input file makes use of 
a keyword/parameter approach. The keywords specify the type of option 
or input data being entered on each line of the input file, and the 
parameters following the keyword define the specific options selected or 
the actual input data. The input file is divided into five functional 
"pathways". The pathway ID and description are as follows: 

CO - for specifying overall job COntrol options; 
SO - for specifying SOurce information; 
RE - for specifying REceptor information; 
ME - for specifying MEteorology information; and 
OU - for specifying OUtput options. 

The input parameters desc:n"bed below are the only ones applicable to this 
model run. Also note that all parameter values are expressed in .SI units 
unless otherwise specified. 

3.2 Model Control Options 

3.2.1 nn..EONE and TITIEIWO - used to specify a title for the model 
run 

32.2 MODELOPr - CONC specifies an output in concentration of a gas 
per unit volume of air, and RURAL specifies the facility is in a 
rural area. 

3.2.3 A VER11ME - time interval for averaging long-term concentrations 
3.2.4 POILUTID - name or other identifier of the pollutant modeled 
3.2.S 1ERRHGTS - elevation differences between source and receptors 
3.2.6 ELEVUNIT - elevation unit 
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3.2. 7 F1.AGPOLE - height of concentration from ground-level 

3.3 Source Information 

3.3.1 LOCATION - coordinates for each source 
3.3.2 SRCP ARAM - source parameters, such as emission rate 

(mass/time), stack height, stack temperature, exit velocity, and 
equivalent stack diameter 

3.3.3 Stack Tip Downwash and Building Wake - ISC incorporates the 
effects of wind turbulence at the exit of the stack (exhaust duct) and 
near other buildings around the stack. Data representing the 
buildings and structures around the stack are required. · 

BUil.DHGT - height of buildings near the exhaust stack 
BUil.DWID - apparent width of buildings near the exhaust stack 

3.4 Receptor Information 

3.4.1 GRIDCART- Cartesian coordinates of a grid of receptors 
3.4.2 DISCCART- Cartesian coordinates of discrete receptors 

35 Meteorological Information 

35.1 INPUTFil... - directory and filename containing STAR data 
35.2 ANEMHGHT - height of the anemometer 
35.3 SURFDATA- surface meteorological station number, year data 

represents, and a name for the information 
35.4 UAIRDATA- upper air meteorological station number, year data 

represents, and a name for the information 
355 STARDATA- time interval STAR data represents 
35.6 A VESPEED - median values of wind speed categories represented 

in the STAR data 
35.1 AVETEMPS - time interval, and average temperature for each wind 

speed category 
35.8 A VEMIXIIT - time interval, average mbing height for each wind 

speed category and each stability class 
35.9 DlHETADZ - vertical temperature gradients for each wind speed 

category and each stability class 

3.6 Output Options 

3.6.1 RECTABLE - print a receptor concentration table 
3.6.2 MAXT ABLE - print maximum ground-level concentrations for the 

number specified 

ADii 4 
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4.0 INPUT PARA.METERS 

4.1 Model Control Options (most are self-explanatory) 

4.1.1 TERRHGTS - ELEV, use elevations for complex terrain as 
indicated on topographic maps provided in Attachment C 

4.1.2 ELEVUNIT - units are in feet to correspond to USGS maps 

4.2 Source Information 

4.2.1 LOCATION - the center of the outer edge of the exhaust fan 
discharge duct of one main fan represents the origin (0,0) for all 
other coordinates. The other fan discharge coordinate is 7.2 meters 
north of the origin. 

4.2.2 SRCP ARAM 

4.2.2.1 

4.2.2.2 

4.2.2.3 
4.2.2.4 
4.2.2.S 

the "stack" in this case is the exhaust fan discharge 
duct, which is rectangular 

the emission rate is calculated assuming that 1000 
µg/m3 (0.001 g/m3) of any gas is released from 
425,000 ft3 /min of air. 

air nka.tt rate • (425,000ft'/miD).z(l•'f35.32ft')z(lmin/60 •) 

- 200.6 •'fl 

aUaion rate • (0.001 11•'> % (100.3 •'fl> • 0.1 "' 

stack height = 8.2 meters 
stack temperature = 288 Kelvin 
Since the exhaust fans actually emit the mine air at 
approximately a 45° angle, the vector equivalent 
velocity is input as (velocity) x (SIN 45°): 

ADlll 
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4.2.2.6 stlldaitano • (171in) z (130ill) z (m2/1S49.4in2) • 14.93m2 

4.2.3 BunDHGT and BUilDWID 

Apparent width is the width of a structure perpendicular to the 16 
evenly-spaced sectors around the stack (Figure 1). For example, the 
apparent width of Building 413 in the northwest direction is 
8.8 meters. 

I 
I 

I 
I 

I 
I 

I 
I 
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, 
, , , 

, , 
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Figure 1 - 16 Evenly-Spaced Sectors and Buildings around the Staclc 

43 Receptor Information 

43.1 Receptor Grid 

43.1.1 Coarse Receptor Grid 

To characterize the concentrations of hazardous constituents 
released from the exhaust ducts, a coarse grid was used first 
to determine where the highest concentrations would occur 
up to 100 meters beyond the unit boundary (sec Figure 2). 
The model was run five times (~e Attachment A) with a 

ADlll 
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12 
7 

13 
111 

coarse grid to determine the year that yielded the highest 
concentration. Data from 1991 yielded the highest 
concentrations and was used in the remaining model runs. 
The ISC model limits the number of total receptors to 500, 
so the grid was set at 400m by 400m. Flagpole height 
(inhalation) is 1.Sm. 

II 

111 
1 15 

21 
22 23 .. 

H-+--+---J---1-~~+--I~·~~ ~'"-oH--+---+-t-+--+--+---+-++I ii ~ I I) 

311 
33 3" / 

, 3 

Figure 2 • Coarse Receptor Grid 
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4.3.1.2 Discrete Receptors 

In addition to grid receptors, discrete receptors on the unit 
boundary are analyzed because the meteorological data is 
represented in 16 wind directions from the sources. As 
shown in Figure 3, drawing sttaight lines from the origin 
(exhaust fan) in 16 equally spaced directions (225° apart), 
the coordinates for receptors are defined at the point where 
the 16 lines intersect the boundary. The discrete receptors 
were included in the five original runs mentioned in 
section 4.3.1.1. 

Figure 3 - Discrete Receptors on the WIPP Unit Boundary 
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4.3.1.3 Medium Receptor Crict 

The maximum concentrations from the coarse and discrete receptor 
grid model runs were north of the exhaust fan. A medium grid 
(2Sm x SOm) was defined in that area from the unit boundary north, 
100 meters (see Figure 4). 

4.3.1.4 

8 

w 1 PP SI te .lloun 

16 
17 

Figure 4 - Medium Receptor Grid 

Fine Receptor Grid 

The maximum concentrations from the medium receptor grid 
model run were between sections 15 and 9 in the medium 
area. A fine grid (Sm x Sm) was defined in that area from 
the unit boundary north, 120 meters (see Figure 5). 

9 

Figure S - Fine Receptor Grid 
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4.4 Meteorological Information 

INPU1FIL - ST AR file consisting of the normal frequency distribution of 
wind speed and wind direction, grouped by stability class. 
The data used in these model runs is from the Carlsbad, New 
Mexico, Municipal Airport NWS Station. 

ANEMHGHT
SURFDATA
UAIRDATA
STARDATA
AVESPEED
AVETEMPS
AVEMIXHT-

DTiiETADZ-

45 Output Options 

MAXTABLE-

self-explanatory 
self-explanatory 
self-explanatory 
self-explanatory 
self-explanatory 
288 Kelvin for each stability class 
1,435 meters for each stability class and each wind 
speed category 
0.01° - stability class E, 0.03° - stability class F 

print the top 10 maximum ground-level concentrations 
and associated receptor coordinate and type 

S.O AIR DISPERSION FACTOR 

The output list files of the seven model runs are provided in Attachment A The 
model runs utilize a STAR file from meteorological data recorded at the 
Carlsbad, New Mexico, Municipal Airport NWS Station from 1990 to 1994. 

The maximum concentration {1.5 meters above ground) was estimated at 
0.107 µg/m3

, from a 1000 µg/m3 source on the unit boundary in section 16 
(Figure 6). 

Air ~man Fai:tor = O.l07 µg/rn
3 

= 0.000107 
1000 Jl.g/111 3 

In conclusion, any concentration of a gas released from the exhaust ducts can be 
multiplied by this factor to determine the maximum annual average concentration 
at the unit boundary. 

~10 
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25 

1 

Figure 6 - Estimated Concentrations from a Hypothetical 1000 µ,g/m3 Source Concentration (µ,g/rr· " 
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ISCLT2 - CDAtED 93109) 

IJIH-rc V!llSIOIC 2.13 ISCLT2 
CC> CO!'!llIGBT 1H2, mDITY COICSULTAllTS, DC. 
SlllIAL 1ltHSEll 9711 SOLD to W!STilfGBCUSE EL!CTJUC alRl' 

Run le&Cl OD 4/11/1995 at 11:44:44 

CO STAllTIBG 
CO TITL!OIE ll6ZDUt a.can&rim £%DZ Wil'P srn;.,..,... (1'90 lllllt.. DU.a) 

CO TITL!'l'WO Couse a.9J*.or Grid (40Clll Z 400.)/1000 ll&lm*3 Saane Cmc. 
CO tlJD!LOPT COltC IWRAL 
CO AVEll?IH! ADUAL 
co l'OLLUTm ltlf'l 
co T!IRBGTS !UV 
CO ELE'IUHIT F!!T 
CO FLAG!OLE 1.500000 
co RURaRltOT 1WR 
CO FI1'ISB!D 
SO STARTIIG 
SO LOCATIOIC 1 1'0IRT 0.00 0.00 1039.37 
SO SRCPARAH 1 0.100000 8.20 288.80 4.6598 
SO LCCATIOR 2 1'0IRT 0.00 7.20 1039.37 
SO SRCPARAH 2 0.100000 8.20 288.80 4.6598 
SO IUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO IUILDBGT 1 0.00 3.80 0.00 10.40 0.00 
SO IUILDBGT 1 0.00 6.10 6.10 6.10 
SO IUILDWID 1 2.35 0.00 0.00 0.00 
SO IUILDWID 1 0.00 1.35 0.00 2.83 
SO IUILDWID 1 0.00 8.88 9.85 13.20 
SO IUILDllGT 2 3.50 0.00 0.00 0.00 
SO IUILDBGT 2 0.00 3.80 0.00 10.40 
SO IUILDBGT 2 0.00 6.10 6.10 6.10 
SO IUILDWID 2· 1.09 0.00 0.00 0.00 
SO IUILDWID 2 0.00 1.35 0.00 2.83 
so IUILDWID 2 0.00 a.ea 9.85 13.20 
SO DaSURIT 1000000.000000 GRAHS/SIC MICRCGIWIS/MM3 
SO SllCGRCUP ALL 
SO FIRISB!D 
IE STARTING 

STA 

0.00 
0.00 

0.00 
o.oo 

o.oo 
o.oo 

4.400 

4.400 
o.oo 
0.00 

o.oo 
0.00 

0.00 
0.00 

0.00 
0.00 

RE GRIDCART COAltS! 
IE GRIDCART COAltS! 
IE GRIDCART CXWISE 
IE GRIDCART COARSE 
RE GRIDCART COAltS! 
IE GRIDCAllT COAltS! 
RE GRIDCART COARSE 
RE GRIDCART COAltS! 
IE GRIDCART COARSE 
IE GRIDCAllT COARSE 
IE GRIDCART COARSE 
IE GRIDCART COARSE 
IE GRIDCAJa COARSE 
IE GIUDCAllT COAltS! 
IE GRIDCAllT COARSE 
IE GRIDCAJl.T COAISE 
IE GRIDC*" COAISE 
IE CilIDCOT COARSE 
IE GRIDCART COARSE 
IE GRIDC•PT COAllSI 
II GRIDCART COAllSI 
IE GRIDCAP! COAISE 
IE GRIDCAP! COAllSI 
II GRillCAPT COAISE 
II CilIDC*PT COAllSI 
II GRIDCART COAISE 
11 GRIDCQT COAPSI 
PE Gll!IC"AIT COAPSI 
II GRillCAPT COAPSI 
II CilIDCAPT COAllSI 

XYI1'C -3289.53 18 400.00 -3569.81 18 400.00 
ELEV 1 3300.00 3310.01 3320.01 3320.01 
!UV 1 3329.99 3329.99 3329.99 3329.99 
!UV 1 3329.99 3339.99 3360.01 3370.01 
!LEV 1 3389.99 3410.01 3429.99 3429.99 
!LEV 1 3420.01 3420.01 
!LEV 2 3310.01 3310.01 
!LEV 2 3329.99 3339.99 
!LEV 2 3339.99 3360.01 
!LEV 2 3400.00 3420.01 
!LEV 2 3429.99 3440.03 
!LEV 3 3310.01 3320.01 
!LEV 3 3329.99 3339.99 
ELEV 3 3370.01 3370.01 
ELEV 3 3410.01 3430.02 
!LEV 3 3429.99 3429.99 
!LEV 4 3320.01 3320.01 
!LEV 4 3339.99 3339.99 
!LEV 4 3370.01 3379.99 
ELEV 4 3429.99 3450.00 
ELEV 4 3429.99 3439.99 
ELEV 5 3320.01 3320.01 
ELEV 5 3339.99 3350.00 
ELEV 5 3370.01 3400.00 
!LEV 5 3460.01 3460.01 
ELEV 5 3450.00 3460.01 
ELEV 6 3339.99 3329.99 
ELEV 6 3350.00 3350.00 
ELEV 6 3379.99 3400.00 

3320.01 
3339.99 
3370.01 
3460.01 

3330.02 
3350.00 
3319.99 
3450.00 

3329.99 
3339.99 
3379.99 
3439.99 

3329.99 
3350.00 
3400.00 
3439.99 

3329.H 3329.99 
3350.00 3360.01 
3400.00 3410.01 
3439.H 3450.00 

3339.99 
3350.00 
3410.01 
3450.00 

3339.99 
3360.01 
3420.01 
3439.99 

3339.99 3339.99 
3360.01 3370.01 
3410.01 3439.99 
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I! GRTDCART COAIS! ELEV 6 3460.01 3460.01 3460.01 3460.01 
1lmc:at COAIS! ELEV 6 3460.01 3470.01 
ltillCART COAIS! ELEV 7 3350.00 3339.tt 3339.tt 3350.00 
lrTDCART CCWISI ELEV 7 3350.00 3360.01 3370.01 3379.99 

,,. GRTDCART COAU! ELEV 7 3389.99 3400.00 3410.01 3439.99 
RE GIIllCART COAIS! ELEV 7 3470.01 3470.01 3470.01 3479.tt 
IE GRIDCA1lT COAIS! ELEV 7 3419.99 3500.00 
RE GRTDCAIT CCWISI ELEV I 3360.01 3350.00 3360.01 3360.01 
IE lmmc:ART COAIS! ELEV I 3360.01 3360.01 3379.99 3319.99 
RE CllIDCART COA1S! ELEV I 3400.00 3410.01 3420.01 3439.99 
RE GRIDCA1lT COAIS! ELEV I 3470.01 3479.99 3419.99 3500.00 
I! GRIDCA1lT COAIS! ELEV I 3510.01 3520.01 
I! GIWICART COAIS! ELEV 9 3379.99 3370.01 3370.01 3370.01 
I! GRIDCA1lT COAISE !LIV 9 3379.99 3379.99 3379.99 3319.99 
IE GRIDCART. COAIS! !LIV 9 3400.00 3410.01 3429.99 3450.00 
IE GRIDCA1lT COAIS! !LIV 9 3470.01 3500.00 3510.01 3520.01 
IE GIIllCART COAIS! !LIV 9 3529.99 3550.00 
I! GRIDCAllT COAISE !LIV 10 3400.00 3400.00 3400.00 3319.99 
IE Gl!JDl".AJlT CCWISI ELEV 10 3319.99 3319.99 3319.99 3400.00 
IE Cillmc:ART COARSE !LIV 10 3410.01 3420.01 3429.tt 3450.00 
IE GRIDCART COAIS! !LIV 10 3470.01 3500.00 3510.01 3529.99 
IE GllIDCAllT COAIS! ELEV 10 3539.99 3550.00 
IE GllIDCART COAIS! ELEV 11 3400.00 3400.00 3410.01 3410.01 
IE GIWICAR'1' COARSE ELEV 11 3410.01 3410.01 3410.01 3420.01 
IE GllIDCAllT COARSE ELEV 11 3420.01 3420.01 3439.99 3460.01 
IE GllIDCAllT COARSE ELEV 11 3479.99 3510.01 3510.01 3529.99 
IE GRIDCA1lT COARSE ELEV 11 3539.99 3539.tt 
IE CIUDCART COARSE ELEV 12 3319.99 3400.00 3410.01 3410.01 
IE GllIDCAllT COARSE ELEV 12 3410.01 3410.01 3420.01 3429.99 
IE GllIDCAllT COARSE ELEV 12 3439.99 3439.99 3439.99 3460.01 
IE GllIDCAllT COARSE ELEV 12 3479.99 3500.00 3500.00 3510.01 
IE GIWICAR'1' COARSE ELEV 12 3520.01 3529.99 
IE GllIDCAllT COARSE ELEV 13 3379.99 3379.99 3400.00 3400.00 
RE CIUDCAllT COARSE ELEV 13 3400.00 3420.01 3420.01 3429.99 
IE CIUDCAllT COARSE ELEV 13 3460.01 3460.01 3460.01 3470.01 

'ilIDCAllT COARSE !LIV 13 3419.99 3500.00 3419.99 3500.00 
ilIDCAll COARSE !LIV 13 3500.00 3510.01 
mDCAllT COARSE ELEV 14 3370.01 3379.99 3319.99 3319.99 

. GIWICAR'1' COARSE ELEV 14 3400.00 3410.01 3420.01 3439.99 
Hf GRIDCAllT COARSE ELEV 14 3460.01 3460.01 3470.01 3470.01 
RE GRIDCAllT COARSE ELEV 14 3479.99 3479.99 3479.99 3419.99 
IE GRIDCAllT COARSE ELEV 14 3419.99 3500.00 
IE CIUDCAllT COARSE ELEV 15 3360.01 3370.01 3370.01 3379.99 
RE CIUDCART COARSE ELEV 15 3319.99 3400.00 3410.01 3429.99 
RE GRIDCAllT COARSE ELEV 15 3450.00 3460.01 3460.01 3460.01 
RE GRIDCARt COARSE ELEV 15 3470.01 3470.01 3470.01 3479.99 
RE GRIDCA1lT COARSE !LIV 15 3500.00 3510.01 
IE GRIDCAllT COARSE ELEV 16 3350.00 3350.00 3370.01 3379.tt 
RE GRIDCART COARSE ELEV 16 3319.tt 3319.99 3400.00 3429.99 
RE GRIDCA1lT COAIS! ELEV 16 3439.99 3460.01 3450.00 3450.00 
IE GRIDCA1lT COARSE ELEV 16 3450.00 3460.01 3470.01 3419.99 
RE GRIDCARt COARSE ELEV 16 3500.00 3510.01 
IE GRIDCART COARSE ELEV 17 3339.99 3350.00 3360.01 3370.01 
RE GRIDCA1lT COAISE ELEV 17 3379.tt 3319.tt 3400.00 3410.01 
RE GRIDCART COARSE ELEV 17 3429.99 3429.99 3429.99 3439.99 
RE GRIDCA1lT COARS! ELEV 17 3450.00 3460.01 3470.01 3419.99 
IE GRIDCAJlT COARSI ELEV 17 3510.01 3520.01 
RE GRIDCA1lT COAIS! ELEV 11 3339.tt 3350.00 3360.01 3370.01 
IE GRIDCAllT COARSE !LIV 11 3379.tt 3319.tt 3319.99 3400.00 
RE GRlDCAllT CXWtS! ELEV 11 3410.01 3420.01 3429.99 3439.99 
I! GRIDCAJtr COARS! ELEV 11 3450.00 3460.01 3479.99 3419.99 
I! GRIDCAllT COARS! ELEV 11 3500.00 3510.01 
1l! GRIDCA1lT COARS! FLAG 1 1.50 1.50 1.50 1.50 
I! GRIDCAIT COA1S! FLAG 1 1.50 1.50 1.50 1.50 
I! GIWICART COAIS! PUG 1 1.50 1.50 1.50 1.50 
IE lmTDCAIT COAIS! FLAG 1 1.50 1.50 1.50 1.50 
I! CllIDCART COAIS! FLAG 1 1.50 1.50 
IE cmmc:ur CQAJtSE FLAG 2 1.50 1.50 1.50 1.50 
IE cmmc:AJT COA1S! FLAG 2 1.50 1.50 1.50 1.50 

11'IDCAJT COAIS! FLAG 2 1.50 1.50 1.50 1.50 
amc:ART COAIS! FLAG 2 1.50 1.50 1.50 1.50 
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U GRIDCAR.T COARSE FLAG 2 1.50 1.50 
IE GIWICAllT COABSE FLAG 3 1.50 1.50 1.50 1.50 
IE GIIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50 
IE GRIJX:AJlt COARSE FLAG 3 1.50 1.50 1.50 1.50 
IE GRIDCAllt COARSE FLAG 3 1.50 1.50 1.50 1.50 
IE GIWICAllT COABSE FLAG 3 1.50 1.50 
IE GRIDCAllt COARSE FLAG 4 1.50 1.50 1.50 1.50 
IE GRIDCAR.T COARSE FLAG 4 1.50 1.50 1.50 1.50 
llE GRIDCAR.T COARSE FLAG 4 1.50 1.50 1.50 1.50 
llE GRIDCAll'f COARSE FLAG 4 1.50 1.50 1.50 1.50 
IE GRIDCAR.T COARSE FLAG 4 1.50 1.50 
IE GIWICAllT COARSE FLAG 5 1.50 1.50 1.50 1.50 
IE GRIDCAR'l COARSE FLAG 5 1.50 1.50 1.50 1.50 
ll GilW>CAllT COARSE FLAG 5 1.50 1.50 1.50 1.50 
ll GilW>CAllT COARSE FLAG 5 1.50 1.50 1.50 1.50 
RE GllIDCAllt COARS! FLAG 5 1.50 1.50 
U GIWICAllT COARS! FLAG 6 1.50 1.50 1.50 1.50 
ll GIWICAllT COAltS! FLAG 6 1.50 1.50 1.50 1.50 
IE GRIDCAR.T COARSE FLAG 6 1.50 1.50 1.50 1.50 
ll GilW>CAllT COARS! FLAG 6 1.50 1.50 1.50 1.50 
U GRIDCAll'f COARSE FLAG 6 1.50 1.50 
RE GRIDCART COAltS! FLAG 7 1.50 1.50 1.50 1.50 
RE GIWICAllT CXIARS! FLAG 7 1.50 1.50 1.50 1.50 
ll GllIDCAR.T COAltS! FLAG 7 1.50 1.50 1.50 1.50 
RE GRIDCAllt COARSE FLAG 7 1.50 1.50 1.50 1.50 
ll GIWICAllT COAUE FLAG 7 1.50 1.50 
u GilW>CAllT COAU! FLAG e 1.50 1.50 1.50 1.50 
U GRIDCAR.T COARSE FLAG e 1.50 1.50 1.50 1.50 
U GIWICAllT COAltS! FLAG e 1.50 1.50 1.50 1.50 
ll GIWICAllT COAltS! FLAG 8 1.50 1.50 1.50 1.50 
IE GRIDCAllt COARSE FLAG e 1.50 1.50 
IE GIWICAllT COARSE FLAG 9 1.50 1.50 1.50 1.50 
IE GRIDCAR.T COAltS! FLAG 9 1.50 1.50 1.50 1.50 
RE GRIDCAR.T COAltS! FLAG 9 1.50 1.50 1.50 1.50 
ll GIWICAllT COARSE FLAG 9 1.50 1.50 1.50 1.50 
IE GIWICAllT COARSE FLAG 9 1.50 1.50 
RE·GIWICAllT COARS! FLAG 10 1.50 1.50 1.50 1.50 
IE GRIDCAR.T COARSE FLAG 10 1.50 1.50 1.50 1.50 
RE GRIDCAllt COARS! FLAG 10 1.50 1.50 1.50 1.50 
RE GRIDCAR.T COARSE FLAG 10 1.50 1.50 1.50 1.50 

,..,., ~' 

RE GRIDCAllT COARSE FLAG 10 1.50 1.50 
IE GRIDCAR.T COARSE FLAG 11 1.50 1.50 1.50 1.50 
RE GRIDCAR.T COARSE FLAG 11 1.50 1.!50 1.!50 1.!50 
RE GRIDCAR.T COARSE FLAG 11 1.!50 1.!50 1.50 1.50 
IE GRIDCAR.T COARS! FLAG 11 1.!50 1.!50 1.!50 1.!50 
U GRIDCAR.T COARSE FLAG 11 1.50 1.!50 
RE GRIDCAR.T COARSE FLAG 12 1.!50 1.50 1.50 1.!50 
IE GRIDCAR.T COARSE FLAG 12 1.!50 1.!50 1.50 1.!50 
I! GllIDCAJlT COARSE FLAG 12 1.!50 1.50 1.!50 1.50 
RE GRIDCAR.T COARSE FLAG 12 1.50 1.!50 1.50 1.50 
RE GRIDCAR.T COARS! FLAG 12 1.!50 1.50 
ll GIWICAllT COAISE FLAG 13 1.!50 1.50 1.50 1.50 
RE GRIDCAR.T COAISE FLAG 13 1.!50 1.!50 1.50 1.!50 
IE GRIDCAllt COAISE FLAG 13 1.!50 1.50 1.50 1.!50 
RE GRIDCAR.T COAISE FLAG 13 1.!50 1.50 1.!50 l.!50 
RE GRIDCAllT COAISE FLAG 13 1.!50 1.50 
RE GRIDCAllT COAISE FLAG 14 1.!50 1.50 1.!50 1.50 
IE GRIDCAR.T COAISE FLAG 14 1.!50 1.50 1.!50 1.50 
ll GRIDCAR.T COAISE FLAG 14 1.50 1.50 1.!50 l.!50 
RE GRIDCAR.T COAISE FLAG 14 1.50 1.50 1.!50 1.!50 
RE GRIDCAllT COAISE FLAG 14 1.!50 1.!50 
RE GRIDCART COAISE FLAG 1!1 1.!50 1.50 1.50 1.50 
RE GRIDCAJlT COAISE FLAG 1!1 1.50 1.!50 1.50 1.50 
RE GRIDCAJlT COAISE FLAG 1!1 1.50 1.50 1.50 1.50 
RE GRIDCAJlT COAISE FLAG 1!5 1.50 1.50 1.50 1.50 
RE GRIDCAJl1' COAIS! FLAG 1!1 1.50 1.50 
RE GRIDCAllT COAIS! FLAG 16 1.50 1.!50 1.!50 1.!50 
IE GRIDCAR.T COARSE FLAG 16 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 1' 1.50 1.50 1.50 1.50 
IE GRIDCAJlT COAIS! FLAG 16 1.50 1.50 1.50 1.50 
IE GRIDCAJl1' CQAISI FLAG 16 1.!50 1.50 

ADll-18 



Air Dispersion Modeling 

.... GRIDCAJlT COARSE FLAG 17 
amcm COARSE FLAG 17 
1WICAJlT COARSE FLAG 17 

8TTICAIT COARSE FLAG 17 
· ltf· GRIDCART COARSE FLAG 17 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE FLAG 18 
IE GRIDCART COARSE FLAG 18 
IE GRIDCART COARSE FLAG 18 
IE GRIDCART COARSE DD 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

RE DISCCAllT 0.00 2980.24 3420.01 1.50 
IE DISCCART 1236.45 2915.05 3439.99 1.50 
RE DISCCAllT 2991.11 2991.11 3500.00 1.50 
RE DISCCART 3233.75 1339.46 3500.00 1.50 
RE DISCCAllT 3239.75 0.00 3539.99 1.50 
RE DISCCAllT 3245.78 -1344.45 3479.99 1.50 
RE DISCCART 3254.34 -3254.34 3420.01 1.50 
RE DISCCAJlT 1430.39 -3453.24 3400.00 1.50 
RE DISCCART 0.00 -3451.37 3339.99 1.50 

1.50 
1.50 
1.50 
1.50 
1 . .50 
1 • .50 
1.50 
1 • .50 
1.50 
1.50 

RE DISCCAJlT -1434.65 -3463.51 3300.00 1.50 
RE DISCCAllT -3190.77 -3190.77 3310.01 1.50 
RE DISCCAllT -3199.06 -1325.09 3339.99 1.50 
RE DISCCAJlT -3204.94 0.00 3339.99 1.50 
RE DISCCAllT -3210.15 1329.98 3379.99 1.50 
RE DISCCART -2968.68 2968.68 3350.00 1.50 
RE DISCCAllT -1232.47 2975.44 3900.00 1.50 
RE FI1'ISBED 
HE STARTIE 
HE IJIPUTFIL C:\tl)l)!LS\HET\CBD90.STll C7X,6F7.5) 
HE ABDllGllT 10.000 M!TIRS 
HE SURFDATA 11111 1990 CARLSBAD 
HE UAIRDA'fA 11111 1990 
HE STARDATA ARRUAL 

1 • .50 
1.50 
1.50 
1.50 

1 . .50 
1.50 
1.50 
1.50 

..-: AVISl'EED .1.00 2.25 4.05 6.55 9.25 12.50 

1.50 
1 . .50 
1.50 
1 . .50 

1 . .50 
1 • .50 
1.50 
1.50 

\VETIHPS ARRUAL 211.10 211.10 211.10 211.10 211.10 211.10 
l'VIMIXBT ARRUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 

AVIMIXBT ARRUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
.!IE. AVIMIXBT ARRUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIMIXBT ARRUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIMIXBT ARRUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARRUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE DTBETADZ A 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ B 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ E 0.01 0.01 0.01 0.01 0.01 0.01 
HE DTBETADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
HE FIRISB!D 
OU STARTIJIG 
OU llECTABLE SllCGR.P 
OU HAXTABLE 10 SllCGR.P 
OU PLOTFILE ARRUAL ALL C:\K:l>!LS\IMVPA090.GIB 70 
OU FIRISB!D 

................................... 
••• SETUP Fini•h•• Succ•••full.y ... .................................... 



Air Dispersion Modeling 

-• ISCLT2 - VEllSIOll 93109 *** *** MAXD«M CClllC!iitilATIClt A'l Tl:E NIPP SrlE llOUllD4Y C1990 Met.. Dat.a) 
•-Coar•• Racapt.or Grid (400. X 400.)/1000 ,,.1.·3 Source Cone. 

-• tl>DELIIG O!TIOllS USED: CORC 1W11AL ELEV FLGl'OL 

-- --- - - - - --- - - - - -- - - -
**Hodel Ia Sat.up For Calculat.ion of A-raa• CCllCenuat.ion ValuH. 

**Hodel U••• RURAL Diaparaion. 

*9Hodal U••• Uaar-Bpacifiad Opt.iona: 
1. Pinal !l- IU.H. 
2. St.ack-t.ip Downwaah. 
3. luoyancy-inducad Diaperaion. 
4. Dafault. Wind !roUla Zzponent.a. 
S. UHr-Spacifiad Vart.ical 1ot.mt.ial T..-rat.ura Gradimt.a. 

*9Hodal Accept.a Jlacapt.ora on ELEV Terrain. 

*"Modal Accept.a FI.AG1"0L! R•c•pt.or B•iabt.a. 

*9Hodal Calculat.H 1 STAil A-raa•<•> for t.ba Pol.lowiD& Hont.ba: 
S.aaona/Quart.ara: 

Cid AmNal: 

**Dat.a Pila Include• 1 STAil s...ariea for t.ba Fol.lowilla Hont.ba: 
Saaaona/Quart.ara: 

Cid AmNal: 

**Thia Jlun Include•: 2 Source( a); 1 Sourca Group<•>: Cid 

-Tb• Modal AH-• A Pollut.ant. '1'Jpa of: All! 

*"Modal Sat. To Cont.inu• RU1'nina Aft.er t.b• Sat.up THt.in&. 

**Out.put. Opt.ion• Salact.ad: 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

340 Jlacapt.or<•> 

Hodel Out.put.a Tal1lH of Lona Tam Val.Ilea b7 Jlacapt.or (JllCTAll.! X.,.Ord) 
Hodel Out.put.a Tal1lH of Haz1- Lona Tam Val.Ilea (MAITAILI X.,.Ord) 
Modal Out.put.a !zt.amal Fil•<•> of Lona Tam Valuaa for !lot.t.iD& (1'L0'1'1Il.l X.,.Ord) 

'"Hiac. Input.a: An•. Hgt.. (m) • 10.00 ; Dec.,. Coaf. • 
EmiHion Unit.a • GRAMS/SEC 

.0000 ; Rot.. Allll• • . 0 
; 1.miaaian lat.a Unit Fact.or • 

Output Unit.a • HICllDGRNG/M**3 

••• 
• •• 

.10000!+07 

**Input Jlunat.raam Pila: C:\tllD!LS\..v!A090.DAT **Output. !rint. Pila: C:\tllDELS\..v!A090.LST 

04/11/95 
11:44:47 
!AGE 1,"'" 



Air Dispersion Modeling 

-• ISCI.n - VERSICll 93109 ... ... MAXItllt cmcmmtATIOI A'! m WI1P SIT! ICIUllDARY (1990 Met. Data) 
... Coarse lleceptor Grid (401111 I 401111)/1000 ,,.1m·3 Source Cone. 

* K:IDELDIG OPTICJRS USED: CCIC IUDW. !LIV FLGPQL 

... !OIIT SOUIC! DATA ... 

••• ... 04/11/95 
11:44:47 
PAGE 2 

RUHBER !MISSION RAT! BASE STACl STACl STACl STACK BUILDIRG !MISSION RATE 
SOUJtCE 

ID 
P.AllT. CUS!ll UIITS> 
CATS. 

I Y !LIV. B!IGllT TIMP. EXIT VEL. DIAMETER 
CM!T!RS) CM!T!RS) <METERS> CM!T!RS) CD!G.I:) CH/SEC) <METERS> 

EXISTS SCALAR V.AllY 
BY 

- - - - - - - - -- - - - - - - - - --- ---- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 
2 

0 
0 

.10000!+00 

.lOOOOE+OO 
.0 
.0 

.o 1039.4 
7.2 1039.4 

8.20 288.80 
8.20 288.80 

AIJll.11 

4.66 
4.66 

4.40 
4.40 

YES 
YES 



~r. .Dispersion Modeling 

*** ISCLT2 - VERSION 93109 •- •- twatll4 CClllCllmtATIC»t AT rm: WIPP SITE llCIUIDARY (1990 Me~. Da~a> 
*** CoarH hcept.or Grid (400. X 400.)/1000 ,..1.·3 Source Cone. 

*** KJD!1.l1'G OPTIC»tS USED: CCllC llUIW. !LIV FLG1'0L 

*** SOUIC! ID• D!Fl1'11G SOUllCE GllOU!S -· 

GROUP ID 

ALL 1 • 2 

-· *** 
04/11/95 
11:44:47 
PAGE 3 



Air Dispersion Modeling 

••• ISCLT2 - VERSIOll 93109 ... ... MAXnllt CXllC!llTRATIOll AT TB! WIPP SITE !OUllDARY (1990 Hiit.. Dat.a) ... 04/11/95 
... Coan• Jlecept.or Grid (40CllD X 40CllD)/1000 -'&1•·3 Source Cone. ... 11:44:47 

PAGE 4 
, ta>ELIIG OPTIOlfS US!D: c:mc IWRAL !LIV FLGPOL 

... DDl!CTIOll SPECIFIC BUILDIIG DIHEHSIOllS ••• 

SOURCE ID: 1 
IFV BB JIW WAl IFV BB JIW WAl IFV BB JIW WAI IFV BB JIW WAI 

1 10.4, 2.3, 0 2 .o. • 0, 0 3 .o. .o . 0 4 . o. .o . 0 
s .o. .0, 0 6 .o. . o. 0 7 .0, .o . 0 8 3.8, 1.3, 0 
9 • 0, .o . 0 10 10.4, 2.8, 0 11 .o. .o, 0 12 .o, .o, 0 

13 .o. .o. 0 14 6.1, 8.9, 0 1!1 6.1, 9.9, 0 16 6.1, 13.2, 0 

SOURCE ID: 2 
IFV BB JIW WAl IFV IB ., WAl IFV BB JIW WAl IFV IB JIW WAX 

1 3.!I, 1.1, 0 2 .o. .o. 0 3 .o. .o. 0 4 . o. .o . 0 
!I .0, .o. 0 6 .o. .o. 0 7 .o. .o. 0 8 3.8, 1.3, 0 
9 .0, .o. 0 10 10.4, 2.8, 0 11 .o. .o. 0 12 .o. .o. 0 

13 .o. .0, 0 14 6.1, 8.9, 0 1!1 6.1. 9.9, 0 16 6.1, 13.2, 0 



Air Diapers~· M_~_{;._:?_n..;:; _________________________ _ 

*** ISCLT2 - VERSIOR 93109 **• *** MAXDUt c:mc:zimtATICll AT Tl! Wirl' SIT! ICJUIDAllY <1990 tt.t.. Dat.a) 
*** Coaraa ••capt.or Grid (400. X 400.)/1000 11atm•3 Source Cane. 

•- K>D!LIRG OPTIOHS USED: CORC lWltAL !LEV FLGPOL 

-3289.5, -211119.5, 
710.5, 1110.5, 

-3569.8, -3169.8, 
00.2. 830.2, 

*** DTWCIUC m: COAllS! ; llETWClllC TYPE: GRIDCAllT *** 

-2419.5, 
1510.5, 

-2769.1, 
1230.2, 

*** X·COCIU>nv.TIS OF GRID *** 
<METERS> 

-2019.5, -1689.5, -1219.5, 
1910.5, 2310.5, 2710.5, 

*** Y-cxlCllDDV.T!S OF GRID •-
<METERS> 

-2369.1, -1969.1, -1569.8, 
1630.2, 2030.2, 2430.2, 

-11119.5, 
3110.5, 

-1169.8, 
2830.2, 

-769.8, 
3230.2, 

-89.5, 

-369.8, 

·-

310.5, 

30.2, 

04/11/95 
11:••:•7 
P.AG! ,.,~',,. 



Air Dispersion Modeling 

-• ISCLTZ - V!RSICI 93109 -• - HAXJ!Uf CUICEhlltATICI AT !'II! WIPP SIT! JIOUmWtY C1990 tt.t. Data) ••• 04/11/95 
- Coaraa bcaptor Grid (400m X 401111)/1000 14/m•3 Source Cane. • •• 11:44:47 

PNJF. 6 
I KJDELIIG OPTICIS USED: cmc JllllW. !LIV FLGl'OL 

-• l!TWCIOC m: COARSE ; 1'EnaE TYPE: GRIDCA1lT -

• EL!VATICIR B!IGBTS Ill H!T!RS • 

Y-COORD I X-<XXllD <METERS> 
(HET!RS) -32119.53 -2889.53 -24119.53 -20119.53 -16119.53 -12119 .53 -889.53 -489.53 -89.53 

- - - - - - - - - - - -- - - - - - -- --- - - - - - - - - - - -- - -- - - - - - - - - - - -- - - - ------- ------
3230.19 1018.03 1021.08 1024.13 1027.18 1030.22 1033.27 1033.27 1036.32 1039.37 
2830.19 1018.03 1021.08 1024.13 1027.18 1030.22 1033.27 1036.32 1039.37 1045.46 
2430.19 1021.08 1021.01 1027.18 1030.22 1033.27 1033.27 1036.32 1045.46 1048.51 
2030.19 1024.13 1027.18 1027.18 1030.22 1033.27 1036.32 1039.37 1045.46 1051.56 
1630.19 1027 .18 1030.22 1033.27 1033.27 1036.32 1039.37 1042.42 1048.51 1054.61 
1230.19 1030.22 1030.22 1036.32 1036.32 1036.32 1042.42 1042.42 1045.46 1054.61 
830.19 1033.27 1036.32 1039.37 1039.37 1039.37 1039.37 1042.42 1045.46 1048.51 
430.19 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1042.42 1042.42 
30.19 1036.32 1036.32 1036.32 1033.27 1033.27 1033.27 1033.27 1036.32 1039.37 

-369.81 1030.22 1027.18 1027.18 1027 .18 1030.22 1030.22 1030.22 1033.27 1036.32 
-769.81 1024.13 1021.08 1024.13 1024.13 1024.13 1024.13 1030.22 1033.27 1036.32 

-1169.81 1021.08 1018.03 1018.03 1021.08 1021.08 1024.13 1027.18 1030.22 1033.27 
-1569.81 1018.03 1014.98 1018.03 1018.03 1021.08 1021.08 1024.13 1027.18 1030.22 
-1969.81 1011.94 1011.94 1018.03 1018.03 1018.03 1021.08 1021.08 1024.13 1027 .18 
-2369.81 1011.94 1011.94 1014.98 1014.98 1018.03 1018.03 1021.08 1024.13 1027.18 
-2769.81 1008.89 1011.94 1014.99 1014.98 1014.98 1018.03 1021.08 1021.08 1027.18 
-3169.81 1008.89 1008.89 1011.94 1014.98 1014.98 1018.03 1018.03 1018.03 1018.03 
-3569 .81 1005.84 1008.89 1011.94 1011.94 1014.98 1014.98 1014.98 1014.98 1014.98 



Air Dispersion Modeling 

... ISCLT2 - VERSIOIC 93109 ... 
... Couae .. cept.or Ckid 

... ta:>!LIKG OPTIOICS USED: COllC 1WltAL ELEV FLG1'CL 

... DnaE m: COARSI ; ll!'nUUC TYPE: GlUl>CAllT ... 

* !LEVA1'IOlf B!IGllTS D H!TERS * , 
Y·COORD X-<XICllD CH!TERS > 
(HET!RS) 310.47 710.47 1110.47 1510.47 1910.47 2310.47 - - - - - -- - -- - - - - - - - - - - - - - -- ------- - - - - - - - -
3230.19 1042.42 1045.46 1041.51 1051.56 1054.61 1060.70 
2130.19 1045.46 1045.46 1041.51 1051.56 1054.61 1057.66 
2430.19 1054.61 1051.56 1051.56 1051.56 1054.61 1057 .66 
2030.19 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 
1630.19 1054.61 1057.66 1057.66 1060.70 1060.70 1060.70 
1230.19 1054.61 1054.61 1057.66 1063.75 1066.10 1063.75 
130.19 1041.51 1041.51 1054.61 1060.70 1066.10 1066.10 
430.19 1042.42 1041.51 1054.61 1060.70 1069.15 1069.l!I 
30.19 1042.42 1045.46 1051.56 1057.66 1066.10 1069 .15 

-369.81 1039.37 1045.46 1051.56 1057.66 1066.10 1069.85 
-769.81 1039.37 1042.42 1048.51 1057.66 1060.70 1063.75 

-1169.81 1036.32 1039.37 1041.51 1057.66 1057.66 1057.66 
-1569.81 1036.32 1039.37 1041.51 1054.61 1054.61 1054.61 
-1969.81 1036.32 1039.37 1042.42 1054.61 1054.61 1051.56 
-2369.81 1030.22 1036.32 1039.37 1045.46 1051.56 1048.51 
-2769.81 1027.18 1033.27 1036.32 1039.37 1045.47 1051.56 
-3169.81 1024.13 1027 .18 1030.22 1036.32 1042.42 1054.61 
-3569.81 1018.03 1024.13 1027 .11 1033.27 1039.37 1045.46 

2710.47 

1063.75 
1063.75 
1063.75 
1060.70 
1063.75 
1066.10 
1069.15 
1075.94 
1075.94 
1072.90 
1066.80 
1060.70 
1054.61 
1048.51 
1051.56 
1041.51 
1048.51 
1045.46 

••• 
••• 

3110.47 

04/11/9!1 
11:44:47 
PAGE 7"'',. 

3510.4 7 
- - - - - - - - -- - - ... 

1066.10 1069.U 
1069.15 1072.90 
1066.10 1069.15 
1066.10 1069.15 
1063. 75 1066.10 
1066.10 1069.15 
1072.90 107!1.94 
1071.99 1078.99 
1078.99 1082.04 
1075.94 1082.04 
1069.85 1072.90 
1063.75 1066.80 
1054.61 1057.66 
1051.56 1054.61 
1045.46 1048.51 
1045.46 1045.46 
104!1.46 1048.!ll 
1042.42 1042.42 



Air Dispersion Modeling 

... ISCL'f2 - 'VllSICI 93109 -

• N:JO!LIIG omOIS USED: am: 

Y-COCIU> 

... MAXDllt CUICDIJIATIOR A'! TIE WIPP sm ICUllDARY <1990 Met.. Dat.a) 

... CoarH bceptor Grid (400. I 40Cllll)/1000 14/a•3 Source Cone. 

IDIAL !LIV FLGl'OL 

... l!twCIUC m: COARSE : ~ TYPE: GRIDCAJl'f *** 

* R!C!Ptal FLAGPOLE BEIGBTS II M!TERS * 

1-COCllil <METERS> 
<METERS> I -32119.53 -2189.53 -24119.53 -20119 .53 -1689.53 -1289.53 -889.53 

- - - - - --- - - - - - - -- - - - - -- - - - - -- -- -- ---- - - - -- -- -- - - - - - - - - -
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 l.50 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
30.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.50 l.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

*** 
*** 

-489.53 

04/ll/95 
11:44:47 
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-89.53 
- - - - - - - - -
1.50 1.50 
l.50 1.50 
1.50 l.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
l.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 l.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 



Air Dispersion Modeling 

... ISCLT2 - VDSICIC '3109 - ... HAXIH11t COHCIJCIJtATIOll AT Tl!! WIPP SIT! !OUlllWlY (19'0 Met.. Dat.a) ·- 04/11195 
._ Coaraa Receptor Grid (40Dm X 400.)/1000 o1111m•3 Source Cone. • •• 11:44:47 

PAGE 
.- ta>ELIRG OPTIOIS USID: CCIC lllllAL ELEV FLG1'0L 

-· l!TWClllC m: CDAllSE ; 1'E'nUllC TYPE: GRIDCART ._ 

• IEC!P!m !'LAG1'0L! BEIGBTS I1' H!TZllS * 
Y-CCXIRD I X-cooRD (H!TZllS) 
(H!TERS) 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 - - - - - - - - - - - - - - - - - - --- - -- - - - -- - -- -- - -- - - -- - - - - - - - - - - - - -------
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2930.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.:10 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.:10 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.:10 
830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
30.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 



Air Dispersion Modeling 

••• ISCLT2 - VERSION 93109 *** *** MAIDlll COiiCDiitATICI AT TB! WI1P SIT! llOUllDA1lY (1990 Het. Data) 
*** Coarse Receptor Grid C400m X 400m)/1000 ,,.1.-3 Source Cone. 

•* ta>ELDG OPTIONS USED: all: JUJIAL ELEV FLG!QL 

.o. 2980.2, 1042.4, 
2991.9, 2991.9, 1066.8, 
3239.8, .o. 1079.0, 
3254.3, -3254.3, 1042.4, 

.o. -3458.4, 1011.0, 
-3190.I, -3190.1, 1008.9, 
-3204.9, .0, 1011.0, 
-2968.7, 2968.7, 1021.1, 

*** DISCRETE CART!SIAJ JllCEPTCltS *** 
<X-a:ICIU>, Y-a:ICIU>, ZELEV. ZlUG) 

CM!T!RS) 

1.5); 1236.5, 2985.1, 
1.5); 3233.8, 1339.5, 
1.5); 3245.8, -1344.5, 
1.5); 1430.4, -3453.2, 
1.5); -1434.7, -3463.5, 
1.5); -3199.1, -1325.1, 
1.5); -3210.9, 1330.0, 
1.5); -1232.5, 2975.4, 

1048.5, 1.5); 
1066.8, 1.5); 
1060.7, 1.5); 
1036.3, 1.5); 
1005.8, 1.5): 
1018.0, 1.5); 
1030.2, 1.5); 
1188.7, 1.5); 

*** 
• •• 

04/11/95 
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-Air· Dispersion Modeling 

*** ISCLT2 - V!RSIOll 93109 *** - HAXDU! CClllCElmtAtIClf AT TB! WI!'P SITE IOUllDAll! (1990 Het.. Dat.a) 
•- Coaraa llecept.or Grid (400lll X 40Cllll)/1000 4/a•3 Sourca Cone. 

... ta>!LI1'G OPTIOlfS USED: CXllC URAL !L!V FLGPOL 

STABILITY 
CATEGCllY 

A 
B 
c 
D 
E 
F 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

1 
.70000!•01 
.70000!•01 
.lOOOO!+oO 
.15000E+o0 
.35000E+o0 
.55000E+o0 

1 
.OOOOOE+oO 
.OOOOO!+oO 
.OOOOOE+oO 
.OOOOOE+oO 
.10000!·01 
.30000!·01 

- A'V!RAG! SPEED Fell !ACI WI1D SPEED CADGCBY *** 
(H!TIRS/SIC) 

1.00, 2.25, 4.05, 6.55, 9 .25, 12.50, 

- WI1ID l'llDFIL! D1'\JlifJl1S *** 

WIID SPEED CATEGCllY 
2 

.70000!-01 

.70000!-01 

.lOOOOE+oO 

.15000E+o0 

.35000E+o0 

.55000E+oo 

3 
.70000!-01 
.70000!·01 
.lOOOOE+oO 
.15000E+o0 
.35000E+GO 
.55000E+o0 

4 
.70000!-01 
.70000!•01 
.lOOOOE+oO 
.15000E+GO 
.35000E+GO 
.55000E+o0 

*** V!lltICAL rorfJITIAL DHPDATUR! GRADIERTS -
CDEGll!S DI.VII P!ll METER> 

WIID SPEED CATEGCllY 
2 

.OOOOO!+oO 

.OOOOOE+oO 

.OOOOOE+oO 

.OOOOOE+GO 

.10000!·01 

.30000!-01 

3 
.00000!+00 
.OOOOOE+oO 
.OOOOOE+oO 
.OOOOOE+oO 
.10000!•01 
.30000!-01 

4 
.OOOOO!+oO 
.OOOOOE+oO 
.OOOOOE+GO 
.OOOOOE+oO 
.10000!·01 
.30000!•01 

- A'V!RAG! AHBIDT AD DH1'DA1'UllE (DI.VII) -

5 
.70000!-01 
.70000!-01 
.10000!+00 
.15000E+GO 
.35000E+o0 
.55000E+OO 

5 
.OOOOOE+oO 
.OOOOOE+oO 
.00000!+00 
.OOOOOE+oO 
.lOOOOE-01 
.30000!-01 

STABILITr STABILITY STABILITY STABILITY STABILITY STABILITY 
CATEGCllY A CATEGCllY I CADGlllY C CADGCBY D CATEGCllY E CATEGCRY F 

211.1000 211.1000 211.1000 211.1000 211.1000 218.1000 

-• •• 

6 
.70000!·01 
.70000!·01 
.lOOOOE+oO 
.15000E+o0 
.35000!+00 
.55000E+DO 

6 
.OOOOOE+oO 
.00000!+00 
.OOOOOE+OO 
.OOOOOE+OO 
.lOOOOE-01 
.30000!·01 

04/11/95 
11:44:47 
PAGE 11 



Air Dispersion MOc:lellng 

*** ISCLT2 - V!ISIOI 93109 *** *** MAXIlllf CXINCDIRATIOR A? '1BE WIPP SITE IOURDAJlY (1990 Met. Data) 
*** Coan• boeptor Grid (4011111 X 4011111)/1000 ,..1.·3 Somoe Cone. 

* ta>ELI1'G OPTIORS USED: CXINC mDW. !LEV FLGPOL 

*** AVERAGE HIXIIG LAYER BEIGBT <METERS> *** 

A1'llUAL 
WI1ID SPEED WIID SPEED WIRD SPEED WIRD SPEED WIRD SPEED WI1ID SPEED 
CATIGCllY 1 CATEGCRY 2 CATIGCllY 3 CATEOCaY 4 CATEGORY 5 CATEGORY 6 

STABILITY CATIGCllY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GCRY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGCRY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GCJRY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGCRY ! 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 

*** 
*** 

04/11/95 
11:44:47 
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Air Dtsporslon Modeling 

••• ISCLT2 - VERSION 93109 ••• .... HAXDUf CXMCEllllATIDB AT ti!! NIPP Snl IOUllDARY <1990 Met.. Dat.a) .... 04/11/9' 
.... Coarae a.capt.or Grid (400. X 400.)/1000 1111••3 Source Cane. ·- 11:44:47 

PAGE 1:i·· 

••• K:ID!LiltG OPTIORS USED: CCIC amw. !LEV FLG!'OL 

•- FR!QUDCY OF OCCUllR!llC! OF WIID SP!!D, Dil!CTIDB ARD ST.A!ILITl •-

FILE: C:\llJD!LS\H!T\CIDtO.STa FCRV.T: C7X,6F7 .5) 
SURFACE STATIOR IO.: 11111 U1'1'!R AI1l STATIDB IO. : 11111 

RAHE: CARIDAD RAHE: 1JllCIOWlf 
YEAR: 1990 YEAR: 1990 

.AllUAL: STABILITY CAT!GClll A 

WIRD SPEED WIID SPiii> WIID SPiii> WIRD SPiii> WI1D SPiii> WIRD SPiii> 
CAT!GOllY 1 CATIGCllY 2 CATIGCllY 3 CAT!GCllt 4 CAT!GCllt 5 CATIGCllY 6 

DIR!CTIOR < 1.000 HIS) ( 2.250 H/S) < 4.050 MIS) ( 6.550 HIS) < 9.250 HIS) (12.500 HIS) 
<DEGREES> ----------- ----------- ----------- ----------- ----------- -----------.000 .00064000 .00013000 .00000000 .00000000 .00000000 .00000000 

22.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000 
45.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000 
67.500 .00048000 .00035000 .00000000 .00000000 .00000000 .00000000 
90.000 .00094000 .00095000 .00000000 .00000000 .00000000 .00000000 

112.500 .00057000 .00047000 .00000000 .00000000 .00000000 .00000000 
135.000 .00126000 .00083000 .00000000 .00000000 .00000000 .00000000 
157.500 .00045000 .00059000 .00000000 .00000000 .00000000 .00000000 
180.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000 
202.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000 
225.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000 
247.500 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000 
270.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000 
292.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000 
315.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000 
337.500 .00036000 .00047000 .00000000 .00000000 .00000000 .00000000 

.ADIW.: STAIILITt CADGCllY I 

WIRD SPEED WIRD SPDD WIRD SPDD WIID SPDD WIRD SPEED WIRD SPDD 
CATEGORY 1 CATIGCllY 2 CAT!GCllt 3 CAT!GCllt 4 CAT!IDY 5 CATEGORY 6 

DIRECTIOll ( 1.000 H/S) ( 2.250 HIS) ( 4.050 HIS> < 6.550 HIS) ( 9.250 HIS> (12.500 HIS> 
<DEGREES> ----------- ----------- ----------- ----------- ----------- -----------.ODO .00103000 .00213000 .00119000 .00000000 .00000000 .00000000 

22.500 .00130000 .00213000 .00071000 .00000000 .00000000 .00000000 
45.000 .00083000 .00177000 .00118000 .00000000 .00000000 .00000000 
67 .500 .00118000 .00307000 .00106000 .00000000 .00000000 .00000000 
90.000 .00169000 .00214000 .00130000 .00000000 .00000000 .00000000 

112.500 .00105000 .00402000 .00119000 .00000000 .00000000 .00000000 
135.000 .00116000 .00556000 .00355000 .00000000 .00000000 .00000000 
157.500 .00225000 .00721000 .00343000 .00000000 .00000000 .00000000 
180.000 .00248000 .00520000 .00343000 .00000000 .00000000 .00000000 
202.500 .00039000 .00071000 .00095000 .00000000 .00000000 .00000000 
225.000 .00043000 .00095000 .00012000 .00000000 .00000000 .00000000 
247.500 .00009000 .00059000 .00024000 .00000000 .00000000 .00000000 
270.000 .00035000 .00047000 .00035000 .00000000 .00000000 .00000000 
292.500 .00045000 .00024000 .00024000 .00000000 .00000000 .00000000 
315.000 .00034000 .00130000 .00012000 .00000000 .00000000 .00000000 
337.500 .00071000 .00119000 .00071000 .00000000 .00000000 .00000000 



Air Dlaperalon Modeling 

*** ISCLt2 - VEISICll 93109 *** *** MAXDlll CDIC!ll'DIATICll AT Tl! WIPP sm ICJUllDAllY (1990 Met.. Dat.a) -· 04/ll/95 
*** Coarse Recept.or Grid (400. X 400.)/1000 11&/••3 Source Cone. *** 11:44:47 

PAGE 14 
• K>DELIRG OPTIOllS USED: CCllC JWIW. ELEV FLGPOL 

-• FREQUl1ICY OF OCCUllDCE OF WIID SPEED, Dil!CTICll AID STABILITY *** 

FILE: C:\KJDELS\HET\CBD9D.STR FCIHAT: C7X,IF7.5) 
SURF.ACE STATIOlf ltO.: 11111 UPPD All STATIOlf JO. : 11111 

RAHE: CAIISBAD RAHE: mmrcMI 
YEAR: 1990 YEAR: 1990 

AIWAL: STABILITY CATEGCRY c 

WIRD SPEED WIRD SPEED WillD SPEED WillD SPEED WillD SPEED WIRD SPEED 
CATEGCllY 1 CATEGCaY 2 CA1'IGCRJ 3 CATIGCllt 4 CA1'IGCRJ 5 CATEGCllY I 

DDlECTICll ( 1.000 M/S) ( 2.250 M/S) ( 4.050 M/I) ( 1.550 MIS) ( 9.250 M/S) (12.500 M/S) 
(DEGREES) ----------- ----------- ----------- ----------- ----------- ----------.ODO .ODDIDDDD .DD3HDDO .00111000 .00241000 .00012000 .DDDDDDDO 

22.500 .00035000 .00214000 .00343000 .00059000 .DDDDDDDD .DDDDDOOO 
45.000 .00025000 .00319000 .00111000 .00012000 .00000000 .00000000 
67.500 .00036000 .00296000 .DD13DDDD .DDDDDDDD .DDDDDDDD .DDDDDDDO 
90.000 .00056000 .00390000 .00343000 .DDD71DDD .DDODDDDD .DDDDDDDD 

112.500 .00067000 .D03HDDO .00473000 .00142000 .DDDDDDDD .DDDDDDDD 
135.000 .00029000 .00366000 .01017000 .00355000 .00012000 .DDOODDDO 
157 .500 .00069000 .00556000 .01324000 .00241000 .00035000 .00000000 
180.000 .00040000 .00501000 .01206000 .00214000 .00024000 .DOODDDDO 
202.500 .00034000 .00106000 .00106000 .00071000 .00000000 .00000000 
225.000 .00016000 .00047000 .00047000 .00012000 .00024000 .00000000 
247.500 .00030000 .00059000 .00177000 .00013000 .00071000 .00047000 
270.000 .00047000 .00118000 .00225000 .00213000 .00115000 .00071000 
292.500 .00031000 .00071000 .00083000 .00013000 .00024000 .00000000 
315.000 .00035000 .00111000 .00095000 .00035000 .00000000 .00000000 
337.500 .00033000 .00095000 .00119000 .00059000 .00012000 .00000000 

.ADUAL: STABILITY CATIOCRY D 

WIHD SPEED WIRD SPEED WillD SPEED WIID SPEED WillD SPEED WillD SPEED 
CATEGORY 1 CAT!GCla 2 CATIGCRY 3 CATIGCllY 4 CATIGCllt 5 CATIGCllt I 

DDlECTIOlf C 1.000 M/S) C 2.250 M/S) ( 4.050 M/I) ( 6.550 MIS> ( 9.250 M/I) (12.500 M/1) 
(DEGREES> ----------- ----------- ----------- ---------- ----------- -----------.000 .00043000 .00461000 .00175000 .01572000 .00307000 .00059000 

22.500 .00042000 .00248000 .00402000 .00449000 .00047000 .DDD35DDD 
45.000 .00044000 .00284000 .00496000 .00343000 .00035000 .00012000 
67.500 .00037000 .00177000 .00366000 .00201000 .DDDDODDD .DODOODDD 
90.000 .00058000 .00307000 .DD57tDDD .00496000 .00035000 .00000000 

112.500 .00042000 .00248000 .00603000 .00371000 .00035000 .00000000 
135.000 .00100000 .00556000 .01312000 .01820000 .00201000 .00059000 
157.500 .00073000 .00520000 .02506000 .02371000 .00225000 .00024000 
110.000 .00096000 .00496000 .01962000 .01466000 .00071000 .00047000 
202.500 .00028000 .00225000 .00319000 .00366000 .00111000 .00035000 
225.000 .00064000 .00201000 .00390000 .00319000 .00106000 .00024000 
247 .500 .00034000 .00130000 .00544000 .01253000 .00532000 .00119000 
270.000 .00021000 .00307000 .00768000 .02124000 .01548000 .OOH2000 
292.500 .00049000 .00115000 .00402000 .00922000 .00213000 .00071000 
315.000 .00039000 .00213000 .00366000 .00415000 .00047000 .00012000 
337.500 .00046000 .00307000 .00721000 .00969000 .00414000 .00059000 



Air Dispersion Modeling 

*** ISCLT2 - VERSIOI 93109 *** *** MAXItlJM COttCDflATIOR AT TB! WIPP SITE IOUllWlY <1990 Het.. Data) 
*** Coarse Receptor Grid (400m X 400m)/1000 ,,.,.-3 Source Colle. 

-· KX>ELIBG OPTIORS USID: COIC IWIAL !LIV FLGPOL 

DIRECTIOI 
(DEGREES) 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
190.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DIRECTION 
<DEGREES> 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
190.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

-• FJllQUllCr OF OCCUlll1IC! OF WIRD Sl'EED, Dil!CTIOR AID STABILITY *** 

FIL!: C:\lllDELS\HET\CID90.SD 
SURF.AC! STATIOR RO.: 11111 

RAM!: CAJIT SJAJ> 
Y!All: 1990 

PIRt&T: C7X,6F7 .5) 
Ul'1'IR AD STATIOH RO.: 11111 

IAHE: UBDOWH 
YEAR: 1990 

AlllUAL: STABILITY CAT!GCllY ! 

WIRD SP!!D WI1'D SP!!D WI1'D SP!!D WIRD SP!!D WIRD SP!!D WIRD SP!!D 
CAT!GtllY 1 CAtmCltY 2 CATIGCllY 3 CAtmallY 4 CAT!GtllY 5 CArEGCllY 6 

C 1.000 HIS) ( 2.250 H/S) ( 4.050 HIS> < 6.550 HIS) C 9.250 HIS) (12.500 HIS) 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00390000 

.00130000 

.00071000 

.00119000 

.00165000 

.00154000 

.00414000 

.00721000 

.01005000 

.00294000 

.00366000 

.00236000 

.00390000 

.00461000 

.00260000 

.00154000 

.00473000 

.00130000 

.00119000 

.00154000 

.00199000 

.00236000 

.00963000 

.01797000 

.02364000 

.00934000 

.00792000 

.01206000 

.01471000 

.01229000 

.00603000 

.00402000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

AlllUAL: ST.AIILm CAT!GCRY F 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIRD SPEED WIRD SP!!D WI1'D SP!!D WI1'D SP!!D WI1'D SP!!D WI1'D SP!!D 
CATIGCIRY 1 CADGaRY 2 CADDCRJ 3 CADDCRJ 4 CATmCllt 5 CATmCllt 6 

C 1.000 HIS> C 2.250 HIS> C 4.050 HIS) ( 6.550 HIS) C 9.250 HIS) (12.500 HIS> 

.00461000 

.00242000 

.00155000 

.00120000 

.00259000 

.00174000 

.00246000 

.00425000 

.00601000 

.00264000 

.00254000 

.00311000 

.00371000 

.00431000 

.00265000 

.00297000 

.00993000 

.00520000 

.00201000 

.00241000 

.00390000 

.00461000 

.00745000 

.01430000 

.02352000 

.00911000 

.00674000 

.0076IOOO 

.01312000 

.01671000 

.00127000 

.00603000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

StM OF n&QUDCDI, noTAL • 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.99995 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00;)00000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

04/11/95 
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Air Dispersion Modeling 

•- ISC.T2 - 'VIRSIClf 93109 - - MAXDUt aa:DnATIClf" AT ft! WlrP SITE llCIUIDARY (1990 Het.. Dat.a) *** 04/11/95 
- Coara• Recept.ar Grid (400. X 400.)/1000 11&1••3 Source Cone. *** ll:U:47 

PAGE 16 
ta>!LIR; OPUClfS USED: COIC RURAL !LEV FLGJIQL 

- TIE ADlW. AVERAGE CXMCDIIATIClf VALUES Fm SOUICE GROUP: ALL *** 
DICLIJDIR; SOIJRC!(Sl: 1 • 2 

- IETWOIUC ID: COARSE ; IETWOIUC TY!'!: 
Gllil>CAlll' -· 

** aJIC OF ltlfY DI HICllOGIWtS/M**3 ** 

Y-axlU> I X-axllD (M!T!RS) 
(M!T!RS) -3289.53 -2189.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 -489.53 -89.53 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- -- - - - - - - - - - - - - - - - - - -
3230.19 .020725 .025935 .032653 .041135 .051620 .063888 .070902 .082458 .093960 
2830.19 .020263 .025486 .032809 .042511 .055028 .070693 .086462 .102612 .125800 
2430.19 .020421 .024106 .034130 .045711 .061637 .077476 .100424 .139578 .161146 
2030.19 .019913 • 026271 .033112 .044925 .063340 . .089876 .125894 .172921 .205564 
1630.19 .018428 .024997 .034616 .045916 .066571 .101798 .155820 .233531 .275135 
1230.19 .017509 .020442 .031431 .043706 .062762 .108390 .174069 .295172 .391946 
130.19 .019847 .024512 .030957 .037394 .054832 .089638 .173938 .379055 .620592 
430.19 .022120 .025913 .033258 .040960 .051956 .068732 .113354 .347851 .817415 
30.19 .022667 .026656 .031963 .036009 .045030 .058989 .084418 .160881 .270873 

-369.81 .017490 .018518 .021188 .024526 .031390 .037165 .044024 .077165 .214790 
-769.81 .012864 .013124 .015482 .016875 .019293 .024326 .038770 .061062 .163250 

-1169.111 .009854 .009715 .0110116 .014025 .016770 .022039 .030674 .043911 .106024 
-1569.81 .008220 .008715 .010665 .012292 .015409 .011616 .024799 .040461 .074962 
-1969.81 .007018 .007853 .010097 .011452 .013393 .017212 .020196 .034885 .056187 
-2369.81 .006759 .007487 .008868 .010159 .012662 .014588 .019743 .032264 .047681 
-2769.81 .006095 .007089 .008505 .009702 .011021 .013515 .019733 .027056 .041126 
-3169.81 .005810 .006440 .007682 .009244 .010351 .012696 .017572 .022849 .028188 
-3569.81 .005322 .006245 .007388 .008182 .009729 .011857 .015536 .019432 .023338 



Air Dispersion Modeling 

*** ISCLTZ - VERSIOR 93109 ... ... ttAXD11! COHCDIRATIOH AT TIE WIPP SIT! 1IOIJllDARY (1990 Met. Data) ••• 04/11/95 
... Coarse Receptor Grid (400m X 400..)/1000 111111••3 Source Cone. • •• 11:44:47 

PAGE 17 A'' ' 

*** ta>!LIIG OPTIORS USED: CCIC llU1W. !LEV FLGPOL 

... TIE ADUAL AVERAGE CXMC!IURATIOH VALUES FOR SOURCE GROUP: ALL ·-IRCLUDilfG SOURC!CS) : 1 • 2 

... ~ ID: COAIS! : l!nalE Trr!: GRil>CAJlT -

- CXMC OF ARY II HICRCGRAHS/H**3 •• 
Y-COCJRD I X-cccltD CMET!RS) 
<METERS> 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 

- - - - - - - - - - - - - - - - - - - - -- - -- - -- - - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - ------
3230.19 .014190 .067413 .047692 .034666 .031333 .028086 .025067 .022332 .021080 
2130.19 .104427 .074051 .047372 .039391 .034912 .030701 .026916 .025208 .024015 
2430.19 .129035 .013901 .051530 .045034 .031857 .033392 .030943 .029195 .027310 
2030.19 .155799 .017753 .061092 .051551 .043041 .039285 .036606 .033737 .030942 
1630.19 .190729 .018734 .072779 .058529 .052404 .047147 .043110 .038751 .034843 
1230.19 .229310 .112945 .086031 .074741 .066271 .057109 .050296 .044625 .040429 
130.19 .234260 .142141 .111696 .099976 .012525 .071151 .061724 .053710 .047267 
430.19 .111902 .230642 .176015 .140072 .111138 .019992 .074401 .062697 .053818 
30.19 .715348 .424615 .271787 .189556 .131614 .106974 .015675 .070607 .059622 

-369.11 .154868 .251210 .232952 .171903 .130603 .102127 .013376 .069240 .058782 
-769.81 .134231 .111926 .146912 .133345 .114210 .093553 .077732 .065662 .056382 

-1169.81 .091075 .071976 .018734 .019127 .014132 .077436 .069552 .060861 .053071 
-1569.11 .081435 .063757 .071339 .060217 .060129 .059392 .055992 .052044 .048015 
-1969.11 .067970 .055263 .050733 .050144 .044293 .044744 .044310 .042769 .040567 
-2369.11 .047157 .045117 .039269 .041175 .031501 .034334 .034772 .033642 .033940 
-2769.81 .038205 .037233 .031755 .031163 .032318 .030555 .027676 .027186 .027365 
-3169 .81 .031131 .021731 .025601 .025554 .026993 .027110 .025026 .022309 .023248 
-3569.81 .023874 .024241 .022192 .021253 .022691 .023555 .022003 .019587 .018182 



Air Dispersion Modeling 

*** ISCLt2 - VDSIOI 931D9 *** - HAXDllt a&UliATIOI AT m WIPP sm llOIJllDAR! (199D Met.. Oat.a) 
... Coar8• Reoept.or Grid (4DO. I 4D0.)/1DDD llC/••3 Source Cone. 

• tllDILDG OPTIOIS USID: CUIC JUDW. ELEV FLGl'OL 

-· m AllllUAL Afta.AG! CUICEIUAATIOI VALUES rca SOUllC! taOUP: ALL -· 
IliCLUDIIG SCUJICICS>: 1 , 2 

- DISCRETE CART!SIAlf UCEPTal l'OIITS -• 

- C:UU: OF AJfY Ill MICRCGRAHSIH**3 ** 

X-coc:m> CH> Y-coc:m> CM) CUIC X-c:aallD CM> Y-COCIU> (M) COllC 
- - - - - - - - - - - - - -- - - -- -- - - - -- - - - - - - - - - - - - - -- - - - -- -- --- - - -

.DD 291D.24 .112238 1236.45 2915;D5 .04D184 
2991.18 2991.11 .D23993 3233.75 1339.46 .041049 
3239.75 .DD .067126 3245.78 -1344.45 .055937 
3254.34 -3254.34 .02D325 1430.39 -3453.24 .023639 

.DD -3458.37 .D26963 -1434.65 -3463.51 .OD8310 
-3190.77 -3190.77 .005915 -3199.06 -1325.09 .008573 
-3204.94 .00 .015325 -3210.85 1329. 91 .017624 
-2968.68 2968.68 .024721 -1232.47 2975.44 .088322 

••• 
••• 

D4/11/95 
11:44:47 
PAGE 18 

- - - - - - - - - - -



Air Dlapenalon Modeling 

,... ISCLT2 - VIRSICll 93109 *** *** IMXDat CXIC!hmtICll At 'DIE llIPP SID IOUllDAU (1990 Het.. Oat.a) 
*** Coan• bcept.or Grid (400. X 400.)/1000 14/••3 Source Cane. 

••• . .. 
,... flJD!LIIG DPTIDRS USED: CXllC IUIKAL !LEV FLGl'DL 

*** tBE HAXDll4 10 A111UAL AVERAGE CCilCilttltATICll 
IRCLUDIJIG SOURCE<S>: 1 , 2 

,.. COllC OF Alf'! IR HICRCGUHSIH**3 •• 
At l!CEPTDll CD, Yll) OF TYPE AT RECEP'l'OR CD, YR) OF TYPE - - - - - - - - - - - - - - -- - - - - -- -- - - - - - - - -- -- - -- - - - - - - - - - - - - - -- - - - -

1. 
2. 
3. 
4. 
5. 

.817415 AT C 
• 785348 At ( 
.620592 AT ( 
.424685 AT C 
.391946 At ( 

-89.53; 
310.47 • 
-89.53, 
710.47, 
-89.53, 

••• R!CEl'tClt TYPES: GC • ca?llCARt 
GP • GIIDl'CLR 
DC • DISCCART 
DP • DISCPOLl\ 
BD • llOURDARY 

430.19) GC 
30.19) GC 

130.19) GC 
30.19) GC 

1230.19) GC 

6. 
7. 
8. 
9. 

10. 

.379055 At ( 

.347851 At ( 

.295172 AT ( 

.278787 At ( 

.275135 A'! ( 

-489.53, 
-489.53, 
-489.53, 
1110.47, 
-89.53, 

830.19) GC 
430.19) GC 

1230.19) GC 
30.19) GC 

1630.19) GC 

04111/95 
11:44:47 
PAGE 19. 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** ... MAXIHll'I CClfCIJCfJIATIC* AT DE NIPP s:rn: ICUllDMY (1990 Met.. Dat.a) 
*** Coaraa a.capt.or Grid (400. X 400.)/1000 ,,.1.·3 Scn&rca Cone. 

• tam.IIG OPTICBS USED: CC9C JWJW. II.IV FLG!OL 

*** Meaaaa• S-.ry For ISC2 Hodel lzacut.ion **• 

--------- S1111111ar7 of Tot.al Me••aa•• --------

A Tot.al of 
A Tot.al of 
A Tot.al of 

O Fat.al Error Haaaaa•<•> 
o Warnina Ha••aa•<•> 
O Informational Haaaaa•C•> 

******** FATAL !llRal H!SSAG!S --• 
••• llOll! ••• 

******** WAIUUIG MESSAGES 
••• 1'0ll! -

•••••••• 

..................................... 
••• ISCLT2 FiDiabaa Succaaafully *** ..................................... 

••• 
••• 

04/11/95 
11:44:47 
PAGE 20 



Air Dispersion Modeling 

ISCLT2 - CDAT!D 93109) 

Il!H-PC V!ISIOlf 2.13 ISCLT2 
CC> COPDUGBT 1992, mIBITY COllSULTAJrrS, IIC. 
SERIAL lnltBD 9718 SOLD to W!STIIGBOUSE EL!CDIC CCll.P 

Run Be1ui on 4/11/1995 at 11:48:02 

CO STARTillG 
co TITLEORE llllXDDI amclllD&%Im l:l !II! WI!'P snz ....... (1991 Met.. IMta) 
CO TITLETWD Couae ll80..,t.ar Grid (40Clll J: 40Clll)/1000 ,.,_-, Saane C-C. 
CO tll>ELOPr CORC JWJW. 
CO AVERTIME ADUAL 
co 1'0LLUTI1> MfY 
co TERRllGTS IL!V 
CO ELEVUIIT FEET 
co FLAGPOL! 1.500000 
co 1W1ltlRIOT 1W1' 
CO FIIISBED 
SO STARTIIG 
SO LCCATICll 1 POIIT 0.00 0.00 1039.37 
SO SRCP.ARAH 1 0.100000 8.20 218.80 4.6598 4.400 
SO LCCATICll 2 POIRT 0.00 7.20 1039.37 
SO SRCP.ARAH 2 0.100000 1.20 218.10 4.6598 4.400 

o.oo 
o.oo 

SO BUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO BUILDBGT 1 0.00 3.10 0.00 10.40 0.00 
SO BUILDBG1' 1 0.00 6.10 6.10 6.10 
SO BUILDWID 1 2.35 0.00 0.00 0.00 0.00 

0.00 
0.00 
0.00 SO BUILDNID 1 0.00 1.35 0.00 2.13 

SO BUILDWID 1 0.00 1.18 9.15 13.20 
SO BUILDBGT 2 3.50 0.00 0.00 0.00 o.oo 

0.00 
o.oo 
0.00 SO BUILDBGT 2 0.00 3.80 0.00 10.40 

SO BUILDBGT 2 0.00 6.10 6.10 6.10 
SO BUILDWID 2 1.09 0.00 0.00 0.00 0.00 

0.00 
0.00 
o.oo SO BUILDWID 2 0.00 1.35 0.00 2.13 

SO BUILDWID 2 0.00 8.11 9.15 13.20 
SO !MISURIT 1000000.000000 GIAMS/SEC MICllCGIWISIH**3 
SO SRCGROUP ALL 
SO FIBISBED 
RE STAllTI1'G 
RE GlIDCART COARSE 
RE GRIDCAllT COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCAllT COARSE 
RE GRIDCART COARSE 
R! GRIDCART COARSE 
R! GRIDCART COAltS! 
RE GRIDCART COAltS! 
R! GRIDCAllT COAltS! 
RE GRIDCAll% COAltS! 
RE GRIDCAllT COAltS! 
RE GRIDCAll% COARSE 
RE GRIDCART COAltS! 
RE GRIDCART COAltS! 
RE GllIDCART COAJtSE 
RE GRIDCART COAltS! 
RE GRIDCART COAltS! 
RE GRIDCA1ll' COAltS! 
R! GRIDCA1ll' COARSE 
R! GllIDCART COAltS! 
:u: GllIDCART COAltS! 
I! GRIDCAIT COAltS! 
I! GRIDCA1ll' CQAIS! 
:u: GRIDCAllT COAltS! 
I! Gllmcnt CQAIS! 
:u: GllIDCAllT CQAllSI 
:U: GRIDCAU CQAllSI 
:u: GRIJJCAllT COAltS! 
:U: GRIDC&IT COAltS! 

STA 
XYiltC -3289.53 11 400.00 -3569.81 11 400.00 
IL!V 1 3300.00 3310.01 3320.01 3320.01 
ELEV 1 3329.99 3329.99 3329.99 3329.99 
ELEV 1 3329.99 3339.99 3360.01 3370.01 
ELEV 1 3319.99 3410.01 3429.99 3429.99 
ELEV 1 3420.01 3420.01 
ELEV 2 3310.01 3310.01 
ELEV 2 3329.99 3339.99 
ELEV 2 3339.99 3360.01 
ELEV 2 3400.00 3420.01 
ELEV 2 3429.99 3440.03 
!LIV 3 3310.01 3320.01 
!LIV 3 3329.99 3339.99 
!LIV 3 3370.01 3370.01 

3320.01 3329.99 
3339.99 3339.99 
3370.01 3379.99 
3460.01 3439.99 

3330.02 3329.99 
3350.00 3350.00 
3319.99 3400.00 

!LIV 3 3410.01 3430.02 3450.00 3439.99 
!LIV 3 3429.99 3429.99 
!LIV 4 3320.01 3320.01 
!LIV 4 3339.99 3339.99 
!LIV 4 3370.01 3379.99 
!LIV 4 3429.99 3450.00 
IL!V 4 3429.99 3439.99 
!LIV 5 3320.01 3320.01 
!LIV 5 3339.99 3350.00 
!LIV 5 3370.01 3400.00 
!LIV 5 3460.01 3460.01 
!LIV 5 3450.00 3460.01 
!LIV 6 3339.99 3329.99 
!LIV 6 3350.00 3350.00 
!LIV 6 3379.99 3400.00 

3329.99 3329.99 
3350.00 3360.01 
3400.00 3410.01 
3439.99 3450.00 

3339.99 3339.99 
3350.00 3360.01 
3410.01 3420.01 
3450.00 3439.99 

3339.99 3339.99 
3360.01 3370.01 
3410.01 3439.99 



Air Dispersion Modeling 

JI~ GIIDCAltt COAU! ELEV 6 3460.01 3460.01 3460.01 3460.01 
'1DCAllT COAU! ELEV 6 3460.01 3470.01 
1lIDCAltT COAU! ELEV 7 3350.00 3339.tt 3339.tt 3350.00 

JRTDNRT COARSE ELEV 7 3350.00 3360.01 3370.01 3379.99 
id GIIDCAltt COAISl ELEV 7 3319.tt 3400.00 3410.01 3439.99 
I! GIIDCAltt COAll! ELEV 7 3470.01 3470.01 3470.01 3479.tt 
e mm>e••r COAll! ELEV 7 3419.tt 3500.00 
I! GIUJ!CAllT COAIS! ELEV e 3360.01 3350.00 3360.01 3360.01 
R! cmix:ART COAIS! ELEV e 3360.01 3360.01 3379.tt 3319.tt 
R! GaIDCAllT COAU! ELEV a 3400.00 3410.01 3420.01 3439.tt 
U GRIDCAllT COARSE IL!V. 3470.01 3479.tt 3419.tt 3500.00 
U GIUl!CAJlT COAISl IL!V. 3510.01 3520.01 
JI! GlUDCAllT CXIAIS! IL!V 9 3379.99 3370.01 3370.01 3370.01 
JI! GRIDCAllT COAJtS! IL!V 9 3379.tt 3379.tt 3379.tt 3319.tt 
R! GRIDCART·COAIS! ELEV 9 3400.00 3410.01 3429.tt 3450.00 
I! GIIDCAltt CXIAIS! ELEV 9 3470.01 3500.00 3510.01 3520.01 
R! GRIDCAllT COAUE ELEV 9 3529.tt 3550.00 
R! GIUDCAl.T CXIAIS! ELEV 10 3400.00 3400.00 3400.00 3319.99 
u caIDCAl.T COAIS! ELEV 10 3389.99 3389.99 3319.99 3400.00 
JI! GllIDCART COARSE ELEV 10 3410.01 3420.01 3429.99 3450.00 
RE GllIDCART COARSE ELEV 10 3470.01 3500.00 3510.01 3529.99 
R! GIUDCAllT CXIAIS! ELEV 10 3539.99 3550.00 
R! GIUDCARr COARSE ELEV 11 3400.00 3400.00 3410.01 3410.01 
R! GlUDCAllT COARSE ELEV 11 3410.01 3410.01 3410.01 3420.01 
I! GRIDCAJlT COAltSE ELEV 11 3420.01 3420.01 3439.99 3460.01 
I! GlUDCAllT COARS! ELEV 11 3479.99 3510.01 3510.01 3529.99 
U GIUDCARr COARSE ELEV 11 3539.99 3539.99 
U GlUDCARr COARSI ELEV 12 3319.99 3400.00 3410.01 3410.01 
U GlUDCAllT COA1tS! ELEV 12 3410.01 3410.01 3420.01 3429.99 
I! GlUDCAllT COARD ELEV 12 3439.99 3439.99 3439.99 3460.01 
I! GRIDCAJlT COARD ELEV 12 3479.tt 3500.00 3500.00 3510.01 
RE GllIDCAJlT COAIS! ELEV 12 3520.01 3529.99 
RE GllIDCAJlT COAltS! ELEV 13 3379.99 3379.99 3400.00 3400.00 
I! GRIDCAllT COAltS! ELEV 13 3400.00 3420.01 3420.01 3429.99 
RE GlUDCARr COAltS! ELEV 13 3460.01 3460.01 3460.0l 3470.0l 

"'IUDCAJlT COARSE ELEV 13 3419.99 3500.00 3419.99 3500.00 
IIDCARr COAltS! ELEV 13 3500.00 3510.01 

.dUDCAllT COARSE ELEV 14 3370.01 3379.99 3319.99 3319.99 
, _,,. GRIDCAJlT COAltS! ELEV 14 3400.00 3410.01 3420.01 3439.99 
RE caIDCAllT COAltS! ELEV 14 3460.01 3460.01 3470.01 3470.01 
U GRlDCAJlT COARSE ELEV 14 3479.99 3479.99 3479.99 3419.99 
RE GRIDCAJlT COARSE ELEV 14 3419.99 3500.00 
RE GlUDCAllT COARS! ELEV 15 3360.01 3370.01 3370.01 3379.99 
RE GlUDCAllT COARS! ELEV 15 3319.99 3400.00 3410.01 3429.99 
RE GRIDCAJlT COARS! ELEV 15 3450.00 3460.01 3460.01 3460.01 
RE GlUDCAllT COARS! ELEV 15 3470.01 3470.01 3470.01 3479.99 
RE GIUDCAllT COARS! ELEV 15 3500.00 3510.01 
RE GlUDCAllT COAltS! ELEV 16 3350.00 3350.00 3370.01 3379.99 
RE GIUDCAJlT COARS! ELEV 16 3319.99 3319.99 3400.00 3429.99 
RE GIUDCAJlT COAllSE ELEV 16 3439.99 3460.01 3450.00 3450.00 
RE GlUDCARr COARSE ELEV 16 3450.00 3460.01 3470.01 3419.99 
RE GlUDCARr COAltS! ELEV 16 3500.00 3510.01 
RE GRIDCAJlT COAltS! ELEV 17 3339.99 3350.00 3360.01 3370.01 
RE GlUDCART COAltS! ELEV 17 3379.99 3319.99 3400.00 3410.01 
RE GlUDCAllT COARSE ELEV 17 3429.99 3429.99 3429.99 3439.99 
RE GRIDCAllT COAltS! ELEV 17 3450.00 3460.01 3470.01 3419.99 
RE GRIDCAJlT COAIS! ELEV 17 3510.01 3520.01 
RE GRIDCAllT COAIS! ELEV 11 3339.99 3350.DO 3360.01 3370.01 
RE GRIDCAJlT COAIS! ELEV 11 3379.99 3319.99 3319.99 3400.00 
RE GRIJlCAIT COAIS! ELEV 11 3410.01 3420.01 3429.99 3439.99 
RE GRil!CAllT COAIS! ELEV 11 3450.00 3460.01 3479.99 3419.99 
I! GIJDCWP COAIS! ELEV 11 3500.00 3510.01 
I! camcwr COAIS! FLAG 1 1.50 1.50 1.50 1.50 
RE camcwr COA1S1 FUG 1 1.50 1.50 1.50 1.50 
RE camc•n COAISI FLAG 1 1.50 1.50 1.50 1.50 
RE GIJDCWP CQAISI FLAG 1 1.50 1.50 1.50 1.50 
RE camcwr COA1S1 FLAG 1 1.50 1.50 
I! camcwr COA1S1 FUG 2 1.50 1.50 1.50 1.50 
RF. GRII!CARt COAllSI FLAG 2 1.50 1.50 1.50 1.50 

UllCAllT COAIS! FLAG 2 1.50 1.50 1.50 1.50 
UDCAJa COAISI FLAG 2 1.50 1.50 1.50 1.50 

...... 



Air Dispersion Modeling 

I! GRI1ICART CCAISE FLAG 2 1.50 1.50 
I! GRI1ICART COAIS! FLAG 3 1.50 1.50 1.50 1.50 
I! GRIDCAat COARSE FLAG 3 1.50 1.50 1.50 1.50 
I! GRI1ICART COAIS! FLAG 3 1.50 1.50 1.50 1.50 , .. 
I! GIUllCART COARSE FLAG 3 1.50 1.50 1.50 1.50 
I! GRIDCART COAIS! FLAG 3 1.50 1.50 
I! GRI1ICART COARSE FLAG 4 1.50 1.50 1.50 1.50 
I! GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
IE GR.IDCART OOARSE FLAG 4 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
I! GRIDCART OOARSE FLAG 4 1.50 1.50 
I! GR.IDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
IE GRIDCAllT COARSE FLAG 5 1.50 1.50 1.50 1.50 
I! GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 5 1.50 1.50 
IE GR.IDCART COA1SE FLAG 6 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50 
IE GRIDCAllT COARSE FLAG 6 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 6 1.50 1.50 
IE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
I! GIIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
IE GIIDCART COARSE FLAG 7 1.50 1.50 
IE GIIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 8 1.50 1.50 
IE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
IE GR.IDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
IE GR.IDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
IE GR.IDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
IE GR.IDCART COARSE FLAG 9 1.50 1.50 
IE GR.IDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 
IE GR.IDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 
IE GR.IDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 " 
U GR.IDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 
RE GR.IDCART COARSE FLAG 10 1.50 1.50 
RE GR.IDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
I! GR.IDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
RE GR.IDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
I! GRIDCAllT COARSE FLAG 11 1.50 1.50 
RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
I! GRIDCAllT COARSE FLAG 12 1.50 1.50 1.50 1.50 
U GR.IDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
I! GRIDCART COARSE FLAG 12 1.50 1.50 
RE GRI1>CAllT COARSE FLAG 13 1.50 1.50 1.50 1.50 
U GR.IDCAllT COARSE FLAG 13 1.50 1.50 1.50 1.50 
IE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50 
U GRIDCART COARSE FLAG 13 1.50 1.50 
RE GRIDCAllT COARSE FLAG 14 1.50 1.50 1.50 1.50 
RE GRI1>CAllT COARSE FLAG 14 1.50 1.50 1.50 1.50 
U GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50 
RE GRI1>CAllT COARSE FLAG 14 1.50 1.50 1.50 1.50 
U GlUDCAllT COARSE FLAG 14 1.50 1.50 
RE GlUDCAllT COARSE FLAG 15 1.50 1.50 1.50 1.50 
U GRIDCAllT COARSE FLAG 15 1.50 1.50 1.50 1.50 
IE GRIDCAllT COARSE FLAG 15 1.50 1.50 1.50 1.50 
IE GRIDCAllT COARSE FLAG 15 1.50 1.50 1.50 1.50 
IE GRIJICAIT COARSE FLAG 15 1.50 1.50 
I! GRIDCART C'OA1S! FLAG 16 1.50 1.50 1.50 1.50 
IE GRIDCAllT COARSE FLAG 16 1.50 1.50 1.50 1.50 
I! GRIDC:Aat C'OAIS! FLAG 16 1.50 1.50 1.50 1.50 
I! GRIDCART C'OA1S! FLAG 16 1.50 1.50 1.50 1.50 
I! GRIDCART COARSE FLAG 16 1.50 1.50 

..... 



Air Dispersion Modallng 

G'IW>CAar CXWtS! FLAG 17 
1lIDCMT CXWtS! FLAG 17 
&IllCMT CXWtS! FLAG 17 

GIWICAU CXWtS! FLAG 17 
I! GRIDCAJl? COAISl FLAG 17 
I! GRIDCAJlT CXWtS! FLAG 18 
I! CBl.IDCAllT COAllS! FLAG 18 
IE CBl.IDCART CXWtS! FLAG 18 
R! CBllDCAllT CXWtS! FLAG 18 
IE CBllDCAllT COAllS! FLAG 18 
IE CBllDCAllT CXWtS! DD 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

IE DISCCART 0.00 2980.24 3420.01 1.50 
IE DISCCART 1236.45 2985.05 3439.99 1.50 
IE DISCCART 2991.88 2991.88 3500.00 1.50 
IE DISCCART 3233.75 1339.46 3500.DO 1.50 
R! DISCCART 3239.75 D.00 3539.99 1.50 
IE DISCCART 3245.78 -1344.45 3479.99 1.50 
IE DISCCART 3254.34 -3254.34 3420.01 1.50 
IE DISCCART 1430.39 -3453.24 3400.00 1.50 
IE DISCCART 0.00 -3458.37 3339.99 1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

R! DISCCAllT -1434.65 -3463.51 3300.00 1.50 
IE DISCCART -3190.77 -3190.77 3310.01 1.50 
IE DISCCAJlt -3199.06 -1325.09 3339.99 1.50 
I! DISCCART -3204.94 0.00 3339.99 1.50 
IE DISCCART -3210.85 1329.98 3379.99 1.50 
IE DISCCART -2968.68 2968.68 3350.00 1.50 
IE DISCCART -1232.47 2975.44 3900.00 1.50 
IE FIIUSB!D 
HE STAJlTillG 
HE IR1'UTFIL C:\tlXl!LS\HET\CID91.STll C7X,6F7.5) 
HE AR!HIGl!T 10. ODO HET!RS 
HE SURFDATA 11111 1991 CARLSBAD 
HE UADU>ATA 11111 1991 
HE STAJlDATA AJmlAL 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

•- AV!SP!!D 1.00 2.25 4.05 6.55 9.25 12.50 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

vr:n:HPS AJmlAL 288.80 288.80 288.80 288.80 288.10 288.10 
.VEHIXBT AJmlAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 

AVEHIXBT ARlfUAL I 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
'Hf. AVEHIXBT ARBUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARRUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARBUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARRUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE DTBETADZ A 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ I 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ ! 0.01 0.01 0.01 0.01 0.01 0.01 
HE DTBETADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
HE FIIISB!D 
OU STAJlTillG 
OU IECTABL! SRCGRP 
OU MAXTABL! 10 SRCGRP 
OU PLOTFILE ARBUAL ALL C:\tlXl!LS\llm'AD91.Gl'll 70 
OU FIIISB!D 

...................................... 
*** SETUP Finiahea Succeaafull.>' ,... ................................... 

ADii 41 



Air Dispersion Modeling 

*** ISCLT2 - V!RSICll 93109 •- *** HAXDUt COIC!RilATICI AT TB! WI1'P SIT! ICIUIDA1lI <1991 Met.. Dat.a) 
*** Coarae Receptor Grid (400. I 400.)/1000 ,..,.-3 Source Cone. 

*** KJD!LillG OPTIORS USED: COii: RURAL ELEV FLG1'0L 

*** 
- - - - - - - -- - - - -- - - - - - --
**Hodel Ia Set.up For Calculation of Averaa• CCllCent.rat.ion Valuea. 

**Hodel Uaea RURAL Diaperaion. 

**Hodel Uaea Daer-Specified Opt.iona: 
1. Final Pl- liH. 
2. St.ack-t.ip 0-ub. 
3. Buoyanc:y-inducad Diaperaion. 
4. Default. Wind Profile Ezponent.a. 
S. UHr-Specified Vert.teal Pot.ent.ial Temperat.ure Gradient.a. 

**Hodel Accept.a Recept.ora on ELEV Terrain. 

**Hodel Accept.a FLAGPOLE Receptor l•iabt.a. 

**Hodel Calculat... 1 ST.AR Averaa•<•> for t.be Fol.lawina Moat.ha: 
Seaaons/Quart.ara: 

Cid AmNal: 

-Dat.a File Includes 1 ST.AR SmiDari•• for t.be Fol.lawina Moat.ha: 
S.aaOD11/Quart.era: 

Cid Almual: 

**Thi• Run Include•: 2 Source(a); 1 Source Group(a); Cid 

.*"'Model Set To Coat.inu• RUllnina Aft.art.be Set.up Teet.ill&. 

*-OUt.put. Opt.ions Select.ad: 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

340 Receptor(•) 

Model Out.put.a Table• of Lona term Valuea b7 Receptor CJllCL\BLZ X.,.Ord) 
Modal Out.put.a Tables of Mazima Lona Tani Values CHAXTAILZ X.,.Ord) 
Model Out.put.a External Fil•<•> of Lona Term ValuH for Plot.till& CPLO!l'ILI X.,.Ord) 

**Hiac. Input.a: An-. Bat. <•> • 10.00 ; Decay C:O.f. • .0000 lot.. Anal• • .o 
Emiaaicm Unit.a • GRMll/SIC ; lmiHion Rat.a Unit Fact.or • 
Out.put Unit.a • MICICGRAMSIH-3 

*** 
*** 

.100001+07 

**Input. Runat.ra .. File: C:\KJDELS\19tVl'A091.DAT *-out.put. PriDt. File: C:\KJDELS\mt91'A091.LST 

04/11/95 
11:41:05,.,,,,,,. 
PAGE l 



Air Dispersion Modeling 

_. ISCLT2 - 'VERSIClf '3109 _. _. HAXDIM CXllCDtRATIClf AT TB! Wil'P SIT! IOlllDAllY (1991 Met. Data> 
_.Coan• aecept.or Grid (40111111 X 40111111)/1000 MS/m•3 Source Cone. 

ta>!LillG OPTIClfS USED: CDC JWIW. !L!V FLGJ'OL 

-• l'OIIT SOIDIC! DATA _. 

••• 
••• 

04/11/95 
11: 411: 05 
PAGE 2 

1'leEll !KISSIClf BAT! BAS! STACI: STACI: STACI: STACK BUILDING !MISSION RATE 
SOURCE PART. (USIR UNITS> x y !L!V. B!IGBT TIHP. EXIT VEL. DIAHET!R EXISTS SCALAR VARY 

ID CATS. (HET!RS) (HET!RS) (HET!RS) (HET!RS) (D!G.E) (H/S!C) (HET!RS) BY ------ ------- ------- -------- - -- - - ------ -------
1 0 .10000!+00 .o .o 1039.4 e.20 zae.eo 4.66 4.40 YES 
2 0 .10000!+00 .0 7.2 1039.4 e.zo 288.80 4.66 4.40 YES 

ADllG 



Air Dispersion Modeling 

••• ISCLT2 - VERSION 93109 *** -• HAXDllt CCJl:DTIATIOH AT ?II! WIPP SID IOUIDARY C 1''1 He~. Da~a) 
... Coaraa Receptor Grid (400. X 400.)/1000 ,..1.·3 Sol&rce Cone. 

••• K>DELIRG OPTIONS IJS!D: aJ11C lWIAL !L!V FLGPOL 

-• SOUJICE m• DEFIKIJG SOUJICE GllCIUPS -• 

GROUP ID SOURCE ID• 

ALL 1 • 2 

ADii •• 

... 
• •• 

04/11/95 
ll: 118: 05 
PAGE ~",. 



Air Dispersion Modeling 

- IICLt2 - VDSIOR 93109 -· -• MAXDUt COICDIJtA1'IOR AT TIE WIPP SITE llOUllIWlY C1'91 Met.. Data) 
- CoarH Receptor Grid (400m X 4011D)/1000 14/a*3 Source Cone. 

tal!LillG OP!'ICJRS USED: COiie llllRAL ELEV FLG1'0L 

- DIR!CTIOR Sl'ECD'IC BUILDIIG DIHERSICJRS ••• 

SOUJICE ID: 1 
IFV BB llW WAX IFV BB IW WM IFV BB IW WAX IFV l!B l!W 

1 10.4, 2.3, 0 2 • 0, .0, 0 3 .0, .o . 0 4 .0, .0, 
s .o. .o. 0 6 .o. . o. 0 7 . o . .o • 0 8 3.8, 1.3, 
9 .o. .o. 0 10 10.4, 2.8, 0 11 .o. .0, 0 12 .o, .0, 

13 .0, .0, 0 14 6.1, 8.9, 0 lS 6.1, 9.9, 0 16 6.1, 13.2, 

SOURCE ID: 2 
IFV BB BW WAX IFV IB BW WAX IFV IB JIN WM IFV BB l!W 

1 3.5, 1.1. 0 2 .0, .o. 0 3 .o. .o. 0 4 .0, .o, 
s .o. .o. 0 6 .o. .o. 0 7 .o. .o. 0 8 3.8, 1.3, 
9 .o. .o, 0 10 10.4, 2.8, 0 11 .o. .o, 0 12 • 0, .o . 

13 .o. .o, 0 14 6.1, 8.9, 0 lS 6.1, 9.9, 0 16 6.1, 13.2, 

ADii• 

WAX 
0 
0 
0 
0 

WAX 
0 
0 
0 
0 

••• 
• •• 

04/11/9' 
11:48:05 
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Air Dispersion Modeling 

••• ISCLTZ - VERSICll 93109 ... ... MAXD111 CtiiCDIIATICll AT TB! WIPP II'1'I JICIUIDAU (1991 Met.. Dat.a) 
... Coaraa a.capt.or Grid (400m X 400m)/1000 ,aa/a-3 Source Cone. 

... ta>ELIBG OPTIOllS US!D: c:mc RURAL ELEV FLGPCL 

-3219.5, -2119.5, 
710.5, 1110.5, 

-3569.1, -3169.1, 
430.2, 130.2, 

... l!TWClt1 m: CXWtSE : RETWClll: TYPE: GRIDCART ... 

-2419.5, 
1510.5, 

-2769.1, 
1230.2, 

... X·COCRDIIATIS OF GRID ... 
<METERS> 

-2019.5, -1619.5, -1219.5, 
1910.5, 2310.5, 2710.5, 

... Y·COCRDD.UZS OF GRID ... 
<METERS> 

-2369.1, -1969.1, ·15'9.I, 
1630.2, 2030.2, 2430.2, 

ADii• 

-119.5, 
3110.5, 

·1169.I, 
2130.2, 

-419.5, 
3510.5, 

-769.1, 
3230.2, 

-19.5, 

-369.1, 

... 
• •• 

310.S, 

30.2, 

04/11/95 
11:48:05 
PAGE !-. ,, ·~ 



Air Dispersion Modeling 

.... ISCLT2 - VERSICll 93109 ·- .... HAXDllf CCiiClJCtBATICll AT DZ WIPP SITE IOUIUWlY (1991 Het.. Dat.al ••• 04/11/95 
•- Coarae ll•cept.or Grid (400. X 400.)/1000 '4/••3 Sollrce Cone. • •• 11:48:05 

PAGE 6 
• tun.IIG OPTIORS USED: COftC llUML ELEV FLGJ!'OL 

••• ll!'rWCllX m: COA1lS! ; ll!'rWCllX TYPE: GIUDCART ••• 

• EL!VATICll ll!IGB?S Ilf HnDS • 

Y-COOJlD X-<XXllD <HnDS l 
(H!T!JlS) -3289.53 -2819.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 -489.53 -89.53 ------ ------- ------ - - - - - - - - - - -- - - - - -- ------ - - - - - ------
3230.19 1018.03 1021.08 1024.13 1027.18 1030.22 1033.27 1033.27 1036.32 1039.37 
2830.19 1018.03 1021.08 1024.13 1027 .18 1030.22 1033.27 1036.32 1039.37 1045.46 
2430.19 1021.08 1021.08 1027.18 1030.22 1033.27 1033.27 1036.32 1045.46 1048.51 
2030.19 1024.13 1027.18 1027.18 1030.22 1033.27 1036.32 1039.37 1045.46 1051.56 
1630.19 1027.18 1030.22 1033.27 1033.27 1036.32 1039.37 1042.42 1048.51 1054.61 
1230.19 1030.22 1030.22 1036.32 1036.32 1036.32 1042.42 1042.42 1045.46 1054.61 
830.19 1033.27 1036.32 1039.37 1039.37 1039.37 1039.37 1042.42 1045.46 1048.51 
430.19 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1042.42 1042.42 
30.19 1036.32 1036.32 1036.32 1033.27 1033.27 1033.27 1033.27 1036.32 1039.37 

-369.81 1030.22 1027.18 1027.18 1027.18 1030.22 1030.22 1030.22 1033.27 1036.32 
-769.81 1024.13 1021.08 1024.13 1024.13 1024.13 1024.13 1030.22 1033.27 1036.32 

-1169.81 1021.08 1018.03 1018.03 1021.08 1021.oa 1024.13 1027.18 1030.22 1033.27 
-1569.81 1018.03 1014.98 1018.03 1011.03 1021.oa 1021.08 1024.13 1027.18 1030.22 
-1969.81 1011.94 1011.94 1018.03 1018.03 1018.03 1021.08 1021.08 1024.13 1027.18 
-2369.81 1011.94 1011.94 1014.98 1014.98 1018.03 1018.03 1021.08 1024.13 1027.18 
-2769.81 1008.89 1011.94 1014.99 1014.98 1014.98 1018.03 1021.08 1021.08 1027.18 
-3169.81 1008.89 1008.89 1011.94 1014.98 1014.98 1018.03 1018.03 1018.03 1018.03 
-3569.81 1005.84 1008.89 1011.94 1011.94 1014.98 1014.98 1014.98 1014.98 1014.98 



Air Dlaperalon Modeling 

•- ISC1.T2 • VEISICR 93109 *** *** MAXD11t CC'iiCEilP.ATIOlf AT 'l'IF. WIPP SITE IOU1IDARt (1991 Met. Dat.a) ... 04/11/95 
*** Coaraa Racapt.or Grid (400. X 400.)/1000 11&/••3 Source Cone. • •• 11:41:05 

P.AGE ,,,<!1;;;;~ 

••• ta>ELIIG OPTIOIS USED: cm: RURAL ELEV FLGPOL 

... ll!naJ: ID: COARSE ; llEnaJ: TYPE: G'RIDCAKf -• 

• !LEVATIClll BEIGllTS IR METERS * 

Y-COCllD X-coaRD <METERS> 
<HETERS> 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 

------- - - - - - - - - - ------- ------ - - - - - ------- ------
3230.19 1042.42 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1066.80 1069.85 
2830.19 1045.46 1045.46 1048.51 1051.56 1054.61 1057.66 1063.75 1069.85 1072.90 
2430.19 1054.61 1051.56 1051.56 1051.56 1054.61 1057.66 1063.75 1066.80 1069.85 
2030.19 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.7<! 1066.80 1069.85 
1630.19 1054.61 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1063.75 1066.80 
1230.19 1054.61 1054.61 1057.66 1063.75 1066.10 1063.75 1066.10 1066.80 1069.85 
830.19 1048.51 1041.51 1054.61 1060.70 1066.80 1066.80 1069.85 1072.90 1075.9 .. 
430.19 1042.42 1041.51 1054.61 1060.70 1069.15 1069.85 1075.94 1078.99 1078.99 
30.19 1042.42 1045.46 1051.56 1057.66 1066.80 1069.85 1075.94 1078.99 1082.0>t 

-369.81 1039.37 1045.46 1051.56 1057.66 1066.80 1069.85 1072.90 1075.94 1012.0 .. 
-769.81 1039.37 1042.42 1048.51 1057.66 1060.70 1063.75 1066.80 1069.85 1072.90 

-1169.81 1036.32 1039.37 1041.51 1057 .66 1057.66 1057.66 1060.70 1063.75 1066.80 
-1569.81 1036.32 1039.37 1041.51 1054.61 1054.61 1054.61 1054.61 1054.61 1057.66 
-1969.81 1036.32 1039.37 1042.42 1054.61 1054.61 1051.56 1048.51 1051.56 1054.61 
-2369.81 1030.22 1036.32 1039.37 1045.46 1051.56 1048.51 1051.56 1045.46 1048.51 
-2769.81 1027.11 1033.27 1036.32 1039.37 1045.47 1051.56 1048.51 1045,46 1045.46 
-3169. 11 1024.13 1027.11 1030.22 1036.32 1042.42 1054.61 1048.51 1045.46 1048.5.Z 
-3569.81 1018.03 1024.13 1027.11 1033.27 1039.37 1045.46 1045.46 1042.42 1042.4.2 

ADii• 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 ·- *** HAXDll1 COICIRIRATIOll AT TB! WIPP SIT! BOUllDARY (1991 Met. Data) *** 04/11/95 
-• Coar•• Receptor Grid (400m X 400m)/1000 ,.g/m-3 Source Cone. *** 11:48:05 

PAGE 8 
· K>OELIMG OPTIONS USED: COBC: RURAL ELEV FLG!'OL 

*** RE'rWCltl: ID: COA1tS! ; REnax TYPE: GRIDCART *** 

* RECEPTOR FLAGPOLE HEIGHTS IM HETERS * 

Y-COORO X-COCJRD CHETERSl 
(H!l'ERS) -3289 • .53 -2889.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 -489.53 -89.53 ------ - - - - -
3230.19 1.50 1 • .50 1.50 1.50 1.50 1 • .50 1 • .50 1 • .50 1 . .50 
2830.19 1.50 1.50 1.50 1.50 1.50 1 • .50 1 • .50 1 • .50 1..50 
2430.19 1 • .50 1.50 1.50 1.50 1.50 1 • .50 1..50 1..50 1 . .50 
2030.19 1 • .50 1.50 l.50 1..50 1 • .50 l • .50 1 . .50. 1..50 1..50 
1630,.19 1 . .50 1 • .50 1 • .50 l • .50 1 . .50 1 • .50 1 • .50 1..50 1 . .50 
1230.19 1 • .50 1.50 1 • .50 1.50 1 • .50 1 • .50 1 • .50 1 • .50 1.50 

830.19 1..50 1.50 1.50 1.50 1 • .50 1 • .50 1..50 1.50 1..50 
430.19 1 • .50 1..50 l • .50 1 • .50 1 • .50 1 • .50 1 . .50 1..50 1. 50 

30.19 1..50 1..50 1..50 1..50 1 • .50 1 • .50 1 • .50 1..50 1..50 
-369.81 1.50 1 • .50 1..50 1..50 1..50 1 . .50 1..50 1 • .50 1..50 
-769.81 1..50 1 • .50 1..50 1 • .50 1..50 1 . .50 1..50 1 • .50 1..50 

-1169.81 1..50 1 • .50 1 • .50 1..50 1..50 1..50 1 . .50 1 • .50 1..50 
-1.569.81 1..50 1..50 1 • .50 1 • .50 1..50 1 . .50 1 • .50 1..50 1 . .50 
-1969.81 1 • .50 1 • .50 1 • .50 1.50 1..50 1 • .50 1 • .50 1..50 1 • .50 
-2369.81 1.50 1 • .50 1.50 1.50 1 • .50 1 • .50 1 • .50 1 • .50 1..50 
-2769.81 1..50 1.50 1.50 1.50 1.50 1 • .50 1.50 1 • .50 1 • .50 
-3169.81 1 • .50 1.50 1 • .50 1 • .50 1 • .50 1.50 1 • .50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1 • .50 1 • .50 1.50 1..50 

ADii• 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** •- HAXIHllt CCllCENl'RATiotl AT TBE WIPP SITE JIOUBDARY <1991 Het.. Data) *** 04/11/95 
*** Coarae Receptor Grid (400m X 400.)/1000 14/m•3 Source Cone. *** 11:48:05 

PAGE 9 " 
*** KlDELIRG OPTIONS USED: COBC lWRAL ELEV FLGPOL 

*** REnax ID: COARSE ; llEnat1C TYPE: GRIDCART *** 

* R!CEPTCIR FLAGPOLE BEIGBTS II H!TERS * 

Y·COORD X·CCCIU> (H!TERS) 
CHETERS) 310.47 710.47 1110. 47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 

------- - - - - - - - - - - - - - - - - - - - - - ------
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

30.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

ADii• 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** •- HAXDUt COBCDl'RATIOM AT T!IE WIPP SITE BOUHDAR.Y (1991 Met. Deta) 
•- Coarae Receptor Grid (400m X 400m)/1000 ,.g/m·3 Source Cone. 

' KJDELING OPTIONS USED: COMC IWJW. !L!V FLGPOL 

.0, 2980.2, 1042.4, 
2991.9, 2991.9, 1066.8, 
3239.8, .0, 1079.0, 
3254.3, -3254.3, 1042.4, 

.o, -3458.4, 1018.0, 
-3190.8, -3190.8, 1008.9, 
-3204.9, .o, 1018.0, 
-2968.7, 2968.7, 1021.1, 

*** DISCR!TE CARTESIAN RECEPTORS *** 
(X-cOCIUI, Y-cOCIUI, %!LEV, ZFLAG) 

(H!TERS) 

1.5); 1236.5, 2985.l, 
1.5); 3233.8, 1339.5, 
1.5); 3245.8, -1344.5, 
1.5); 1430.4, -3453.2, 
1.5); -1434. 7, -3463.5, 
1.5); -3199.1, -1325.l, 
1.5); -3210.9, 1330.0, 
1.5); -1232.5, 2975.4, 

ADii 11 

1048.5, 1.5); 
1066.8, 1.5); 
1060.7, 1.5); 
1036.3, 1.5); 
1005.8, 1.5); 
1018.0, 1.5); 
1030.2, 1.5); 
1188.7, 1.5); 

*** 
*** 

04/11/95 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** •- HAXIHUH CONCEBIRATIOR AT l'BE WIPP SITE IOU1'DARY (1991 Het. Data} 
•- Coar•• Receptor Grid (400m X 400.)/1000 ,..1m·3 Source Cone. 

•- K)J)ELIRG OPTIONS USED: COMC RURAL ELEV FLGPOL 

STABILITY 
CATEGCR.Y 

A 
B 
c 
D 
E 
F 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

ARRUAL 

•- AVERAGE SPEED FOR EACB WIRD SPEED CATEGORY *** 
CMEl'ERS/SIC) 

1.00, 2.25, 4.05, 6.55, 9.25, 12.50, 

WIRD SPEED CATE<DlY 
l 2 3 4 

.70000!-0l .70000!-0l .70000!-0l .70000!-0l 

.70000!-0l .70000!-0l .70000!-0l .70000!-0l 

.lOOOO!+oO .lOOOO!+oO .lOOOO!+oO .lOOOOE+OO 

.15000!+00 .15000!+o0 .15000!+00 .15000!+00 

.35000E+o0 .35000!+00 .35000E+o0 .35000!+00 

.55000!+00 .SSOOO!+oO .55000E+o0 .55000!+00 

*** VERTICAL l'OT!ITIAL DMP!RA'1'Ull! GRADIDTS *** 
(DEGREES ULVIR P!R M!T!R) 

WIRD SPEED CATEGORY 
l 2 3 4 

.00000!+00 .00000!+00 .OOOOO!+oO .OOOOO!+oO 

.OOOOO!+oO .00000!+00 .OOOOO!+oO .OOOOO!+oO 

.00000!+00 .OOOOO!+oO .OOOOO!+oO .OOOOO!+oO 

.OOOOO!+oO .00000!+00 .OOOOO!+oO .00000!+00 

.10000!-0l .10000!-0l .10000!-0l .10000!-0l 

.30000!-0l .30000!-0l .30000!-01 .30000!-0l 

*** AVERAGE AHBIDT AIR DMP!RA'1'Ull! CDLVIR) •-

STABILITY STABILITY STABILITY STABILITY STABILITY 
CATEGCllY A CATEGCllY I CAl'!GCllY C CA'l'!GCllY D CA'l'!GORY E 

288.8000 288.8000 288.8000 288.8000 288.8000 

ADllll 

5 
.70000!-0l 
.70000!-0l 
.lOOOOE+OO 
.15000!+00 
.35000!+00 
.55000!+00 

5 
.00000!+00 
.00000!+00 
.00000!+00 
.00000!+00 
.10000!-0l 
.30000!-01 

STABILITY 
CATEGORY F 

288.8000 

6 

.... . .... 

.70000E-Ol 

.70000!-0l 

.lOOOOE+OO 

.15000E+o0 

.35000E+OO 

.55000!+00 

6 
.OOOOOE+OO 
.00000!+00 
.00000!+00 
.OOOOOE+OO 
.lOOOOE-01 
.30000!-01 

04/11/95 
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Air Dispersion Modeling 

••• ISCLT2 - VERSION 93109 ••• -• MAXIHUH C:ORC:!IUliATIOlf AT TB! WIPP SITE BOUNDARY (1991 Met. Deta) 
*** Coar•• Jlecept.or Grid (400m X 400m)/1000 ,.g/m·3 Source Cone. 

tt:>D!LIRG OPTIONS USED: COlfC RU1iAL !LEV FLGPOL 

*** AVERAGE HIXIRG LAYER HEIGHT CHETERS) ••• 

STABILITY CATEGORY A 
STABILITY CATEGORY B 
STABILITY CATEGORY C: 
STABILITY CATEGORY D 
STABILITY CATEGORY E 
STABILITY CATEGORY F 

WIRD SPEED 
CAT!GORY 1 

1435.0000 
1435.0000 
1435:0000 
1435.0000 
1435.0000 
1435.0000 

WIBD SPEED 
CAT!GCllY 2 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

AlllltJAL 
WIRD SPEED 
CATEGORY 3 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

WIRD SPEED 
CATEGORY 4 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

ADii 13 

WIHD SPEED 
CATEGORY 5 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

WIRD SPEED 
CATEGORY 6 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

••• 
••• 

04/11/95 
11:48:05 
PAGE 12 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** HAXIHUH COHCERTRATION AT THE WIPP SITE BOUllDARY (1991 Het. Data) 
•••Coar•• Receptor Grid (400. X 400.)/1000 14/m•3 Source Cone. 

*** K>DELIRG OPTIONS USED: CONC RURAL ELEV FLGPOL 

*** FREQUENCY OF OCCURREllCE OF WIND SPEED, DIRECTION ARD STABILITY *** 

FILE: C:\K>DELS\HET\CBD91.STR FORHAT: C7X,6F7.5) 
SURFACE STATION NO.: 11111 UPPER AIR STATION NO. : lllll 

NAME: CARLSBAD NAME: UlOOIOWll 
YEAR: 1991 YEAR: 1991 

ARRUAL: STABILITY CATEGC:llY A 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WI1D SPEED WIND SPEED 
CATEGORY l CATEGORY 2 CATIGCllY 3 CATIGCRY 4 CATIGCllY 5 CADGOllY 6 

DIRECTION ( l.000 HIS) ( 2.250 HIS> ( 4.050 HIS) < 6.550 HIS> < 9.250 HIS) (12.500 HIS) 
<DEGREES) ----------- ----------- ----------- ----------- ----------- -----------

.000 .00010000 .00059000 .00000000 . .00000000 .00000000 .00000000 
22.500 .00018000 .00106000 .00000000 .00000000 .00000000 .00000000 
45.000 .00027000 .00082000 .00000000 .00000000 .00000000 .00000000 
67.500 .00020000 .00035000 .00000000 .00000000 .00000000 .00000000 
90.000 .00027000 .00082000 .00000000 .00000000 .00000000 .00000000 

112.500 .00025000 .00070000 .00000000 .00000000 .00000000 .00000000 
135.000 .00045000 .00106000 .00000000 .00000000 .00000000 .00000000 
157.500 .00037000 .00141000 .00000000 .00000000 .00000000 .00000000 
180.000 .00022000 .00047000 .00000000 .00000000 .00000000 .00000000 
202.500 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000 
225.000 .00008000 .00047000 .00000000 .00000000 .00000000 .00000000 
247.500 .00014000 .00000000 .00000000 .00000000 .00000000 .00000000 
270.000 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000 
292.500 .00014000 .00000000 .00000000 .00000000 .00000000 .00000000 
315.000 .00006000 .00035000 .00000000 .00000000 .00000000 .00000000 
337.500 .00002000 .00012000 .00000000 .00000000 .00000000 .00000000 

ARRUAL: STABILITY CAT!GCRY ! 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED Wiim SPEED Wiim SPEED 
CA'l'EGOllY 1 CA'l'EGOllY 2 CAT!GCRY 3 CA'l'EGOllY 4 CAT!GCllY 5 CADGOllY 6 

DIRECTION C 1.000 HIS) ( 2.250 HIS> C 4.050 HIS) C 6.550 HIS> C 9.250 HIS> (12.500 HIS) 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------

.000 .00152000 .00211000 .00129000 .00000000 .00000000 .00000000 
22.500 .00115000 .00211000 .00106000 .00000000 .00000000 .00000000 
45.000 .00090000 .00223000 .00164000 .00000000 .00000000 .00000000 
67.500 .00107000 .00282000 .00082000 .00000000 .00000000 .00000000 
90.000 .00114000 .00311000 .00117000 .00000000 .00000000 .00000000 

112.500 .00086000 .00341000 .00211000 .00000000 .00000000 .00000000 
135.000 .00180000 .00623000 .00294000 .00000000 .00000000 .00000000 
157 .500 .00206000 .00634000 .00599000 .00000000 .00000000 .00000000 
180.000 .00156000 .00458000 .00446000 .00000000 .00000000 .00000000 
202.500 .00034000 .00129000 .00070000 .00000000 .00000000 .00000000 
225.000 .00021000 .00129000 .00023000 .00000000 .00000000 .00000000 
247.500 .00031000 .00082000 .00023000 .00000000 .00000000 .00000000 
270.000 .00116000 .00047000 .00059000 .00000000 .00000000 .00000000 
292.500 .00017000 .00059000 .00000000 .00000000 .00000000 .00000000 
315.000 .00015000 .00035000 .00012000 .00000000 .00000000 .00000000 
337.500 .00052000 .00023000 .00047000 .00000000 .00000000 .00000000 

ADii 14 
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Air Dispersion Modeling 

*** ISCLT2 - V!RSIOH 93109 ... ... HAXnlJH COfiC!ltmATIOR AT TBE WIPP SITE BOtllm.ARY (1991 Het.. Dat.a) ••• 04/11/95 
... Coarae Receptor Grid (400m X 400m)/1000 111tm•3 Source Cone. • •• 11:48:05 

PAGE 14 
" fa>!LI1'G OPTIOHS USED: COIC 1WRAL !L!V FLGPOL 

••• FR!QU!RCY OF OCCURRllC! OF WIID SPEED, DIRECTION ARD STABILITY ••• 

FILE: C:\KX)!LS\H!T\CBD91.STll FOllHAT: C7X,6F7.5) 
SUllFACE STATION llO.: 11111 UPPER AIR STATION RO. : 11111 

RAHE: CARLSBAD RAHE: tnnafOWK 
YEAR: 1991 YEAR: 1991 

AlllfUAL: STABILITY CATEGORY c 

WIID SPEED WIID SPDD WIID SPDD WIND SPDD WIND SPEED WIND SPEED 
CATEGORY 1 CADGCllY 2 CAT!GCllY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

DIRECTION C 1.000 HIS) C 2.250 HIS) < 4.050 HIS) C 6.550 HIS) C 9.250 HIS> (12.500 HIS) 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------

.000 .00115000 .00305000 .005117000 .00106000 .00012000 .00000000 
22.SOO .00036000 .00211000 .00294000 .00012000 .00000000 .00000000 
45.000 .00037000 .00223000 .00141000 .00023000 .00000000 .00000000 
67.500 .00052000 .00282000 .00106000 .00000000 .00000000 .00000000 
90.000 .00037000 .00235000 .00223000 .00035000 .00000000 .00000000 

112.SOO .00042000 .00317000 .0031111000 .00047000 .00023000 .00000000 
135.000 .00058000 .00399000 .001193000 .00294000 .00000000 .00000000 
157.500 .00027000 .00505000 .01480000 .002511000 .00012000 .00000000 
180.000 .00062000 .00470000 .010111000 .002511000 .00012000 .00012000 
202.500 .00017000 .000112000 .00141000 .00047000 .00000000 .00012000 
225.000 .00030000 .00094000 .00106000 .000112000 .00012000 .00000000 
247.500 .000211000 .00059000 .00153000 .00164000 .00047000 .00012000 
270.000 .00040000 .00059000 .00200000 .00270000 .00223000 .00070000 
292.500 .00078000 .00070000 .00129000 .00070000 .00012000 .00023000 
315.000 .00069000 .00141000 .00153000 .00012000 .00000000 .00000000 
337.500 .00023000 .00200000 .00211000 .00035000 .00012000 .00000000 

AIRUAL: STABILITY CATEGORY D 

WIND SPEED WIND SPEED WIID SPEED WIID SPEED WIID SPDD WIND SPEED 
CATEGORY 1 CATEGallY 2 CAT!GCllY 3 CATEGallY 4 CATEGallY 5 CATEGORY 6 

DIRECTIOH C 1.000 HIS) C 2.250 HIS) C 4.050 HIS> C 6.550 HIS> C 9.250 HIS) C12.500 HIS> 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------.000 .00134000 .00564000 .01304000 .01527000 .00200000 .00035000 

22.500 .00074000 .00611000 .00493000 .00364000 .00035000 .00000000 
45.000 .00065000 .00505000 .00411000 .00223000 .00023000 .00000000 
67.500 .00082000 .0031111000 .00576000 .00223000 .00000000 .00012000 
90.000 .001311000 .00451000 .00505000 .00211000 .00035000 .00000000 

112.500 .00063000 .00470000 .00529000 .00317000 .00047000 .00023000 
135.000 .00049000 .00623000 .00904000 .013116000 .00212000 .00012000 
157.500 .00075000 .00623000 .02115000 .01903000 .00111000 .00023000 
180.000 .00108000 .00717000 .01797000 .01269000 .00059000 .00012000 
202.500 .00040000 .00111000 .00411000 .00451000 .00129000 .00035000 
225.000 .000311000 .00164000 .00317000 .00311000 .00164000 .00035000 
247.500 .00046000 .00106000 .00435000 .01269000 .00305000 .00223000 
270.000 .00065000 .00176000 .00646000 .02784000 .01457000 .00916000 
292.500 .00049000 .00294000 .00317000 .00928000 .00317000 .00164000 
315.000 .00091000 .00352000 .00670000 .00634000 .00082000 .00023000 
337.500 .00093000 .00376000 .00975000 .01480000 .00270000 .00035000 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** HAXD«M CXlllCEhlkATIOll AT TB! WIPP SITE IOURDAllY (1991 Het. Data) 
*** CouH Jleceptor Grid (400. X 400.)/1000 ,,g/ma3 Source Cone. 

*** K>DELING OPTIONS USED: CONC RURAL ELEV FLGPOL 

DlllEC'lION 
(DEGREES> 

.000 
22.500 
45.000 
67 .500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DlllEC'lION 
<DEGREES> 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

*** FREQUENCY OF OCCURRENCE OF WIRD SPEED, DIRECTIOll ARD STABILITY *** 

FILE: C:\K>DELS\HET\CBD91.STR 
SURFACE STATION NO.: 11111 

HAHE: CARLSBAD 
YEAR: 1991 

FORMAT: (7X,6F7 .5) 
UPPIR AIR STATION RO.: 11111 

RliHE: UNJCJIOWN 
YEAR: 1991 

ADUAL: STABILITY CATEGORY ! 

WIRD SPEED WIRD SPEED WIRD SPIED WIRD SPIED WIRD SPIED WIRD SPEED 
CATEGORY l CATZGCllY 2 CATIOCllY 3 CATZGCllY 4 CATIGCllY 5 CATEGORY 6 

( 1.000 HIS) ( 2.250 HIS> ( 4.050 HIS) ( 6.550 HIS) ( 9.250 HIS> (12.500 HIS) 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00470000 

.00200000 

.00223000 

.00200000 

.00223000 

.00305000 

.00411000 

.00705000 

.00975000 

.00411000 

.00247000 

.00388000 

.00576000 

.00470000 

.00388000 

.00270000 

.00611000 

.00200000 

.00141000 

.00106000 

.00094000 

.00106000 

.00341000 

.00975000 

.01809000 

.00916000 

.00646000 

.01010000 

.01797000 

.01011000 

.00634000 

.00458000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADUAL: STABILITY CATZGCllY F 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIRD SPIED WIRD SPIED WIRD SPIED WIRD SPIED WIRD SPIED WIRD SPIED 
CATEGORY 1 CAT!GCIRY 2 CATIGCllJ 3 CATIGCllJ 4 CATIGClll 5 CAT!GCIRY 6 

( 1.000 H/S) ( 2.250 HIS) ( 4.050 HIS) ( 6.550 H/S) ( 9.250 H/S) (12.500 H/S) 

.00407000 

.00238000 

.00137000 

.00193000 

.00248000 

.00159000 

.00319000 

.00544000 

.00568000 

.00352000 

.00358000 

.00376000 

.00579000 

.00469000 

.00281000 

.00281000 

.00858000 

.00446000 

.00258000 

.00176000 

.00305000 

.00552000 

.00564000 

.01339000 

.02408000 

.00951000 

.00893000 

.01151000 

.01515000 

.01410000 

.00904000 

.00693000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

sm. OF FRIQU!ICIIS, notAL • 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.99990 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADii• 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

*** 
*** 
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Air Dispersion Modeling 

••• ISCLT2 - VERSIOH 93109 .... .... HAX:nll! CCftCEHTRATION AT THE WIPP SITE JIOUIQ)ARY (1991 Het. Data) 
.... Coar•• Receptor Grid (400m X 400m)/1000 ,.g/m-3 Source Cone. 

' K:>D!LIHG OPTIOll'S USED: COll'C RURAL EL!V FLGPOL 

.... TS! ARRUAL AVERAGE COllCEHTRATIOH VALUES FOR SOURCE GROUP: ALL ••• 
IHCLUDIRG SOURCECS): 1 • 2 

.... RE?WOIUC ID: COARSE ; RE'lWOIUC TYPE: GRIDCART *** 

** COHC OF AHY IH HICROGllAHS/H**3 •• 

Y-COORD I X-COORD (METERS) 
<METERS> -3289.53 -2889.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - ------
3230.19 .017480 .022189 .028495 .036566 .046689 .058734 .06'893 
2830.19 .017529 .021529 .028148 .037264 .049194 .064374 .080113 
2430.19 .018338 .021572 .028963 .039495 .054535 .069688 .092159 
2030.19 .018821 .023966 .029083 .038172 .054881 .079957 .114696 
1630.19 .018764 .024334 .032255 .040897 .056815 .088951 .140359 
1230.19 .018886 .022032 .032013 .041867 .056560 .092930 .152533 
830.19 .020516 .025592 .032767 .040249 .055354 .082641 .147866 
430.19 .021859 .025680 .033137 .041045 .052490 .070272 .110073 
30.19 .021354 .025017 .029837 .033268 .041042 .052531 .071910 

-369.81 .017653 .018819 .021722 .025470 .033373 .041194 .053357 
-769.81 .014268 .014927 .018191 .020859 .024472 .029409 .044304 

-1169.81 .012224 .012659 .014317 .017655 .020399 .025731 .035346 
-1569.81 .010695 .011168 .013373 .015009 .018256 .021761 .029045 
-1969.81 .008950 .009826 .012371 .013681 .015835 .020321 .023902 
-2369.81 .008447 .009182 .010653 .012098 .015043 .017337 .022993 
-2769.81 .007486 .008551 .010182 .011589 .013156 .016047 .022473 
-3169.81 .007029 .007746 .009218 .011038 .012349 .014980 .019853 
-3569.81 .006422 .007521 .008859 .009804 .011574 .013803 .017475 

••• 
••• 

-489.53 
------

.077698 

.096552 

.131518 

.161881 

.217112 

.268063 

.333087 

.289425 

.127608 

.080945 

.068363 

.050934 

.045765 

.038969 

.035587 

.029741 

.025078 

.021330 

04/11/95 
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-89.53 
------

.089577 

.120106 

.153758 

.195671 

.260841 

.368861 

.574563 

.723118 

.229535 

.209651 

.173133 

.113601 

.080394 

.060213 

.050781 

.043540 

.030318 

.025162 



;: ... Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** •- HAXD«lf CClC!Rl'RATIOll AT TllE WI1'P SITE llOURDMY (1991 Het.. Det.a) 
•- Coarae Receptor Grid (400. X 400.)/1000 '4/••3 So11rc• Cone. 

*** t«>DELIMG OPTIONS USED: CORC RURAL EI.IV FLGP0L 

-• rm: AllfUAL AVER.AGE COllCDIJIATIOll VALUES FOR SOURCE GROUP: ALL *** 
IMCLUDIIG SOURCE<S>: l , 2 

-• RE'niCllUC m: COARSI RETWCllJC TYPE: GR.IDCAllT *** 

** COllC OF ltJf'l IR HICRCGRAHS/H**3 ** 

Y-COORD X-coaRD (METERS) 
(H!TERS) 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 
- - - - - - - - - - -- - - - - - - ------ - - - - - ------
3230.19 .082492 .067563 .050258 .038340 .034860 .031443 .028236 
2830.19 .101757 .074871 .051376 .043640 .038930 .034476 .030431 
2430.19 .126154 .086095 .056812 .049987 .043443 .037617 .034928 
2030.19 .152885 .092374 .067436 .057360 .048290 .044175 .041177 
1630.19 .188328 .097282 .080437 .065303 .058673 .053620 .048352 
1230.19 .229575 .123628 .095154 .083172 .073926 .064606 .056284 
830.19 .246633 .154634 .130602 .110797 .091820 .080411 .070685 
430.19 .190281 .246823 .194164 .159017 .128211 .104919 .087414 

30.19 .818384 .476041 .324183 .223308 .164693 .127745 .102739 
-369.81 .195621 .262392 .235781 .182169 .142301 .114157 .093838 
-769.81 .161360 .138632 .157696 .133979 .111835 .095161 .081212 

-1169.81 .111984 .096413 .107385 .098317 .088149 .077653 .068128 
-1569.81 .090405 .076751 .085496 .072732 .068182 .063092 .057449 
-1969.81 .074042 .064504 .060817 .060898 .053314 .050668 .047887 
-2369.81 .052159 .051530 .046963 .049157 .046079 .041250 .039652 
-2769.81 .041488 .041853 .037690 .037297 .038661 .036536 .033198 
-3169.81 .033755 .032184 .029915 .030554 .032188 .032367 .029897 
-3569. 81 .026041 .027005 .025582 .025393 .027042 .028001 .026240 

ADllA 

*** 
*** 

3110.47 
- - - - -

.025310 

.028538 

.032949 

.037965 

.043499 

.050244 

.062190 

.074082 

.084941 

.078749 

.069980 

.060524 

.052115 

.044642 

.036774 

.031211 

.026773 

.023489 
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3510.47 ------
.023915 
.027169 
.030816 
.034830 
.039137 
.046057 
.055065 
.063880 
.071905 
.067405 
.061026 
.054047 
.047226 
.041331 
.035903 
.030178 
.026744 
.021851 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** -• HAXIHllH CORCERTRATIOR AT THE WIPP SITE BOllHDAllY (1991 Het. Data) 
-• Coarae Receptor Grid (400m X 400m)/1000 1'&/m-3 Source Cone. 

H:>DELIRG OPTIOHS USED: COllC RURAL ELEV FLGPOL 

*** THE ARRUAL AVERAGE COhCENtMTIOR VALUES FOR SOURCE GROUP: ALL *** 
IRCLUDillG SOIJRCE(S): 1 , 2 

*** DISCRETE CARTESIAN JlEC!PTCll POINTS *** 

** COhC OF Alf'! IR HICROGRAHS/H**3 ** 

X-COORD CH) Y-COORD <H> CORC X-COORD (H) Y-COORD (H) CORC ------- ------ - - - - - - - - - - - - - - - - ------
.00 2980.24 .107279 1236.45 2985.05 .044308 

2991.88 2991.88 .027207 3233.75 1339.46 .046037 
3239.75 .oo .080867 3245.78 -1344.45 .0.54489 
32.54.34 -3254.34 .024466 1430.39 -3453.24 .028136 

.00 -3458.37 .028810 -1434.65 -3463.51 .010135 
-3190.77 -3190.77 .007121 -3199.06 -1325.09 .011296 
-3204.94 .00 .014319 -3210.8.5 1329.98 .019261 
-2968.68 2968.68 .02081.5 -1232.47 2975.44 .0826.58 

ADii• 

*** 
*** 

04/11/95 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** MAXIHUH COICD?RATIOlf AT '1'BE WIPP SITE llOURDARY (1991 Met. Data) 
*** CoarH Rae.pt.or Grid (400m X 400m)/1000 '4/llA3 Source Cone. 

*** 
*** 

*** M'lDELING OPTIONS USED: COlfC RURAL EL!V FLGPOL 

*** '1'BE MAXIMUH 10 AllnJAL AVERAGE CORC!1'1RATIOM 
IRCLUDillG SCJURCE(S): 1 , 2 

** CORC OF ARY IR HICRCGRAMS/H**3 

RARX COllC AT REC!PTCll <XR, Yll> OF TYPE RARX 
- - - - - - - -

1. .818384 AT 310.47, 
2. .723118 AT -89.53, 
3. .574563 AT -89.53, 
4. .476041 AT 710.47, 
5. .368861 AT -89.53, 

*** RECEP'l'OR TYPES: GC • GRIDCAJlT 
GP • GRIDl'OLll 
DC • DISCCART 
DP • DISCl'OLll 
BD • llOURDAJlY 

- - - -- - - - - - -
30.19) GC 6. 

430.19) GC 7. 
830.19) GC 8. 
30.19) GC 9. 

1230.19) GC 10. 

VALUES Fat GROUP: ALL 

** 

COBC AT RECEP'l'OR 
- - - - -

.333087 AT -489.53, 

.324183 AT 1110.47, 

.289425 AT -489.53, 

.268063 AT -489.53, 

.262392 AT 710.47, 

ADii• 

••• 

(XR, YR) OF TYPE 
- - - - - - - -

830.19) GC 
30.19) GC 

430.19) GC 
1230.19) GC 
-369;81) GC 

04/11/95 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** HAXIHUH CONCDITRATIOlf AT THE WIPP SITE J!OUllDARY (1991 Het. Data) 
*** Coarse Receptor Grid C400m X 400m)/1000 ,.g/m·3 Source Cone. 

• K>DELIBG OPTIONS USED: CCBC RIJllAL ELEV FLGPOL 

••• H•••aa• Summary For ISC2 Hodel Execution ••• 

A Total of 
A Total of 
A Total of 

Summary Of Total H•••aa•• --------

0 Fatal Error Hea1age(1) 
O Warning He11age(1) 
0 Informational He••aa•<•> 

******** FATAL ERROR HESSAGES ******** 
*** HORE *** 

******** WARRING HESSAGES ******** 
*** ROHE *** 

************************************ 
*** ISCLT2 Finishes Successfully *** 
************************************ 

••• 
• •• 

04/11/95 
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Air Dispersion Modeling 

ISCLT2 - <DATED 93109) 

IBH-PC VERSIOlf 2.13 ISCLT2 
CC) COPYIUGBT 1992, TRIWITY COKSULTAKTS, I1'C. 
SERIAL Rle!R 971a SOLD TO WESTIRGBOUSE ELECTJlIC CORP 

Run Began on 4/11/1995 at 11:49:55 

CO STARTING 
CO TITLEORE llllZDUI amcan:u.nm Ar DI llI!'P SID D""M! (1992 ... t. Data) 
CO TITLETWO Coane boept.or Grid (40Cla Z 40Cla)/1000 141m•3 Soaroe C-. 
CO K:IDELOPT COKC RURAL 
CO AVER.TIME AMICUAL 
CO l'OLLUTID·Mf't 
CO TEllUGTS ELEV 
CO ELEVUXIT FEET 
CO FLAGPOLE 1.500000 
CO RUKOIUIOT llUB 
CO FIRISB!D 
SO STARTIIG 
SO LOCATIOlf 1 POIRT 0.00 0.00 1039.37 
SO SRCPAJIAH 1 0.100000 a.20 2aa.ao 4.659a 4.400 
SO LOCATIOlf 2 POIRT 0.00 7.20 1039.37 
SO SRCPAJIAH 2 0.100000 a.20 2aa.ao 4.659a 4.400 

0.00 
0.00 

SO BUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO BUILDBGT 1 0.00 3.ao 0.00 10.40 0.00 
SO BUILDBGT 1 0.00 6.10 6.10 6.10 
SO BUILDWID l 2.35 0.00 0.00 0.00 0.00 

o.oo 
0.00 
o.oo SO BUILDWID 1 0.00 1.35 0.00 2.83 

so BUILDWID l o.oo a.ea 9.a5 13.20 
SO BUILDBGT 2 3.50 0.00 0.00 0.00 0.00 

0.00 
o.oo 
0.00 SO BUILDBGT 2 0.00 3.80 0.00 10.40 

SO BUILDBGT 2 0.00 6.10 6.10 6.10 
SO BUILDWID 2 1.09 0.00 0.00 0.00 0.00 

o.oo 
0.00 
0.00 SO BUILDWID 2 0.00 1.35 0.00 2.83 

so BUILDWID 2 0.00 a.aa 9.85 13.20 
SO EHISURIT 1000000.000000 GRNIS/SEC HICllCGRAtll/H'"*3 
SO SRCGROUP ALL 
SO FIRISBED 
RE STARTING 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COAR.SI 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COAR.SI 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COAR.SI 
RE GRIDCART COARSE 
RE GRIDCART COAR.SI 
RE GRIDCART COAR.SI 
RE GRIDCART COARSE 
RE GRIDCART COAR.SI 
RE GRIDCART COAR.SI 
RE GRIDCART COAR.SI 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCAllT COARSE 
RE GIW>CAJlT COARSE 
RE GRIDCART COARSE 
JIE GRIDCART COARSE 
RE GRIDCAlr COARSI 
JIE GRIDCART COARSE 
JIE GRIDCAllT COARSE 
JIE GRlDCAllT COARSE 

STA 
XYIRC -3289.53 18 400.00 -3569.81 18 400.00 
ELEV 1 3300.00 3310.01 3320.01 3320.01 
ELEV 1 3329.99 3329.99 3329.99 3329.99 
ELEV 1 3329.99 3339.99 3360.01 3370.01 
ELEV l 3389.99 3410.01 3429.99 3429.99 
ELEV 1 3420.01 3420.01 
ELEV 2 3310.01 3310.01 
ELEV 2 3329.99 3339.99 
ELEV 2 3339.99 3360.01 
ELEV 2 3400.00 3420.01 
ELEV 2 3429.99 3440.03 
ELEV 3 3310.01 3320.01 
ELEV 3 3329.99 3339.99 
ELEV 3 3370.01 3370.01 
ELEV 3 3410.01 3430.02 
ELEV 3 3429.99 3429.99 
ELEV 4 3320.01 3320.01 
ELEV 4 3339.99 3339.99 
ELEV 4 3370.01 3379.99 
ELEV 4 3429.99 3450.00 
ELEV 4 3429.99 3439.99 
ELEV 5 3320.01 3320.01 
ELEV 5 3339.99 3350.00 
ELEV 5 3370.01 3400.00 
ELEV 5 3460.01 3460.01 
ELEV 5 3450.00 3460.01 
ELEV 6 3339.99 3329.99 
ELEV 6 3350.00 3350.00 
ELEV 6 3379.99 3400.00 

3320.01 3329.99 
3339.99 3339.99 
3370.01 3379.99 
3460.01 3439.99 

3330.02 
3350.00 
3389.99 
3450.00 

3329.99 
3350.00 
3400.00 
3439.99 

3329.99 3329.99 
3350.00 3360.01 
3400.00 3410.01 
3439.99 3450.00 

3339.99 
3350.00 
3410.01 
3450.00 

3339.99 
3360.01 
3420.01 
3439.99 

3339.99 3339.99 
3360.01 3370.01 
3410.01 3439.99 



Air Dispersion Modeling 

RE GRIDCAR.T COARSE ELEV 6 3460.01 3460.01 3460.01 3460.01 
.11UDCAR.T COARSE ELEV 6 3460.01 3470.01 

'UDCAR.T COARSE ELEV 7 3350.00 3339.99 3339.99 3350.00 
, .AIDCAR.T COARSE ELEV 7 3350.00 3360.01 3370.01 3379.99 
it:£·"'GRIDCAR.T COARSE ELEV 7 3389.99 3400.00 3410.01 3439.99 
RE GRIDCAR.T COARSE ELEV 7 3470.01 3470.01 3470.01 3479.99 
RE GRIDCAR.T COARSE ELEV 7 3489.99 3500.00 
RE GRIDCAR.T COARSE ELEV 8 3360.01 3350.00 3360.01 3360.01 
RE GRIDCAR.T COARSE ELEV 8 3360.01 3360.01 3379.99 3389.99 
RE GRIDCAR.T COARSE ELEV 8 3400.00 3410.01 3420.01 3439.99 
RE GRIDCAR.T COARSE ELEV 8 3470.01 3479.99 3489.99 3500.00 
RE GRIDCART COARSE ELEV 8 3510.01 3520.01 
RE GRIDCAR.T COARSE ELEV 9 3379.99 3370.01 3370.01 3370.01 
RE GRIDCART COARSE ELEV 9 3379.99 3379.99 3379.99 3389.99 
RE GRIDCAR.T COARSE ELEV 9 3400.00 3410.01 3429.99 3450.00 
RE GRIDCAR.T COARSE ELEV 9 3470.01 3500.00 3510.01 3520.01 
RE GRIDCAR.T COARSE ELEV 9 3529.99 3550.00 
RE GRIDCAR.T COARSE ELEV 10 3400.00 3400.00 3400.00 3389.99 
RE GRIDCAR.T COARSE ELEV 10 3389.99 3389.99 3389.99 3400.00 
RE GRIDCAR.T COARSE ELEV 10 3410.01 3420.01 3429.99 3450.00 
RE GRIDCAR.T COARSE ELEV 10 3470.01 3!100.00 3!110.01 3!129.99 
RE GRIDCAR.T COARSE ELEV 10 3!139.99 3!1!10.00 
RE GRIDCAR.T COARSE ELEV 11 3400.00 3400.00 3410.01 3410.01 
RE GRIDCAR.T COARSE ELEV 11 3410.01 3410.01 3410.01 3420.01 
RE GRIDCART COARSE ELEV 11 3420.01 3420.01 3439.99 3460.01 
RE GRIDCART COARSE ELEV 11 3479.99 3510.01 3!110.01 3!129.99 
RE GRIDCART COARSE ELEV 11 3!139.99 3539.99 
RE GRIDCART COARSE ELEV 12 3389.99 3400.00 3410.01 3410.01 
RE GRIDCAR.T COARSE ELEV 12 3410.01 3410.01 3420.01 3429.99 
RE GRIDCAR.T COARSE ELEV 12 3439.99 3439.99 3439.99 3460.01 
RE GRIDCAR.T COARSE ELEV 12 3479.99 3500.00 3500.00 3510.01 
RE GRIDCART COARSE ELEV 12 3!120.01 3529.99 
RE GRIDCART COARSE ELEV 13 3379.99 3379.99 3400.00 3400.00 
RE GRIDCART COARSE ELEV 13 3400.00 3420.01 3420.01 3429.99 
RE GRIDCART COARSE ELEV 13 3460.01 3460.01 3460.01 3470.01 

"11UDCART COARSE ELEV 13 3489.99 3!100.00 3489.99 3!100.00 
" UDCART COARSE ELEV 13 3!100.00 3!110.01 

llDCAllT COARSE ELEV 14 3370.01 3379.99 3389.99 3389.99 
·.JC.:; CIU:DCART COARSE ELEV 14 3400.00 3410.01 3420.01 3439.99 
RE GRIDCART COARSE ELEV 14 3460.01 3460.01 3470.01 3470.01 
RE GRIDCART COARSE ELEV 14 3479.99 3479.99 3479.99 3489.99 
RE GRIDCART COARSE ELEV 14 3489.99 3!100.00 
RE GRIDCART COARSE ELEV 1!1 3360.01 3370.01 3370.01 3379.99 
RE GRIDCART COARSE ELEV 1!1 3389.99 3400.00 3410.01 3429.99 
RE GIUDCART COARSE ELEV 1!1 34!10.00 3460.01 3460.01 3460.01 
RE GRIDCAllT COARSE !L!V 1!1 3470.01 3470.01 3470.01 3479.99 
RE GRIDCART COARSE ELEV 1!1 3!100.00 3!110.01 
RE GRIDCART COARSE ELEV 16 3350.00 3350.00 3370.01 3379.99 
RE GRIDCART COARSE !L!V 16 3389.99 3389.99 3400.00 3429.99 
RE GRIDCAJlT COARSE !L!V 16 3439.99 3460.01 34!10.00 34!10.00 
RE GRIDCAllT COARSE !L!V 16 3450.00 3460.01 3470.01 3489.99 
RE GRIDCART COARSE ELEV 16 3500.00 3510.01 
RE GIUDCART COARSE ELEV 17 3339.99 3350.00 3360.01 3370.01 
RE GRIDCART COARSE ELEV 17 3379.99 3389.99 3400.00 3410.01 
RE GRIDCART COARSE !L!V 17 3429.99 3429.99 3429.99 3439.99 
RE GRIDCAJlT COARSE !L!V 17 3450.00 3460.01 3470.01 3489.99 
RE GRIDCART COARSE ELEV 17 3510.01 3520.01 
RE GRIDCAllT COARSE !L!V 18 3339.99 3350.00 3360.01 3370.01 
RE GRIDCART COARSE ELEV 18 3379.99 3389.99 3389.99 3400.00 
RE GRIDCART COARSE !L!V 18 3410.01 3420.01 3429.99 3439.99 
RE GRIDCAJlT COARSE ELEV 18 3450.00 3460.01 3479.99 3489.99 
RE GRIDCAllT COARSE ELEV 18 3500.00 3510.01 
RE GRIDCART COAJtSi FLAG 1 1.50 1.50 1.!10 1.50 
RE GRIDCART COARSE FLAG 1 1.50 1.50 1.!10 1.!10 
RE GIUDCART COARSE FLAG 1 1.50 1.50 1.!10 1.!10 
RE GRIDCART COARSE FLAG 1 1.50 1.!10 1.!10 1.!10 
RE GRIDCART COARSE FLAG 1 1.!10 1.50 
RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 

11UDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 
UDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 
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RE GJlIDCART COARSE FLAG 2 1.50 1.50 
RE GJUDCART COARSE FLAG 3 1.50 1.50 1.50 1.50 
RE GJUDCART COARSE FLAG 3 1.50 1.50 1.50 1.50 !*" .. 

RE GJUDCAllT COARSE FLAG 3 1.50 1.50 1.50 1.50 

"""'"' 
' 

RE GJUDCAllT COARSE FLAG 3 1.50 1.50 1.50 1.50 
RE GJlIDCAllT COARSE FLAG 3 1.50 1.50 
RE GJUDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 4 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 4 1.50 1.50 1.50 1.50 
RE GJUDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
RE GJUDCART COARSE FLAG 4 1.50 1.50 
RE GJUDCAJlT COARSE FLAG 5 1.50 1.50 1.50 1.50 
RE GJUDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 5 1 • .50 1 . .50 1.50 1 . .50 
RE GJlIDCAllT COARSE FLAG .5 1.50 1 • .50 1 . .50 1.50 
RE GIUDCAllT COARSE FLAG .5 1 • .50 1.50 
RE GRIDCART COARSE FLAG 6 1 • .50 1 • .50 1.50 1 • .50 
RE G1UDCART COARSE FLAG 6 1 • .50 1 • .50 1.50 1 • .50 
RE G1UDCART COARSE FLAG 6 1 • .50 1 • .50 1.50 1 • .50 
RE GJlIDCAllT COARSE FLAG 6 1 • .50 1 • .50 1 • .50 1 • .50 
RE GJlIDCAlll' COARSE FLAG 6 1 • .50 1 • .50 
RE GJUDCAllT COARSE FLAG 7 1 • .50 1 . .50 1 • .50 1.50 
RE GJlIDCAllT COARSE FLAG 7 1 • .50 1 • .50 1 • .50 1.50 
RE GJlIDCAllT COARSE FLAG 7 1 • .50 1 • .50 1 • .50 1.50 
RE G1UDCAllT COARSE FLAG 7 1 . .50 1 . .50 1 • .50 1.50 
RE GJUDCAllT COARSE FLAG 7 1.50 1.50 
RE GJUDCAllT COARSE FLAG 8 1 • .50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 8 1 • .50 1.50 1.50 1 . .50 
RE GJlIDCAlll' COARSE FLAG 8 1 • .50 1.50 1.50 1.50 
RE G1UDCAllT COARSE FLAG 8 1.50 1.50 1 • .50 1 • .50 
RE GJUDCAlll' COARSE FLAG 8 1.50 1.50 
RE GJlIDCAllT COARSE FLAG 9 1.50 1.50 1 • .50 1.50 
RE GllIDCAllT COARSE FLAG 9 1.50 1.50 1.50 1 • .50 
RE G1UDCAllT COARSE FLAG 9 1.50 1 • .50 1 • .50 1 • .50 
RE GJlIDCAllT COARSE FLAG 9 1.50 1.50 1.50 1.50 
RE.GJUDCAllT COARSE FLAG 9 1.50 1.50 
KE GIUDCAllT COARSE FLAG 10 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 10 1.50 1.50 1 • .50 1.50 
RE GIUDCAllT COARSE FLAG 10 1 • .50 1.50 1 • .50 1.50 """"'' RE G1UDCAllT COARSE FLAG 10 1.50 1.50 1 • .50 1.50 
RE GJlIDCAllT COARSE FLAG 10 1.50 1 • .50 
RE G1UDCAllT COARSE FLAG 11 1 . .50 1 • .50 1 • .50 1.50 
RE GJlIDCAllT COARSE FLAG 11 1.50 1 • .50 1 • .50 1 • .50 
RE GIUDCAllT COARSE FLAG 11 1 • .50 1 • .50 1 • .50 1.50 
RE GIUDCAllT COARSE FLAG 11 1 • .50 1.50 1.50 1 • .50 
RE G1UDCAllT COARSE FLAG 11 1 • .50 1 • .50 
RE GIUDCAllT COARSE FLAG 12 1.50 1 • .50 1 • .50 1.50 
RE GIUDCAllT COARSE FLAG 12 1 . .50 1 • .50 1 • .50 1.50 
RE GJUDCAllT COARSE FLAG 12 1 . .50 1.50 1.50 1.50 
RE GRIDCAllT COARSE FLAG 12 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 12 1.50 1.50 
RE G1UDCAllT COARSE FLAG 13 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 13 1.50 1.50 1.50 1 • .50 
RE GJlIDCAllT COARSE FLAG 13 1.50 1 • .50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 13 1.50 1.50 1 • .50 1.50 
RE GJUDCAllT COARSE FLAG 13 1 • .50 1 • .50 
RE GJUDCAllT COARSE FLAG 14 1 • .50 1 • .50 1 . .50 1 . .50 
RE GJUDCAllT COARSE FLAG 14 1.50 1 • .50 1.50 1 . .50 
RE GJUDCAllT COARSE FLAG 14 1 • .50 1 • .50 1 • .50 1 • .50 
RE GJUDCAllT COARSE FLAG 14 1 • .50 1 • .50 1 • .50 1 • .50 
RE GJUDCAllT COARSE FLAG 14 1 • .50 1 • .50 
KE GJUDCAllT COARSE FLAG 15 1.50 1.50 1 • .50 1 • .50 
RE GJlIDCAllT COARSE FLAG 1.5 1 • .50 1 • .50 1 • .50 1 • .50 
RE GJlIDCAllT COARSE FLAG 1.5 1 • .50 1 • .50 1 • .50 1 • .50 
RE GJUDCAllT COARSE FLAG 15 1.50 1.50 1 • .50 1 • .50 
RE GJlIDCAlll' COARSE FLAG 15 1.50 1 • .50 
RE GJlIDCAllT COARSE FLAG 16 1.50 1.50 1 • .50 1 • .50 
RE GRIDCAlll' COARSE FLAG 16 1 • .50 1.50 1 • .50 1 • .50 
KE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50 
RE GJUDCAllT COARSE FLAG 16 1.50 1.50 1 • .50 1 • .50 
RE GJlIDCAlll' COARSE FLAG 16 1.50 1.50 
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:mIDCART COARSE FLAG 17 
2IDCART COARSE FLAG 17 

''~' GRIDCART COARSE FLAG 17 
RE GRIDCART COARSE FLAG 17 
RE GRIDCART COARSE FLAG 17 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE FLAG 18 
RE GRIDCART COARSE E11D 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

RE DISCCART 0.00 2980.24 3420.01 1.50 
RE DISCCART 1236.45 2985.05 3439.99 1.50 
RE DISCCART 2991.88 2991.88 3500.00 1.50 
R! DISCCART 3233.75 1339.46 3500.00 1.50 
RE DISCCART 3239.75 0.00 3539.99 1.50 
RE DISCCART 3245.78 -1344.45 3479.99 1.50 
RE Dlscc:ART 3254.34 -3254.34 3420.01 1.50 
RE Dlscc:ART 1430.39 -3453.24 3400.00 1.50 
RE DISCCART 0.00 -3458.37 3339.99 1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

RE DISCCART -1434.65 -3463.51 3300.00 1.50 
RE DISCCART -3190.77 -3190.77 3310.01 1.50 
RE DISCCAR.T -3199.06 -1325.09 3339.99 1.50 
RE DISCCAR.T -3204.94 0.00 3339.99 1.50 
RE DISCCAR.T -3210.85 1329.98 3379.99 1.50 
RE DISCCAR.T -2968.68 2968.68 3350.00 1.50 
RE DISCCART -1232.47 2975.44 3900.00 1.50 
RE FIIUSBED 
ME STARTIRG 
ME IRPUTFIL C:\K)l)ELS\MET\CBD92.STR (7X,6F7.5) 
ME MmllGBT 10.000 METERS 
ME SURFDATA 11111 1992 CARLSBAD 
ME UAiltDATA 11111 1992 
. - STARDATA ANllUAL 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50 
AVETEHPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80 

" AVEHIXBT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
ME AVEHIXBT ANllUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
ME AV!HIXBT AllBUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AVEHIXBT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AVEHIXBT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AV!HIXBT AllBUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! Dl'BETADZ A 0.00 0.00 0.00 0.00 0.00 0.00 
ME DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00 
H! DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
H! Dl'BETADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTllE?ADZ E 0.01 0.01 0.01 0.01 0.01 0.01 
ME Dl'BETADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
H! FIHISBED 
OU STAltTIRG 
OU RECT.ABLE S1ICGRP 
OU HAXT.ABLE 10 SRCGRP 
OU PLOTFILE A11NUAL ALL C:\K)l)ELS\llHVPA092.GPB 70 
OU FIHISBED 

*********************************** 
*** SETUP Finishes Successfully *** 
*********************************** 

ADii 15 



Air Dispersion Modeling 

.,.. ISCLT2 - VDSICIR 93109 •- •- HAXDIJH CORCUikATICIR AT TB! WIPP SITE BOUllDARY (1992 Hat.. Dat.a) 
.... Coar•• Recept.or Grid (40Clm X 400m)/1000 ,.g/m•3 Source Cone. 

.,.. K>DELIRG OPTIOHS USED: COBC lWllAL ELEV FLGPOL 

ta>EL SETUP OPTIORS StHMRY *** 

**Hodel Ia Set.up For Calculat.ion of Average COBCent.rat.ion Valu••· 

**Hodel U••• RURAL Diaperaion. 

**Hodal U••• Uaer-Specified Opt.iona: 
1. Final Plwne Ri••· 
2. St.ack-t.ip Downwuh. 
3. Buoyancy-induced Diaperaion. 
4. Default. Wind Profile Ezpanant.a. 
5. UHr-Specified Vert.ical Pot.ent.ial T.aperat.ure Gradient.a. 

**Hodel Accept.a Recapt.ora on ELEV Terrain. 

**Hodel Accept.a FLAGPOLE Recept.or Height.a. 

**Hodel Calculat.•• 1 STAR Average(a) for t.he Following Hant.ha: 
Seaaona/Quart.era: 

and Annual: 

**Dat.a Fila Includes 1 STAR S\mlll&J:iea for t.h• Following Hant.ha: 

**Thia Run Includea: 2 Source(•): 

Seuona/Quart.era: 
and Annual: 

1 Source ~roup(a); and 

**The Hodel Aaaumea A Pollut.ant. Type of: MJY 

·**Hodel Set. To Cont.inu• RUHning Aft.er the Set.up Teat.ing. 

**Out.put Opt.ion• Select.ad: 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

340 llecapt.or(a) 

Hodel Out.put.a Tabla• of Lona Term Valuaa by llecept.or CRECTABLE Keyword) 
Hodel Out.puts Tables of HaziDD Long Term Values CHAXTABLE Keyword) 
Hodel Output.a Ext.ernal Fila(•) of Long Term Valuaa for Plot.t.ing CPLOTFILE Keyword) 

**Hiac. Input.a: Anem. Hgt. (111) • 10.00 : Decay Coaf. • .0000 Rot. Aqle • .o 
Emiaaion Unit.a • GRAMS/SEC : Em111ion llet.e Unit. Fact.or • 
Output Unit• • HIC3>GRAHS/H**3 

.10000E+o7 

**Input. Runatre8111 File: C:\!«>DELS\RHVPA092.DAT **Out.put. Print. File: C:U«>DELS\RHVPA092.LST 

ADii ii 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** HAXDIJM CORCDIRATIOH AT TBE WIPP SITE BOURDAR.Y (1992 Hat. Data) 
***Coar•• Receptor Grid (400m X 400m)/1000 ,,,.1m·3 Source Cone. 

MJDELIRG OPTIONS USED: CONC JW1W. ELEV FLGPOL 

*** POIRT SOURCE DATA *** 

*** 
*** 

04/11/95 
11:49:59 
PAGE 2 

NUMBER EMISSION RATE BASE STACIC STACIC STACIC STACK BUILDING EMISSION RATE 
SOURCE PART. (USER UNITS> x y ELEV. BEIGBT Tl.MP. EXIT VEL. DIAMETER EXISTS SCALAR VARY 

ID CATS. (H!TERS) (H!TERS) (H!TERS) (H!TERS) (DEG.IC) CH/SEC) <METERS) BY ------- - - - - - ------ - - - - - - - - - - - - - - - - - - - - -
1 0 .10000!+00 .o .0 1039.4 8.20 288.80 4.66 4.40 YES 
2 0 .10000!+00 .o 7.2 1039.4 8.20 288.80 4.66 4.40 YES 



Air Dispersion Modeling 

*** ISCLT2 - VERSiotf 93109 *** *** HAXIKJH CONC!JU'JtATIOR AT TB! WIPP SIT! JSOURDA1lY (1992 Met. Data) 
***Coar•• Receptor Grid (400m X 400.)/1000 1Ja/m·3 Source Cone. 

*** KX>!LIIG OPTIORS US:tJ>: COBC: 1WRAL EL!V FLGPOL 

*** SOURCE IDs DEFIRIIG SOURCE GROUPS ••• 

GROUP ID SOURCE IDs 

ALL 1 • 2 

ADii• 

... 
*** 

04/11/9, 
11:49:'9 
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Air .Dispersion Modeling 

'* ISCLT2 - VERSION 93109 *** *** MAXIM11t CONCDntATIOH AT TBE WIPP SITE BOIJRDAllY (1992 Het.. Oat.a) *** 04/11/95 
***Coar•• Rec•ptor Grid (400m X 400m)/1000 ,,g/m·3 Source Cone. *** 11:49:59 

PAGE 4 
·* K>DELING OPTIONS USED: CONC IWlW. ELEV FLGPOL 

*** DIRECTIOll SPECIFIC BUILDIHG DIHEllSIONS *** 

SOURCE ID: 1 
IFV BB BW WAK IFV BB BW WAIC IFV BB BW WAX IFV BB BW WAK 

1 10.4, 2.3, 0 2 .o, .0, 0 3 .o, .o, 0 4 .0, .0, 0 
5 .o. .o, 0 6 .o. .0, 0 7 .o. .0, 0 8 3.8, 1.3, 0 
9 .o, .0, 0 10 10.4, 2.8, 0 11 .o. .o, 0 12 .o, .0, 0 

13 .0, .0, 0 14 6.1. 8.9, 0 15 6.1, 9.9, 0 16 6.1, 13.2, 0 

SOURCE ID: 2 
IFV BB BW WAIC IFV BB IW WAIC IFV BB BW WAIC IFV BB BW WAX 

1 3.5, 1.1, 0 2 .o. .0, 0 3 .o. .o, 0 4 .0, .0, 0 
5 .0, .o, 0 ' .o. .o, 0 7 .o, .0, 0 8 3.8, 1.3, 0 
9 .0, .o, 0 10 10.4, 2.8, 0 11 .o, .0, 0 12 .o, .0, 0 

13 .0, .o, 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.1, 13.2, 0 

ADii• 



Air Dispersion Modeling 

*** ISCLT2 - V!RSIOM 93109 *** *** MAXD«JM COMC!RTRATIOM AT THE WIPP SITE BOURDARY (1992 Met. Data) 
*** Coar•• Receptor Grid (400m X 400m)/1000 ,.g/m-3 Source Cone. 

*** K>D!LIRG OPTIONS U90: CORC RURAL EL!V FLGPOl. 

-• GRIDDED RECEPTOR llETWOR1C st!tfARY *** 

*** llETWOR1C ID: COARSE ; REnD1C TYPE: GIUDCART *** 

*** X-COORDIRATES OF GIUD *** 
(H!TERS) 

-3289. 5, -2889 .5, -2489 ;5, -2089. 5, -1689. 5, -1289 .5, 
710.5, 1110.5, 1510.5, 1910.5, 2310.5, 2710.5, 

-3569.8, 
430.2, 

-3169.8, 
830.2, 

-2769.8, 
1230.2, 

*** Y-COORDIRATES OF GIUD *** 
(H!TERS) 

-2369.8, 
1630.2, 

-1969.8, 
2030.2, 

-1569.8, 
2430.2, 

-889. 5, 
3110.5, 

-1169.8, 
2830.2, 

-489.5, 
3510.5, 

-769.8, 
3230.2, 

-89.5, 

-369.8, 

*** 
*** 

310.5, 

30.2, 

04/11/9!1 
11:49:!19 
PAGE 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** - ~ COltCEMrRATIOR AT THE WIPP SITE BOTJMDARY Cl992 Met.. Det.a) *** 04/11/95 
*** Coarae Receptor Grid (400. X 400.)/1000 ,.g/m·3 Source Cone. *** 11:49:59 

PAGE 6 
* K>DELING OPTIORS USED: CXlllC RURAL ELEV FLGPOL 

-~m: COARSE ; ltE'IWCllUC TYPE: GIUDCART *** 

* ELE'IATIOR BEIGBTS Ill METERS * 

Y-COORD x-cocam <METERS> 
<METERS> -3289.53 -2889.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 -489.53 -89.53 

------- - - - - - - - - - - - - - - - - ------ - - - - - ------- -------
3230.19 1018.03 1021.08 1024.13 1027.18 1030.22 1033.27 1033.27 1036.32 1039.37 
2830.19 1018.03 1021.08 1024.13 1027 .18 1030.22 1033.27 1036.32 1039.37 1045.46 
2430.19 1021.08 1021.08 1027.18 1030.22 1033.27 1033.27 1036.32 1045.46 1048.51 
2030.19 1024.13 1027.18 1027 .18 1030.22 1033.27 1036.32 1039.37 1045.46 1051.56 
1630.19 1027.18 1030.22 1033.27 1033.27 1036.32 1039.37 1042.42 1048.51 1054.61 
1230.19 1030.22 1030.22 1036.32 1036.32 1036.32 1042.42 1042.42 1045.46 1054.61 

830.19 1033.27 1036.32 1039.37 1039.37 1039.37 1039.37 1042.42 1045.46 1048.51 
430.19 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1042.42 1042.42 
30.19 1036.32 1036.32 1036.32 1033.27 1033.27 1033.27 1033.27 1036.32 1039.37 

-369.81 1030.22 1027.18 1027.18 1027.18 1030.22 1030.22 1030.22 1033.27 1036.32 
-769.81 1024.13 1021.08 1024.13 1024.13 1024.13 1024.13 1030.22 1033.27 1036.32 

-1169.81 1021.08 1018.03 1018.03 1021.08 1021.08 1024.13 1027.18 1030.22 1033.27 
-1569.81 1018.03 1014.98 1018.03 1018.03 1021.08 1021.08 1024.13 1027.18 1030.22 
-1969. 81 1011.94 1011.94 1018.03 1018.03 1018.03 1021.08 1021.08 1024.13 1027.18 
-2369.81 1011.94 1011.94 1014.98 1014.98 1018.03 1018.03 1021.08 1024.13 1027.18 
-2769.81 1008.89 1011.94 1014.99 1014.98 1014.98 1018.03 1021.08 1021.08 1027.18 
-3169.81 1008.89 1008.89 1011.94 1014.98 1014.98 1018.03 1018.03 1018.03 1018.03 
-3569.81 1005.84 1008.89 1011.94 1011.94 1014.98 1014.98 1014. 98 1014. 98 1014.98 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** HAXIHUH COtlCDl'RATIOR AT TB!: Wil'P SITE IOUIDAJlY (1992 Met.. Data> *** 04/ll/95 
••• Coarse Receptor Grid (400m X 400m)/1000 11&/m•3 Source Cone. *** 11:49:59 

PAGE ~· 
••• MJDELIRG OPTIONS USED: COtlC RURAL ELEV FLGPOL 

,,,,,.;ff,_. 

*** llEn«lllX ID: COARSE ; REnaJC TYPE: GRIDCART *** 

• ELEVATION BEIGBTS Ill METERS * 

Y-COORD X-CCCllD <METERS> 
(METERS) 310.47 710.47 1110.47 1.510.47 1910.47 2310.47 2710.47 3110.47 3.510.47 ------- - - - - - ------ ------ ------ - - - - -
3230.19 1042.42 104.5.46 1048 • .51 10.51 • .56 10.54.61 1060.70 1063.75 1066.80 1069.8.5 
2830.19 104.5.46 104.5.46 1048 • .51 10.51 • .56 10.54.61 10.57.66 1063.75 1069.85 1072.90 
2430.19 10.54.61 10.51.56 10.51 . .56 10.51 • .56 10.54.61 10.57.66 1063.75 1066.80 1069.85 
2030.19 10.54.61 10.54.61 10.54.61 10.57.66 10.57.66 10.57.66 1060. 7.0 1066.80 1069.85 
1630.19 10.54 .61 10.57.66 10.57.66 1060.70 1060.70 1060.70 1063.75 1063.75 1066.80 
1230.19 10.54.61 10.54.61 10.57.66 1063.7.5 1066.80 1063.7.5 1066.80 1066.80 1069.e5 
830.19 1048 • .51 1048 • .51 10.54.61 1060.70 1066.80 1066.80 1069.85 1072.90 1075.94 
430.19 1042.42 1048 • .51 10.54.61 1060.70 1069.8.5 1069.8.5 107.5.94 1078.99 1078.99 
30.19 1042.42 104.5.46 10.51 . .56 10.57 .66 1066.80 1069.8.5 107.5.94 1078.99 1082.C4 

-369.81 1039.37 104.5.46 10.51 • .56 10.57.66 1066.80 1069.85 1072.90 1075.94 1082.C4 
-769.81 1039.37 1042.42 1048 • .51 10.57.66 1060.70 1063.7.5 1066.80 1069.8.5 1072.90 

-1169.81 1036.32 1039.37 1048 . .51 10.57.66 10.57.66 10.57.66 1060.70 1063.7.5 1066.eO 
-1.569.81 1036.32 1039.37 1048 . .51 10.54.61 10.54.61 10.54.61 10.54.61 10.54.61 10.57.U 
-1969.81 1036.32 1039.37 1042.42 10.54.61 10.54.61 10.51..56 1048 . .51 1051 • .56 10.54.tl 
-2369.81 1030.22 1036.32 1039.37 104.5.46 10.51 . .56 1048 • .51 10.51 • .56 1045.46 1048. ~il 
-2769.81 1027.18 1033.27 1036.32 1039.37 104.5.47 10.51 • .56 1048 . .51 104.5.46 1045.•6 
-3169.81 1024.13 1027.18 1030.22 1036.32 1042.42 10.54.61 1048 . .51 104.5.46 1048.52 
-3.569.81 1018.03 1024.13 1027.18 1033.27 1039.37 104.5.46 1045.46 1042.42 1042.'42 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 ... *** MAXDllH CORClllTRATIOll AT TBE WIPP SITE IOURDARY (1992 Met. Data) 
... Coarae Receptor Grid (400m X 400.)/1000 ,.g/m·3 Source Cone. 

• K:>DELIRG OPTIONS USED: CCBC IW1W. ELEV FLGPOL 

*** RE?WCRI: ID: COARSE ; RE'IWCJR1C TYPE: GRIDCART *** 

* RECEPTOR FLAGPOLE HEIGHTS Ill METERS * 

Y-COORD X-COORD (METERS) 
<HETERS> -3289.53 -2889.53 -2489.53 -2089.53 -1689. 53 -1289.53 -889.53 

------- - - - - - - - - - - - - - - ------ - - - - -
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.SO l.SO 1.SO 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
30.19 1.SO 1.50 1.50 1.50 1.50 1.50 1.50 

-369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.SO 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.SO 1.50 1.50 1.50 1.SO 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

*** 
*** 

-489.53 

1.50 
1.50 
1.50 
1. 50 
1.SO 
1.50 
l.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

04/11/95 
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-89.53 

1.50 
1.50 
1. 50 
1.50 
l.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 



Air Dispersion Modeling 

*** ISCLT;t - "·'tR.SION 93109 *** 

*** KJDELIHG OPTIONS USED: CONC 

Y-COORD I (METERS) 310.47 

*** HAXIHUH CONCERIRATIOR AT THE WIPP SIT! IOllMDARY (1992 Met. Data) 
*** Coar•• Receptor Grid (400m X 400m)/1000 ,,g/m·3 Source Cone. 

RURAL ELEV FLGPOL 

*** llEniCllX m: COARSE ; ~ TYPE: GRIDCART *** 

* REC!PTtlt FLAGPOL! B!IGBTS IN H!TDS * 

X-<XXllD (HET!RS) 
710.47 1110.47 1510.47 1910.47 2310.47 2710.47 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
30.19 1.50 1.50 1.50 1.50 1.50 1.50 l.50 

-369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.81 1.50 1.50 1.50 1.50 1.50 1.50 l.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 l.50 

ADll-74 

*** 
*** 

3110.47 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
l.50 
l.50 
l.50 
1.50 
l.50 
1.50 
1.50 
1.50 
1.50 
l.50 
1.50 
l.50 

04/11/95 
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3510.47 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 



Air Dispersion Modeling 

••• ISCLT2 - VERSION 93109 *** •- MAXIKJH COlfCER1RATIOM AT TBE WIPP SITE BOUMDARY (1992 Met. Data) 
••• Coarae Jleceptor Grid C40Dm X 400m)/1000 ,.g/mA3 Source Cone. 

• K>DELIHG OPTIONS USED: COllC llUIW. EL!V FLGPOL 

.0, 2980.2, 1042.4, 
2991.9, 2991.9, 1066.8, 
3239.8, .o. 1079.0, 
3254.3, -3254.3, 1042.4, 

.o, -3458.4, 1018.0, 
-3190.8, -3190.8, 1008.9, 
-3204.9, .0, 1018.0, 
-2968.7, 2968.7, 1021.1, 

*** DISCRETE CAKTESIAll RECEPTORS ••• 
CX-c:oaRD, Y-COCllD, ZELEV, %FLAG) 

<METERS> 

1.5); 1236.5, 2985.1, 
1.5); 3233.8, 1339.5, 
1.5); 3245.8, -1344.5, 
1.5); 1430.4, -3453.2, 
1.5); -1434.7, -3463.5, 
1.5); -3199.1, -1325.1, 
1.5); -3210.9, 1330.0, 
1.5); -1232.5, 2975.4, 

ADll-71 

1048.5, 1.S): 
1066.8, 1.5): 
1060.7, 1.5); 
1036.3, 1.5); 
1005.8, 1.5); 
1018.0, 1.S); 
1030.2, 1.5); 
1188.7, l.S); 

••• 
• •• 

04/11/95 
11:49:59 
PAGE 10 



Air ~Qlsperslon Modeling 

* .. ISCLT2 - VERSION 93109 *** ... HAXIKJH COICEBIRATION At TBE WIPP SITE BOURDARY (1992 Met.. Oat.a) 
*** Coaraa Racapt.or Grid C400m X 400m)/1000 ,.g/m-3 Source Cone. 

... KX>ELIIG OPTIONS USED: CONC lUJRAL ELEV FLG!'OL 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

1 
.70000!-0l 
.70000E-Ol 
.10000!+00 
.15000!+00 
.35000E+o0 
.55000!+00 

1 
.00000!+00 
.OOOOOE+OO 
.00000!+00 
.OOOOOE+oO 
.lOOOOE-01 
.30000!-0l 

*** AV!RAG! SP!!D Fat EACH WIRD SP!!D CATEGORY *** 
CHETERS/SEC) 

1.00, 2.25, 4.05, 6.55, 9.25, 12.50, 

*** WIRD PROFILE !XPOlilJlfS *** 

WIRD SP!!D CAT!GCllY 
2 

.70000!-0l 

.70000!-0l 

.10000!+00 

.15000E+o0 

.35000!+00 

.55000E+o0 

3 
.70000!-0l 
.70000!-0l 
.10000!+00 
.15000!+00 
.35000E+o0 
.55000!+00 

4 
.70000!-0l 
.70000E-Ol 
.lOOOOE+oO 
.15000!+00 
.35000!+00 
.55000!+00 

*** VERTICAL POTEllfIAL f!MPERATUllE GRADIENTS *** 
<DEGREES DI.VD PER HETER> 

WIRD SPEED CATEGCllY 
2 3 4 

.OOOOOE+oO .OOOOOE+OO .00000!+00 

.OOOOOE+oO .OOOOOE+OO .OOOOOE+OO 

.OOOOO!+oO .OOOOO!+oO .OOOOOE+OO 

.OOOOOE+oo .OOOOOE+OO .OOOOOE+oO 

.lOOOOE-01 .lOOOOE-01 .lOOOOE-01 

.30000!-0l .30000!-0l .30000!-0l 

*** AV!RAG! AMBIENT AIR f!Hl'EllATUllE C1CELVIR) *** 

5 
.70000E-Ol 
.70000!-0l 
.lOOOOE+OO 
.15000E+OO 
.35000!+00 
.55000!+00 

5 
.OOOOOE+OO 
.OOOOOE+OO 
.OOOOOE+OO 
.OOOOOE+OO 
.lOOOOE-01 
.30000!-0l 

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY 
CATEGORY A CAfEGCllY B CAf!GCllY C CAf!GCllY D CATEGCllY E CATEGCllY F 

288.8000 288.8000 288.8000 288.8000 288.8000 288.8000 

••• 
• •• 

6 
.70000E-Ol 
.70000!-0l 
.lOOOOE+OO 
.15000!+00 
.35000!+00 
.55000!+00 

6 
.OOOOOE+OO 
.OOOOOE+OO 
.OOOOOE+OO 
.00000!+00 
.lOOOOE-01 
.30000!-0l 

04/11/95 
11:49:59 
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Air Dispersion Modeling 

• ISCLT2 - V!RSIOR 93109 •- - MAXDUt CORCERtRATIOR AT TBE WIPP SITE BOURl>ARY (1992 Met.. Dat.a) 
•- Coarae llecept.ar Grid (400m X 400m)/1000 pg/m·3 Source Cane. 

*** KJDELIRG OPTIOllS USED: CORC RURAL !LIV FLGPOL 

- AVERAGE HIXIRG LAYEil BEIGBT CHET!RS > *** 

ARRUAL 
WI11D SPEED WI1ID SPEED WIRD SPEED WillD SPEED WIRD SPEED WIRD SPEED 
CATDDlY 1 CA'l'IGCllY 2 CATIGOllY 3 CAT!OClllY 4 CATEGOR.Y 5 CATEGORY 6 

STABILITY CATEGOllY A 1435;0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGOllY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGOllY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGOR.Y E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGCJllY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 

04/11/95 
11:49:59 
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Air Dispersion Modeling 

*** ISCLT2 - V!RSIOll 93109 *** *** HAXDOf COl'ICEHIRATICJR AT TB! WIPP SITE JIOURIWlY (1992 Het. Data) *** 04/11/95 
*** Coaraa Receptor Grid (4011m X 400m)/1000 IJ&/m·3 Source Cone. *** 11:49:"-ff'f"' \ 

PAGE 
*** KX>ELIRG OPTIOBS USED: COllC RU1W. ELEV FLGPOL 

*** FREQUERCY OF OCCIJJIRERCE OF WIID SPEED, DIRECTICJR ARD STABILm *** 

FILE: C:\KX>!LS\MET\CBD92.STR FCllHAT: (7X,6F7 .5) 
SURFACE STATICJR RO.: 11111 UPPER AIR STATIOll RO. : 11111 

RAHE: CARLSBAD RAHE: UHKROWN 
YEAR: 1992 YEAR: 1992 

AlllUAL: STABILITY CATEGCllY A 

WIID SPEED WIID SPEED WIID SPEED WI1D SPEED WI1D SPEED WIRD SPEED 
CADGORY 1 CATEGCllY 2 CATEGCllY 3 CAT!GCRY 4 CAtlGCllY 5 CATEGCllY 6 

DIRECT I OH C 1.000 HIS> < 2.250 HIS) C 4.050 HIS) ( 6.550 H/S) ( 9.250 HIS> (12.500 HIS> 
(DEGREES> ----------- ----------- ---------- ----------- ----------- -----------.000 .00025000 .00071000 .00000000 .00000000 .00000000 .00000000 

22.500 .00029000 .00095000 .00000000 .00000000 .00000000 .00000000 
45.000 .00035000 .00047000 .00000000 .00000000 .00000000 .00000000 
67.500 .00037000 .00059000 .00000000 .00000000 .00000000 .00000000 
90.000 .00042000 .00178000 .00000000 .00000000 .00000000 .00000000 

112.500 .00034000 .00130000 .00000000 .00000000 .00000000 .00000000 
135.000 .00052000 .00154000 .00000000 .00000000 .00000000 .00000000 
157.500 .00032000 .00118000 .00000000 .00000000 .00000000 .00000000 
180.000 .00039000 .00071000 .00000000 .00000000 .00000000 .00000000 
202.500 .00006000 .00036000 .00000000 .00000000 .00000000 .00000000 
225.000 .00019000 .00036000 .00000000 .00000000 .00000000 .00000000 
247.500 .00006000 .00036000 .00000000 .00000000 .00000000 .00000000 
270.000 .00006000 .00036000 .00000000 .00000000 .00000000 .00000000 
292.500 .00007000 .00047000 .00000000 .00000000 .00000000 .00000000 
315.000 .00004000 .00024000 .00000000 .00000000 .00000000 .00000000 
337.500 .00031000 .00024000 .00000000 .00000000 .00000000 .00000000 

AlllUAL: STABILITY CAT!GCllY B 

WIRD SPEED WIRD SPEED WIRD SPEED WIRD SPEED WIRD SPEED WIRD SPEED 
CATEGORY 1 CA'l'EGCJR.Y 2 CATEGCRY 3 CATEGCRY 4 CATEGORY 5 CATEGORY 6 

DillECTIOH C 1.000 HIS) C 2.250 H/S) ( 4.050 HIS) C 6.550 HIS) C 9.250 HIS> (12.500 H/S) 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------.ooo .00124000 .00261000 .00201000 .00000000 .00000000 .00000000 

22.500 .00093000 .00201000 .00107000 .00000000 .00000000 .00000000 
45.000 .00073000 .00273000 .00059000 .00000000 .00000000 .00000000 
67.500 .00114000 .00296000 .00095000 .00000000 .00000000 .00000000 
90.000 .00204000 .00616000 .00273000 .00000000 .00000000 .00000000 

112.500 .00115000 .00308000 .00284000 .00000000 .00000000 .00000000 
135.000 .00123000 .00403000 .00355000 .00000000 .00000000 .00000000 
157.500 .00156000 .00344000 .00201000 .00000000 .00000000 .00000000 
180.000 .00091000 .00332000 .00190000 .00000000 .00000000 .00000000 
202.500 .00065000 .00012000 .00047000 .00000000 .00000000 .00000000 
225.000 .00020000 .00083000 .00024000 .00000000 .00000000 .00000000 
247 .500 .00019000 .00071000 .00036000 .00000000 .00000000 .00000000 
270.000 .00044000 .00071000 .00059000 .00000000 .00000000 .00000000 
292.500 .00042000 .00047000 .00036000 .00000000 .00000000 .00000000 
315.000 .00049000 .00130000 .00036000 .00000000 .00000000 .00000000 
337.500 .00079000 .00178000 .00083000 .00000000 .00000000 .00000000 



Air Dispersion Modeling ____________ ...... __________________________________ _ 
*** ISCLT2 - VERSIOlf 93109 •** ••• HAXDU4 CO!fCENTRATION AT THE WIPF SITE llOUHDAltY (1992 Met. Deta) *** 04/11/95 

•** Coarae Receptor Grid (400m X 400m)/1000 ~/m•3 Source Cone. *** 11:49:59 
PAGE 14 

" H::>DELIRG OPTIOlfS USED: CCllC JWllAL ELEV FLGPOL 

*** FREQUDCY OF OCCURRDCE OF WIBD SPEED, DIRECTIOlf AID STABILITY *** 

FILE: C:\H::>D!LS\HET\CBD92.STR FORMAT: C7X,6F7.5) 
SURFACE STATION NO.: 11111 UPPER AIR STATION NO. : 11111 

RAHE: CARLSBAD RAHE: UllJCNOWM 
YEAR: 1992 YEAR: 1992 

AIOftJAL: STABILITY CATEGORY c 

WIBD SPEED WIBD SPEED WIBD SPEED WIBD SPEED WIBD SP!!D WIBD SPEED 
CATEGORY l CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

DIRECTION C 1.000 HIS> C 2.250 HIS> C 4.050 HIS> C 6.550 HIS> ( 9.250 HIS> (12.500 HIS> 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------.000 .00067000 .00273000 .00699000 .00095000 .00024000 .00000000 

22.500 .00047000 .00367000 .00391000 .00024000 .00000000 .00000000 
45.000 .00050000 .00201000 .00213000 .00036000 .00000000 .00000000 
67.500 .00027000 .00237000 .00237000 .00036000 .00000000 .00000000 
90.000 .00035000 .00367000 .00450000 .00083000 .00000000 .00000000 

112.500 .00046000 .00355000 .00533000 .00190000 .00000000 .00000000 
135.000 .00045000 .00545000 .01102000 .00308000 .00024000 .00000000 
157.500 .00081000 .00308000 .00984000 .00237000 .00000000 .00000000 
180.000 .00047000 .00367000 .00711000 .00166000 .00000000 .00000000 
202.500 .00016000 .00059000 .00142000 .00024000 .00000000 .00000000 
225.000 .00029000 .00071000 .00130000 .00024000 .00000000 .00000000 
247 .500 .00004000 .00071000 .00118000 .00059000 .00012000 .00000000 
270.000 .00050000 .00213000 .00142000 .00130000 .00083000 .00024000 
292.500 .00058000 .00130000 .00154000 .00047000 .00000000 .00000000 
315.000 .00046000 .00142000 .00344000 .00130000 .00000000 .00000000 
337.500 .00027000 .00237000 .00438000 .00130000 .00036000 .00000000 

ANIUAL: STABILITY CATEGORY D 

WIRD SPEED WIRD SPEED WIRD SP!!D WIRD SP!!D WIRD SPEED WIRD SPEED 
CATEGORY l CATEGORY 2 CAT!GCllY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

DIRECTION C 1.000 H/S) ( 2.2.50 HIS) C 4.050 HIS) ( 6 . .5.50 HIS> ( 9.2.50 HIS) (12 • .500 HIS) 
!DEGREES) ----------- ----------- ----------- ----------- ----------- -----------.000 .00040000 .006.52000 .01244000 .01232000 .00308000 .000.59000 

22.500 .00046000 .00344000 .00403000 .00320000 .00024000 .00000000 
4.5.000 .000.57000 .00320000 .00296000 .00201000 .00012000 .00000000 
67.500 .000.54000 .00261000 .00296000 .00261000 .00012000 .00000000 
90.000 .00061000 .00.581000 .00462000 .00628000 .00012000 .00000000 

112 . .500 .00063000 .0041.5000 .00841000 .00806000 .0009.5000 .00012000 
13.5.000 .00083000 .00.54.5000 .01600000 .01766000 .00130000 .00000000 
1.57 . .500 .00103000 .004.50000 .O:U17000 .01090000 .00012000 .00000000 
180.000 .00027000 .00438000 .01161000 .01007000 .00083000 .00012000 
202 . .500 .00009000 .00142000 .003.5.5000 .00379000 .000.59000 .00000000 
22.5.000 .00029000 .000.59000 .00379000 .00415000 .00036000 .00000000 
247.500 .00010000 .00166000 .00510000 .00841000 .00462000 .00083000 
270.000 .00014000 .0022.5000 .00652000 .02003000 .01149000 .00474000 
292 . .500 .00022000 .00367000 .00557000 .01090000 .00379000 .00130000 
31.5.000 .00044000 .00308000 .00640000 .01019000 .00296000 .00059000 
337 . .500 .00039000 .00427000 .00723000 .01232000 .00510000 .00059000 



Air Dispersion Modelt:i~ 

*** ISCLT2 - VERSION 93109 *** •- HAXIHUH COllCDT.RATIOR AT TB! WIPP SITE BOUllDARY (1992 Met. Data) 
•- CoarH Jlecept.'lr Grid (4011m X 400m)/1000 '4/m·3 Sow:ce Cone. 

*** K>DELIRG OPTIORS USED: CCJRC lWJlAL ELEV FLGl'OL 

DIRECTION 
<DEGREES> 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247 .500 
270.000 
292.500 
315.000 
337.500 

DIRECTIOR 
<DEGREES> 

.ODO 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

*** FREQIJ!RCY OF OCCURll!RCE OF WIRD SPEED, DDIECTIOR .ARD STABILm *** 

FILE: C:\K>DELS\HET\CBD92.STR 
SURFACE STATION RO.: 11111 

RAHE: CARLSBAD 
YEAR: 1992 

FORMAT: (7X,6F7 .5) 
UPP!ll AIR STATIOR RO. : 11111 

RAHE: IJIOOfOWN 
YEAR: 1992 

ADUAL: STABILITY CATEGORY E 

WIRD SPEED WIRD SPIED WIJID SPIED WIJID SPIED WIRD SPIED WIRD SPEED 
CATEGORY l CATEGORY 2 CATEGCllY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6 

C l.000 HIS> C 2.250 HIS) C 4.050 HIS> C 6.550 HIS) ( 9.250 HIS) C12.500 HIS) 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00450000 

.00154000 

.00237000 

.00201000 

.00284000 

.00438000 

.00747000 

.00948000 

.00865000 

.00391000 

.00284000 

.00450000 

.00865000 

.00664000 

.00687000 

.00320000 

.00415000 

.00036000 

.00059000 

.00190000 

.00284000 

.00332000 

.00806000 

.01505000 

.02145000 

.00960000 

.00521000 

.01066000 

.01967000 

.01612000 

.00640000 

.00403000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADUAL: STABILITY CATEGORY F 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIRD SPIED WIRD SP!ID WIJID SP!ID WI1'D SP!ID WIRD SP!ID WIRD SP!ID 
CATEGORY 1 CATEGORY 2 CATIGCllT 3 CATEGCllY 4 CATIGCllY 5 CATEGORY 6 

( 1.000 H/S) C 2.250 HIS) ( 4.050 H/8) ( 6.550 H/S) ( 9.250 H/S) (12.500 H/S) 

.00298000 

.00238000 

.00155000 

.00134000 

.00245000 

.00214000 

.00388000 

.00524000 

.00448000 

.00396000 

.00204000 

.00322000 

.00428000 

.00555000 

.00466000 

.00208000 

.00936000 

.00427000 

.00225000 

.00178000 

.00569000 

.00545000 

.00995000 

.01469000 

.01695000 

.00960000 

.00664000 

.00912000 

.01742000 

.01518000 

.01256000 

.00877000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

Slit OF lR!QUEICIES, norAI. • 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.99998 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADM• 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

*** 
*** 

04/11/95 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** -• MAXIHUH CONCE1'TRATION AT TB! WIPP SITE IOURDAllY (1992 Met.. Det.a) *** 04/11/95 
*** Coarae Jlecept.or Grid (400m X 400m)/1000 ,,g/m·3 Source Cone. *** 11:49:59 

PAGE 16 
·* K:>DELIIG OPTIONS USED: COICC llUML ELEV FLGPOL 

*** THE A!OOJ.AL AVERAGE COllCEHTllATIOH VALUES FOR SOURCE GllOUP: ALL *** 
INCLUDIIG SOURCECS): 1 • 2 

*** RETWCRJC ID: COARSE RETWCRJC TYPE: GRIDCAllT *** 

** COICC OF Alf'! IM HICROGRAHS/H**3 ** 

Y-COORI> I X-COORD (H!TDS) 

CHETERS> -3289.53 -2889.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 -489.53 -89.53 
- - - - - ------ - - - - - - - - ------ - - - - - - - - - - ------ - - - - -
3230.19 .024946 .029402 .034638 .040964 .048437 .056757 .059602 .065980 .071328 
2830.19 .024733 .030656 .036823 .044208 .053231 .063927 .073923 .082871 .095673 
2430.19 .025570 .030328 .041286 .051012 .062951 .072013 .086806 .114637 .122768 
2030.19 .025785 .033252 .040808 .054242 .069279 .088324 .112091 .143717 .156890 
1630.19 .025020 .032945 .044390 .057171 .080708 .109095 .146415 .198371 .210480 
1230.19 .024578 .028791 .042496 .056899 .078417 .131864 .177317 .253050 .300454 
830.19 .026893 .033446 .042632 .052289 .073754 .113308 .207160 .347872 .474472 
430.19 .028903 .034079 .043971 .054698 .070312 .094616 .150167 . 394710 .564957 
30.19 .028602 .033722 .040564 .045959 .057715 .075833 .108202 .204981 .429389 

-369.81 .021509 .022762 .025931 .029783 .037551 .043177 .047447 .071759 .206620 
-769.81 .015294 .015462 .017893 .018956 .020887 .025172 .037584 .058835 .161544 

-1169.81 .011164 .010766 .012066 .014926 .017260 .021696 .029836 .043363 .105037 
-1569.81 .008959 .009379 .011268 .012652 .015397 .018275 .024401 .040018 .073974 
-1969.81 .007504 .008249 .010449 .011548 .013282 .016998 .019944 .034464 .055220 
-2369.81 .007101 .007724 .008994 .010151 .012575 .014406 .019419 .031631 .046406 
-2769.81 .006294 .007218 .008580 .009684 .010919 .013286 .019310 .026513 .039682 
-3169.81 .005931 .006496 .007701 .009190 .010212 .012411 .017212 .022395 .027628 
-3569.81 .005384 .006282 .007375 .008104 .009546 .011612 .015238 .019068 .022899 

ADii 11 



Air Dispersion Modeling 

••• !SCl.:2 - VEP.SION 93109 *** *** HAXIHUH COllCERTllATION AT THE WIPP SITE BOIJMDARY (1992 Het. Data) ... 04/11/95 
*** CoUH Receptor Grid (400m X 400m)/1000 ,.g/m·3 Source Cone. • •• 11:49:59 

PAGE 17 
••• K:>DELING OPTIONS USED: COllC RURAL ELEV FLGPOL 

••• THE AMKUAL AVERAGE CUfiCEhtRATION VALUES FOR SOURCE GROUP: ALL ••• 
IRCLUDIIG SCllJllCE(S): 1 • 2 

*** IEnGJ: ID: COARSE : RETWCIU' TYPE: GR.IDCAR.T ••• 

•• COllC OF #tJf'l IR HICROGRAHS/H**3 •• 
Y-COORD X-c:ocam (METERS) 
(METERS) 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 

------- ------- - - - - - - - - - ------- ------ - - - - - - - - - - - - -
3230.19 .066767 .0'7874 .046945 .037378 .0318'8 .026913 .022615 .018950 .018044 
2830.19 .082769 .065264 .050218 .041084 .034056 .027990 .02289' .021650 .021318 
2430.19 .103338 .077081 .OSSSSl .OU969 .03'893 .028486 .026690 .026117 .025104 
2030.19 .126574 .086381 .062969 .048508 .036883 .034079 .033070 .031377 .029414 
1630.19 .158614 .095642 .070300 .050475 .045844 .043798 .040697 .037411 .034215 
1230.19 .199491 .113569 .074949 .066221 .061780 .055654 .049511 .044993 .041911 
830.19 .232012 .125968 .107294 .095703 .081570 .073243 .065465 .058230 .051956 
430.19 .165896 .215190 .176913 .149112 .121953 .100623 .014290 .071705 .061994 
30.19 .679082 .462215 .322041 .222112 .163721 .126945 .102062 .084351 .071374 

-369.81 .252459 .334004 .276495 .203112 .154451 .121157 .099021 .082405 .070071 
-769.81 .167978 .182126 .203469 .165956 .134562 .110208 .091690 .077579 .066719 

-1169.81 .110994 .110702 .144766 .128779 .111284 .095586 .082321 .071362 .062322 
-1569.81 .087346 .010501 .104417 .098776 .090241 .080780 .071803 .063941 .057096 
-1969.81 .070449 .064617 .068360 .076541 .072749 .067572 .061971 .056466 .051344 
-2369.81 .049191 .050589 .049475 .057781 .058999 .056483 .053188 .047970 .045857 
-2769.81 .038854 .040518 .037920 .041317 .046762 .047398 .045580 .042014 .039633 
-3169.81 .031448 .030849 .029610 .032241 .037013 .040012 .039166 .036710 .036177 
-3569.81 .024175 .025682 .025001 .025705 .029738 .033109 .032903 .030896 .030007 

ADii 12 



Air Dispersion Modeling 

••• ISCLT2 - VERSIOll 93109 *** •- MAXIHUH COMC!IU'RATIOM AT TBE WIPP SITE llOURDARY (1992 Met. Data) 
*** Coarae Receptor Grid (400m X 400..)/1000 ,,g/m·3 Source Cone. 

'* ta>!LIRG OPTIOHS USED: COBC RURAL !LEV FLGPOL 

VALUES FOR SOURCE GROUP: ALL *** 
• 2 

*** DISCRETE CAllTESIAK RECEPTal POilfTS *** 

** COlfC OF AlfY IR HICROGRAHS/H**3 ** 

X-COORD CH) Y-COORI> (H) COlfC X-coaRD CH> Y-COORD (H) CONC - - - - - - - - - - - - - - -
.00 2980.24 .084148 1236.45 2985.05 . 044367 

2991.88 2991.88 .020004 3233.75 1339.46 .040887 
3239.75 .oo .080446 3245.78 -1344.45 .065431 
3254.34 -3254.34 .033758 1430.39 -3453.24 .028305 

.00 -3458.37 .026302 -1434.65 -3463.51 .008269 
-3190.77 -3190.77 .006009 -3199.06 -1325.09 .009456 
-3204.94 .00 .019500 -3210.85 1329.98 .024996 
-2968.68 2968.68 .029725 -1232.47 2975.44 .081862 

ADll13 
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Alr"'Dlaperslon Modeling 

*** ISCLT2 - VERSION 93109 *** *** HAX:nut CXJllCDTRATION AT THE WIPP SITE !!OUNDA..1lY (1992 Het.. Oat.al 
***Coar•• Receptor Grid (400m X 400m)/1000 "6/mA3 Sourc• Cone. 

*** tl>DELI1'G OPTIONS USED: CCllC RURAL ELEV FLGPOL 

*** THE HAXDllH 10 ADUAL AVERAGE CONCER?RATION VALUES FOR GROUP: ALL *** 
IKCLUDIJIG SOURC!CSl: 1 , 2 

** CCllC OF ltlf'I Ill HICROGIWtS/H**3 ** 

*** 
*** 

RAllK COHC AT lllCEPTCll (XR, YRl OF TYPE RAH COllC AT RECEPTOR CXR,YRl OF TYPE -------
1. .679082 AT 310.47, 
2. .564957 AT -89.53, 
3. .474472 AT -89.53, 
4. .462285 AT 710.47, 
5. .429389 AT -89.53, 

*** RECEPTOR TYPES: GC • GllIDCAllT 
GP • GRIDPOLR 
DC • DISCCAllT 
DP • DISCPOIJl 
BD • JIOUllDAllY 

- - - -- - - - -
30.19) GC 

430.19) GC 
130.19) GC 

30.19) GC 
30.19) GC 

- - - - - ------ - - - - - - - -
6. .394710 AT -489.53, 430.19) GC 
7. .347872 AT -489.53, 830.19) GC 
8. .334004 AT 710.47, -369.81) GC 
9. .322041 AT 1110.47, 30.19) GC 

10. .300454 AT -89.53, 1230·.19) GC 

ADii 14 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 ••• ... MAXIHUH COhCEluRATION AT TBE NIPP SIT! BOUMDARY (1992 Met. Data) 
•••Coar•• Receptor Grid (400m X 400m)/1000 ,.gtm•3 Source Cone. 

'* tl>DELIRG OPTIONS USED: COhC RURAL ELEV FLGPOL 

*** Heaaage S-ry For ISC2 Hodel Execution *** 

A Tot.al of 
A Total of 
A Total of 

Smamary of Total Heaaag•• --------

O Fatal Error H•••aa•<•> 
0 Warning Heaaage(a) 
O Informational He••aa•<•> 

******** FATAL ERROR H!SSAGES ******** 
*** ROHE *** 

******** WARXIRG H!SSAG!S ******** 
*** RORE *** 

************************************ 
*** ISCLT2 Finiabea Succeaafully *** 
************************************ 

ADii• 
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Air Dispersion ModeH_'!g·-·~----------------------

ISCLT2 - <DATED 93109) 

IBH·PC VERSIOH 2.13 ISCLT2 
CC) COPDIGBT 1992, TRillITY COHSULTAllTS, IllC. 
SERIAL lllltBER 9718 SOLD TO WESTillGBOUSE ELECTRIC CORP 

Run Begmn on 4/11/1995 at 12:36:02 

CO STARTING 
CO TITLEOllE lllAZDlll a:mcar.Dlilim &T '!Bl WI!'P SID W'111N11'! (1993 119t.. Oat.a) 
CO TITLEn«l Co.rae 11.ec..,t.or Grid (400. Z 400.)/1000 11&1••3 Saarce Ccmc:. 
CO tt:>DELOPT COlfC 1WlW. 
CO AVERTIHE AlfHUAL 
CO POLLUTID.AIY 
CO TERRBGTS ELEV 
CO ELEVUllIT FEET 
CO FLAGPOLE 1.500000 
CO RURORNOT llUlf 
CO FillISB!D 
SO STARTillG 
SO LOCATIOH 1 POillT 0.00 0.00 1039.37 
SO SRCPARAH 1 0.100000 8.20 288.80 4.6598 4.400 
SO LOCATION 2 POillT 0.00 7.20 1039.37 
SO SRCPARAH 2 0.100000 8.20 288.80 4.6598 
SO BUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO BUILDBGT 1 0.00 3.80 0.00 10.40 0.00 

4.400 
0.00 
0.00 

SO BUILDBGT 1 0.00 6.10 6.10 6.10 
SO BUILDWID 1 2.35 0.00 0.00 0.00 
SO BUILDWID 1 0.00 1.35 0.00 2.83 

o.oo 
o.oo 

0.00 
o.oo 

SO BUILDWID 1 0.00 8.88 9.85 13.20 
SO BUILDBGT 2 3.50 0.00 0.00 0.00 
SO BUILDBGT 2 0.00 3.80 0.00 10.40 

o.oo 
0.00 

0.00 
o.oo 

SO BUILDBGT 2 0.00 6.10 6.10 6.10 
SO BUILDWID 2 1.09 0.00 0.00 0.00 
SO BUILDWID 2 0.00 1.35 0.00 2.83 

0.00 
0.00 

0.00 
0.00 

SO BUILDWID 2 0.00 8.88 9.85 13.20 
SO EHISUHIT 1000000.000000 GRAMS/SEC MICRCGRAHS/M**3 
SO SRCGROUP ALL 
SO FIRISBED 
RE STARTING 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GIUDCART COAllS! 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GJUDCART COARSE 
RE GJUDCART COARSE 
RE GJUDCART COAllS! 
RE GJUDCART COAJtS! 
RE GJUDCART COAJtS! 
RE GJUDCART COARSE 
RE GJUDCART COAllS! 
RE GJUDCART COAJtS! 
RE GRIDCART COARSE 
RE GJUDCART COARSE 
RE GJUDCART COARS! 
RE GJUDCART COAllS! 
RE GJUDCART COAIS! 
RE GJUDCART COAIS! 
RE GJUDCART COAIS! 
R! G1UDCART COAIS! 
RE GJUDCART COAIS! 
RE GRIDCARl' COA1S! 
R! G1UDCART COAIS! 
R! G1UDCART COAIS! 
RE GlUDCAllT COAIS! 

STA 
XYIRC ·3289.53 18 400.00 -3569.81 18 400.00 
ELEV 1 3300.00 3310.01 3320.01 3320.01 
ELEV 1 3329.99 3329.99 3329.99 3329.99 
ELEV 1 3329.99 3339.99 3360.01 3370.01 
ELEV 1 3389.99 3410.01 3429.99 3429.99 
ELEV 1 3420.01 3420.01 
ELEV 2 3310.01 3310.01 
ELEV 2 3329.99 3339.99 
ELEV 2 3339.99 3360.01 
ELEV 2 3400.00 3420.01 
!LIV 2 3429.99 3440.03 
!LIV 3 3310.01 3320.01 
!LIV 3 3329.99 3339.99 
!LIV 3 3370.01 3370.01 
!LIV 3 3410.01 3430.02 
!LIV 3 3429.99 3429.99 
!LIV 4 3320.01 3320.01 
!LIV 4 3339.99 3339.99 
!LIV 4 3370.01 3379.99 
!LIV 4 3429.99 3450.00 
!LIV 4 3429.99 3439.99 
!LIV 5 3320.01 3320.01 
!LIV 5 3339.99 3350.00 
.!LIV 5 3370.01 3400.00 
!LIV 5 3460.01 3460.01 
ELEV 5 3450.00 3460.01 
!LIV 6 3339.99 3329.99 
ELEV 6 3350.00 3350.00 
ELEV 6 3379.99 3400.00 

3320.01 
3339.99 
3370.01 
3460.01 

3330.02 
3350.00 
3389.99 
3UO.OO 

3329.99 
3339.99 
3379.99 
3439.99 

3329.99 
3350.00 
3400.00 
3439.99 

3329.99 3329.99 
3350.00 3360.01 
3400.00 3410.01 
3439.99 3450.00 

3339.99 3339.99 
3350.00 3360.01 
3410.01 3420.01 
3450. 00 3439. 99 

3339.99 3339.99 
3360.01 3370.01 
3410.01 3439.99 
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Air Dispersion Modeling 

iRIDCA1lT COARSE ELEV 6 3460.01 3460.01 3460.01 3460.01 
. , l('.JRIDCART CCAISI ELEV 6 3460.01 3470.01 

GRIDCART CCAISI ELEV 7 3350.00 3339.99 3339.99 3350.00 
U GRIDCAlll' COARSE ELEV 7 3350.00 3360.01 3370.01 3379.99 
U GRIDCAllT COARSE ELEV 7 3389.99 3400.00 3410.01 3439.99 
U GRIDCAJll' COARSE ELEV 7 3470.01 3470.01 3470.01 3479.99 
U GRIDCAllT COAilSE ELEV 7 3489.99 3500.00 
RE GRIDCART COARSE ELEV 8 3360.01 3350.00 3360.01 3360.01 
RE GRIDCART COARSE ELEV 8 3360.01 3360.01 3379.99 3389.99 
u GRIDCAlll' COARS! ELEV 8 3400.00 3410.01 3420.01 3439.99 
U GRIDCAJlT COARS! ELEV 8 3470.01 3479.99 3489.99 3500.00 
RE GRIDCART COARSE ELEV 8 3510.01 3520.01 
RE GRIDCART COARSE ELEV 9 3379.99 3370.01 3370.01 3370.Dl 
RE GRIDCAlll' COARSE ELEV 9 3379.99 3379.99 3379.99 3389.99 
RE GRIDCART COARS! ELEV 9 3400.00 3410.01 3429.99 3450.00 
RE GRIDCAllT COARS! ELEV 9 3470.01 3500.00 3510.01 3520.01 
IE GRIDCAllT COARSE ELEV 9 3529.99 3550.00 
IE GRIDCAllT COARSE ELEV 10 3400.00 3400.00 3400.00 3389.99 
RE GRIDCAllT COARSE ELEV 10 3389.99 3389.99 3389.99 3400.00 
IE GRIDCART COARSE ELEV 10 3410.01 3420.01 3429.99 3450.00 
RE GRIDCART COARSE ELEV 10 3470.01 3500.00 3510.01 3529.99 
RE GRIDCAJlT COARSE ELEV 10 3539.99 3550.00 
RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.01 3410.Dl 
RE GRIDCART COARSE ELEV 11 3410.01 3410.01 3410.01 3420.Dl 
RE GRIDCART COARSE ELEV 11 3420.01 3420.01 3439.99 3460.01 
RE GRIDCART COARSE ELEV 11 3479.99 3510.01 3510.01 3529.99 
RE GRIDCART COARSE ELEV 11 3539.99 3539.99 
RE GRIDCART COARSE ELEV 12 3389.99 3400.00 3410.01 3410.01 
RE GRIDCART COARSE ELEV 12 3410.01 3410.01 3420.01 3429.99 
RE GRIDCART COARSE ELEV 12 3439.99 3439.99 3439.99 3460.01 
RE GRIDCART COARSE ELEV 12 3479.99 3500.00 3500.00 3510.01 
RE GRIDCART COARSE ELEV 12 3520.01 3529.99 
RE GRIDCART COARSE ELEV 13 3379.99 3379.99 3400.00 3400.00 

GRIDCART COARSE ELEV 13 3400.00 3420.01 3420.01 3429.99 
'.' JRIDCART COARSE ELEV 13 3460.01 3460.01 3460.01 3470.01 

3RIDCART COARSE ELEV 13 3489.99 3500.00 3489.99 3500.00 
'it! GRIDCART COARSE ELEV 13 3500.00 3510.01 
RE GRIDCART COARSE ELEV 14 3370.01 3379.99 3389.99 3389.99 
RE .GRIDCART COARSE ELEV 14 3400.00 3410.01 3420.01 3439.99 
RE GRIDCAllT COARSE ELEV 14 3460.01 3460.01 3470.01 3470.01 
RE GRIDCART COARSE ELEV 14 3479.99 3479.99 3479.99 3489.99 
RE GRIDCART COARSE ELEV 14 3489.99 3500.00 
RE GRIDCART COARSE ELEV 15 3360.01 3370.01 3370.01 3379.99 
RE GRIDCART COARSE ELEV 15 3389.99 3400.00 3410.01 3429.99 
RE GRIDCART COARSE ELEV 15 3450.00 3460.01 3460.01 3460.01 
RE GRIDCART COARSE ELEV 15 3470.01 3470.01 3470.01 3479.99 
RE GRIDCART COARSE ELEV 15 3500.00 3510.01 
RE GRIDCART COARSE ELEV 16 3350.00 3350.00 3370.01 3379.99 
RE GRIDCART COARSE ELEV 16 3389.99 3389.99 3400.00 3429.99 
RE GRIDCART COARSE ELEV 16 3439.99 3460.01 3450.00 3450.00 
RE GRIDCART COARSE ELEV 16 3450.00 3460.01 3470.01 3489.99 
RE GRIDCART COARSE ELEV 16 3500.00 3510.01 
RE GRIDCART COARSE ELEV 17 3339.99 3350.00 3360.01 3370.01 
RE GRIDCART COARSE ELEV 17 3379.99 3389.99 3400.00 3410.01 
RE GRIDCART COARSE ELEV 17 3429.99 3429.99 3429.99 3439.99 
RE GRIDCART COARSE ELEV 17 3450.00 3460.01 3470.01 3489.99 
RE GRIDCART COARSE ELEV 17 3510.01 3520.01 
RE GRIDCART COARSE ELEV 18 3339.99 3350.00 3360.01 3370.01 
RE GRIDCART COARSE ELEV 18 3379.99 3389.99 3389.99 3400.00 
RE GRIDCART COARSE ELEV 18 3410.01 3420.01 3429.99 3439.99 
RE GRIDCART COARSE . ELEV 18 3450.00 3460.01 3479.99 3489.99 
RE GRIDCART COARSE ELEV 18 3500.00 3510.01 
RE GRIDCAllT COARSE FLAG 1 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50 
RE GRIDCART COARSE FLAG 1 1.50 1.50 

GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 
GRIDCAllT COARSE FLAG 2 1.50 1.50 1.50 1.50 
GIUDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 

. ''.id GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50 



Air Dispersion Modeling 

R! GRIIICART COARSE FLAG 2 1.50 1.50 
R! GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50 "' 
J1E GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50 
R! GRIIICART COARSE FLAG 3 1.50 1.50 1.50 1.50 ........ 
J1E GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 3 1.50 1.50 
J1E GRIIICART COARSE FLAG 4 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
JIE GRlDCART COARSE FLAG 4 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 4 1.50 1.50 
R! GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 5 1.50 1.50 
R! GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50 
J1E GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50 
R! GRIIICART COARSE FLAG 6 1.50 1.50 1.50 1.50 
R! GRIIICART COARSE FLAG 6 1.50 1.50 
JIE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 7 1.50 1.50 
R! GRIDCAllT COARSE FLAG 8 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 8 1.50 1.50 
JIE GRIDCAllT COARSE FLAG 9 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 9 1.50 1.50 
R! GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 """' R! GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 10 1.50 1.50 
R! GRIDCAllT COARSE FLAG 11 1.50 1.50 1.50 1.50 
J1E GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 11 1.50 1.50 
R! GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50 
R! GRIDCAllT COARSE FLAG 12 1.50 1.50 
R! GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 13 1.50 1.50 
R! GRIDCART COARSE FLAG 14 1.-50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50 
R! GRIDCART COARSE FLAG 14 1.50 1.50 
R! GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 15 1.50 1.50 
R! GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50 
JIE GRIDCAB.T COARSE FLAG 16 1.50 1.50 1.50 1.50 
JIE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50 
JIE GRIDCAB.T COARSE FLAG 16 1.50 1.50 

"''*'"' 
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Air Dispersion Modeling 

RE GRIDCAllT COARSE FLAG 17 
.,'1llllCAllT COARSE FLAG 17 

UDCAllT COARSE FLAG 17 
' , " ,,, .. AIDCART COARSE FLAG 17 
RE GRIDCAllT COARSE FLAG 17 
RE GRIDCAllT COARSE FLAG 18 
RE GRIDCAllT COARSE FLAG 18 
RE GRIDCAllT COARSE FLAG 18 
RE GRIDCAllT COARSE FLAG 18 
RE GRIDCAllT COARSE FLAG 18 
RE GlUDCAKT COARSE !MD 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

RE DISCCAJl.T 0.00 2980.24 3420.01 1.50 
RE DISCCAJl.T 1236.45 2985.05 3439.99 1.50 
RE DISCCAJl.T 2991.88 2991.118 3500.00 1.50 
RE DISCCAJl.T 3233.75 1339.46 3500.00 1.50 
RE DISCCAJl.T 3239.75 0.00 3539.99 1.50 
RE DISCCAJl.T 3245.78 -1344.45 3479.99 1.50 
RE DISCCART 3254.34 -3254.34 3420.01 1.50 
RE DISCCART 1430.39 -3453.24 3400.00 1.50 
RE DISCCART 0.00 -3458.37 3339.99 1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

RE DISCCAllT -1434.65 -3463.51 3300.00 1.50 
RE DISCCAJl.T -3190.77 -3190.77 3310.01 1.50 
RE DISCCART -3199.06 -1325.09 3339.99 1.50 
RE DISCCART -3204.94 0.00 3339.99 1.50 
RE DISCCART -3210.85 1329.98 3379.99 1.50 
RE DISCCAJl.T -2968.68 2968.68 3350.00 1.50 
RE DISCCART -1232.47 2975.44 3900.00 1.50 
RE FIRISBED 
HE STARTING 
HE IRPUTFIL C:\ta)!LS\HET\CBD93.STI C7X,6F7.5) 
HE A1mllGBT 10.000 METERS 
HE SURFDATA 11111 1993 CARLSBAD 
HE IJAIRDATA 11111 1993 
HE STARDATA ARRUAL 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

HE AVESPIED 1.00 2.25 4.05 6.55 9.25 12.50 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

\V!TEHPS ARllUAL 288.80 288.80 288.80 288.80 288.80 288.80 
'VEHIXBT ARllUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
,IEHIXBT ARRUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 

ftt"AVEHIXBT AR11UAL c 1435.oo 1435.oo 1435.oo 1435.00 1435.00 1435.00 
HE AVEHIXBT ARRUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARJIUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARHUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE DTBETADZ A 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ B 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ E 0.01 0.01 0.01 0.01 0.01 0.01 
HE DTBETADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
HE FillISBED 
OU STAR.TING 
OU RECTABLE SRCGRP 
OU MAXTABLE 10 SRCGRP 
OU PLOTFILE ARllUAL ALL C:\KlDELS\19tVPA093.GPB 70 
OU FIRISBED 

************************•••••••• ... 
*** SETUP Finiabea Succeaafull.7 '"** ................................... 
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Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** MAXIMUH COICERTRATION AT THE WIPP SM llOURDARY (1993 Met.. Oat.a) 
*** Coar•• Receptor Grid (400m X 400.)/1000 '4/m·3 Source Cone. 

*** tl>DELIRG OPTIORS USED: COIC lWJIAL ELEV FLGPOL 

*** ta>EL SETUP OPTIOllS StMWtY *** 

**Hodel Ia Set.up For Calculation of Average CORC.nt.rat.ion Valuea. 

*~del Uaea lWJIAL Diaperaion. 

~•l U••• Uaer-Specified Opt.iona: 
1. Final Plume Jli••· 
2. St.ack·t.ip 0-aab. 
3. Buoy-cy•induced Diaperaion. 
4. Default. Wind Profile !zpon.nt.a. 
S. Uaer·Specified Vertical Pot.ent.ial T91Dperat.ur• Gradi.nt.a. 

*~d•l Accept.a Recept.ora on EI.IV Terrain. 

**Hodel Accept.a FLAGPOLE llecapt.or Haight.a. 

**Hodel Calculat.aa 1 STAR Average(•) for t.he Foll-in& Hant.ha: 
Saaaona/Quart.ara: 

and Annual: 

**Oat.a File Includaa 1 STAR Suamari•• for t.ha Fol1-ina Hant.ha: 

**Thi• Jlun Includaa: 2 Sourca(a); 

Saaaona/Quart.era: 
md Annual: 

1 Source Group<•>: md 

*'*Tb• Hodel Aaaumea A Pollutant. Type of: ltlf't 

.•*Hodel Sat. To Continua llURllina Aft.er t.ha Sat.up Teat.in&. 

**Out.put. Opt.ion• Salact.ed: 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

340 llecapt.or(a) 

Hodel Out.put.a Tabla• of LODg Term Valuaa by R.acapt.or (Jl!CTABL! Ea,word) 
Modal Out.put.a Tablaa of Hax1- Long Tani Valuaa <MAXTABLI Xa7word) 
Modal Out.put.a !xt.arnal Fil•<•> of Lona Term Values for Plot.tin& <PLOTFIL! Xa7word) 

**Hiac. Input.a: Anam. Bat.. <•> • 10.00 : Decay Coaf. • .0000 Rot. • .Allal• - • 0 
lmiHiOD Unit.a • mtMIS/SIC lmiaaion 11.at.e Unit. Fact.or • 
Out.put. Unit.a • HICllQGIWoB/H**3 

*** 
*** 

.10000!+07 

**Input. RUDat.raam Pila: C:\tllD!LS\llt91AD93.DAT **Out.put. Print. Fila: C:\tllD!LS\llt91AD93.LST 

ADlllO 

04/11/95 
12:36:05 ...,i111 
PAGE 1 ~ I , .. ' 



Air Dispersion Modeling 

... ISCLT2 - V!llSIClf 93109 ... ... ttAXDIM CXICEIUllATICI AT TB! WIPP SITE llOUIDAJlY (1993 Het. Data) 
... Coarse .. cept.or Grid (400. X 400.)/1000 1o111m·3 Source Cone. 

' tam.IJIG OPTIClfS USED: CCII: IUllW. ELEV FLGl'OL 

... fOUT SOUllC! DATA ... 

••• 
••• 

04/11/9!5 
12:36:0!5 
PAGE 2 

llHIEll !HISSIOK BAT! 
1'AllT • ( USEll UR ITS ) 
CATS. 

BASE STACI: STACI: STACK STACK BUILDING EHISSIOK RATE 
SOUHC! X Y ELEV. B!IGBT T!MP. EXIT VEL. DIAMETER EXISTS SCALAR VARY 

ID (HET!llS) (HET!llS) (HET!llS) (HET!llS) (D!G.E) (H/SEC) (HETERS) BY 
- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 
2 

0 
0 

.lOOOOE+OO 

.10000!+00 
.0 
.0 

.0 1039.4 
7.2 1039.4 

8.20 288.80 
8.20 288.80 

4.66 
4.66 

4.40 
4.40 

YES 
YES 



Air Dispersion Modeling 

*** ISCLT2 - VERSIOll 93109 *** *** MAXDll4 CCllCUtkATIOI AT Tl! NIPP Sn'I llCXllDAIY <1993 Met.. Dat.a) 
*** Coan• Jlac:apt.or Grid (401111 X 401111)/1000 ,..1.·3 8-rc:a Cone:. 

••• ta>ELillG OPTIOBS USED: CXS: RURAL !LEV FLGPOL 

*** SOURCE IDs D!FIIIllG SOUICI GIOU1S *** 

GROUP ID SOURCE IDs 

ALL 1 • 2 

ADii• 

*** ••• 
04/11/95 
12:36:05 
PAGE 3 d" 



Air Dispersion Modeling 

**• ISCLT2 - VERSION 93109 *** - HAXDllt CXliCUlliATIOI AT TB! Wl1'P SITE IOURDARY (1993 Het. Dat.a) ... 04/11/95 
*** CoarH Jlec:eptor Grid (400m X 400m)/1000 .,g/11•3 Sourc:e Cone. ••• 12:36:05 

PAGE 4 

* ta>ELIRG OPTIORS USED: CCII: IWIW. El.IV FLG!OL 

*** Dll!CTIOI SPECIFIC IUILDIIG DIHEKSIORS *** 

SOURCE ID: 1 
IFV IB IW WA1C In IB IW WA1C IFV IB IW WA1C IFV BB IW WA1C 

1 10.4, 2.3, 0 2 .o. .o, 0 3 .o. .o, 0 4 .0, .o, 0 
.5 .0, .0, 0 6 .o, .0, 0 7 .o, .0, 0 8 3.8, 1.3, 0 
9 .o. .0, 0 10 10.4, 2.8, 0 11 .0, .o. 0 12 .0, .o, 0 

13 .0, .0, 0 14 6.1, 8.9, 0 1.5 6.1, 9.9, 0 16 6.1, 13.2, 0 

SOURCE m: 2 
IFV IB IW WA1C lFV IB IW WA1C IFV IB IW WA1C IFV IB IW WA1C 

1 3 . .5, 1.1, 0 2 .o. .0, 0 3 .o. .o, 0 4 .0, .0, 0 
.5 .0, .0, 0 6 .o. .0, 0 7 .o. .0, 0 8 3.8, 1.3, 0 
9 .o, .o, 0 10 10.4, 2.8, 0 11 .o, .0, 0 12 .0, .0, 0 

13 .0, .o. 0 14 6.1, 8.9, 0 1.5 6.1, 9.9, 0 16 6.1, 13.2, 0 

ADllD 



Air Dispersion Modeling 

*** ISCLT2 - VERSICll 93109 ••• -• MAZDUt a&EihiiATICXI AT DE WIPP SITE llOU1'DARY (1993 Met.. Dat.a) 
- Coarae Recept.or Grid (400. X 400.)/1000 11a1a•3 Source Cone. 

-• KJDELIRG OPTIORS USED: CCIC RURAL !LEV FLG!QL 

-3219.5, -2889.5, 
710.5, 1110.5, 

-3569.8, -3169.8, 
430.2, 130.2, 

-• GRIDDED l£CEPTCll ll£tWCllX stlttARY -• 

- ll!:'IWCIU'; ID: COARSE ; ~ TYPE: GRIDCART *** 

-2489:5, 
1510.5, 

-2769.I, 
1230.2, 

••• X-CCDDDIA'r!S 01 GRID -
(M!TERS) 

-2019.5, -1689.5, -1219.5, 
1910.5, 2310.5, 2710.5, 

- Y-CCDDIJIA'r!S 01 GRID -
(M!TERS) 

-2369.8, -1969.8, -1569.I, 
1630.2, 2030.2, 2430.2, 

ADllM 

-819.5, 
3110.5, 

-1169.8, 
2830.2, 

-489.5, 
3510.5, 

-769.8, 
3230.2, 

-89.5, 

-369.8, 

••• 
• •• 

310.5, 

30.2, 

04111195 
12:36:05 
PAGE 



Air Dispersion Moc:lellng 

*** ISCLT2 - VERSIOR 93109 *** - HAXDllt CUICEibtATIClf AT TllE WIPP Sn! IOUllWlY (1993 Het. Data) 
- Coaraa ••captor Grid (401111 X 401111)/1000 ,,g/m·3 Sourca Cone. 

'* K:ID!LIRG OPTIORS USED: COIC mJIAL !LEV n.G1'QL 

*** ll!naE m: CDARS! ; R!!WCIUC TYPE: GRIDCAKT *** 

* !L!VATICB B!IGBTS II METERS * 

Y-COORI> I X-amD <METERS> 
(METERS) -3289.53 -2889.53 -209.53 -2089.53 -1689.53 -1289.53 -889.53 

*** 
••• 

-489.53 

04/11/95 
12:36:05 
PAGE 6 

-89.53 
- - - - - - - - - - - - - -- - - - - - - - - -- - - - -- -- -- - - - -- - - - - - - - - - - - - - - - - ------ - - - - -

3230.19 1018.03 1021.01 1024.13 1027.11 1030.22 1033.27 1033.27 1036.32 1039.37 
2130.19 1011.03 1021.01 1024.13 1027.11 1030.22 1033.27 1036.32 1039.37 1045.46 
2430.19 1021.0I 1021.01 1027.11 1030.22 1033.27 1033.27 1036.32 1045.46 1048.51 
2030.19 1024.13 1027.11 1027.11 1030.22 1033.27 1036.32 1039.37 1045.46 1051.56 
1630.19 1027 .11 1030.22 1033.27 1033.27 1036.32 1039.37 1042.42 1048.51 1054.61 
1230.19 1030.22 1030.22 1036.32 1036.32 1036.32 1042.42 1042.42 1045.46 1054.61 
830.19 1033.27 1036.32 1039.37 1039.37 1039.37 1039.37 1042.42 1045.46 1048.51 
430.19 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1042.42 1042.42 
30.19 1036.32 1036.32 1036.32 1033.27 1033.27 1033.27 1033.27 1036.32 1039.37 

-369.81 1030.22 1027.11 1027.11 1027.11 1030.22 1030.22 1030.22 1033.27 1036.32 
-769.81 1024.13 1021.01 1024.13 1024.13 1024.13 1024.13 1030.22 1033.27 1036.32 

-1169.81 1021.01 1011.03 1011.03 1021.01 1021.0I 1024.13 1027.11 1030.22 1033.27 
-1569.81 1018.03 1014.98 1011.03 1018.03 1021.01 1021.01 1024.13 1027.11 1030.22 
-1969.81 1011.94 1011.94 1011.03 1011.03 1011.03 1021.01 1021.0I 1024.13 1027 .18 
-2369.11 1011.94 1011.94 1014.98 1014.98 1011.03 1011.03 1021.01 1024.13 1027 .18 
-2769.81 1008.89 1011.94 1014.99 1014.98 1014.98 1011.03 1021.08 1021.08 1027.18 
-3169.81 1008.19 1008.19 1011.94 1014.98 1014.98 1018.03 1018.03 1018.03 1018.03 
-3569.81 1005.84 1001.19 1011.94 1011.94 1014.98 1014.98 1014.98 1014.98 1014.98 

ADii• 



Al~. Qlsperslon Modeling 

*** lSCLT2 - VIJlSIClf 93109 *** •- MAXDUt CX*ClliiATICll AT TD WillP SIT! IOUIDA2J (1993 Met.. Dat.a> ••• 04/11/95 
*** Coaraa llacapt.or Grid (400. X 400.)/1000 14/a-3 Solarca Cone. ••• 12:36:05 

PAGE 7" .. , 
*** lllD!LillG Ol'TICRS USED: w lllJl.AL EI.IV FLGIOL 

-• 1'Z'IWORIC ID: CQARS! ; llEtwr:IUC TYPE: GIIJ>CAllT *** 

• ELIVATICll l!IGBTS Ill METllll * 

Y-coaRD 1-axllJ) CHETIRS> 
CHETIRS> 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.4'1 -- - - - - - -- - ------- ------ - - - - - - - - - - - - - - - - - - - - ------ ------ -----~ .. 

3230.19 1042.42 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1066.80 1069.85 
2830.19 1045.46 1045.46 1048.51 1051.56 1054.61 1057.66 1063.75 1069.85 1072.90 
2430.19 1054.61 1051.56 1051.56 1051.56 1054.61 1057.66 1063.75 1066.80 1069.8.S 
2030.19 1054.61 1054.61 1054.61 1057.66 1057.66 1057 .66 1060.70 1066.80 1069.85 
1630.19 1054.61 1057.66 1057 .66 1060.70 1060.70 1060.70 1063.75 1063.75 1066.811 
1230.19 1054.61 1054.61 1057 .66 1063.75 1066.80 1063.75 1066.80 1066.80 1069.8:'5 
830.19 1048.51 1048.51 1054.61 1060.70 1066.80 1066.80 1069.85 1072.90 1075.94 
430.19 1042.42 1048.51 1054.61 1060.70 1069.85 1069.85 1075.94 1078.99 1078.99 
30.19 1042.42 1045.46 1051.56 1057.66 1066.80 1069.85 1075.94 1078.99 1082.04 

-369.81 1039.37 1045.46 1051.56 1057.66 1066.80 1069.85 1072.90 1075.94 1082.04 
-769.81 1039.37 1042.42 1048.51 1057 .66 1060.70 1063.75 1066.80 1069.85 1072.911 

-1169.81 1036.32 1039.37 1048.51 1057.66 1057.66 1057.66 1060.70 1063.75 1066.8!) 
-1569.81 1036.32 1039.37 1048.51 1054.61 1054.61 1054.61 1054.61 1054.61 1057 .u 
-1969.81 1036.32 1039.37 1042.42 1054.61 1054.61 1051.56 1048.51 1051.56 1054 .6l 
-2369.81 1030.22 1036.32 1039.37 1045.46 1051.56 1048.51 1051.56 1045.46 1048.5l 
-2769.81 1027.18 1033.27 1036.32 1039.37 1045.47 1051.56 1048.51 1045.46 1045.4-i 
-3169.81 1024.13 1027.18 1030.22 1036.32 1042.42 1054.61 1048.51 1045.46 1048.5.Z 
-3569.81 1018.03 1024.13 1027.18 1033.27 1039.37 1045.46 1045.46 1042.42 1042.U 

ADii• 



Air Dispersion Modeling 

••• ISCLT2 - VERSIOI 93109 *** 

'* MJDELIBG OPTIORS USED: CXllC 

Y-COOllD 

*** MAXDllt COICUIRATIOI AT THE WIPP SITE IOUllWlY (1993 Het. Data) 
*** Co~•• Receptor Grid (400m X 400m)/1000 "''•A3 Source Cane. 

lWIAL ELEV FLG!OL 

*** ll!nlCRX m: CQARSE ; ~ TYPE: GRIDCAl.T *** 

* IECEP'?tll FLAGl'OL! BEIGBTS II METERS * 

X-COOllD CHET!IS> 
(METERS) I -3289.53 -21119.53 -2489.53 -2089.53 -16119.53 -12119. 53 -1119. 53 

- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - - -
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 l.SO 
1230.19 1.50 1.50 1.50 1.50 1.SO 1.50 1.SO 
1130.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
30.19 1.50 1.50 1.50 1.50 1.50 1.so 1.50 

-369. Ill 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 l.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169 .81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

... 
*** 

-489.53 

04/ll/95 
12:36:05 
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-89.53 
- - - - - - - - -

1.50 1.50 
l.SO l.SO 
1.50 l.50 
1.50 l.SO 
1.SO 1.50 
1.50 l.50 
1.SO l.SO 
l.50 1.50 
l.50 l.50 
1.50 1.50 
1.50 l.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 



Air Dispersion Modallnt' 

... ISCLTZ - V!RSIOR 93109 ••• 

... tllD!LIIG OPTIONS USED: COHC 

Y-CCORD 
<METERS> 310.47 ------- -------
3230.19 1.50 
2830.19 1.50 
2430.19 1.50 
2030.19 1.50 
1630.19 1.50 
1230.19 1.50 
830.19 1.50 
430.19 1.50 
30.19 1.50 

-369.81 1.50 
-769.81 1.50 

-1169.81 1.50 
-1569.81 1.50 
-1969.81 1.50 
-2369.81 1.50 
-2769.81 1.50 
-3169.81 1.50 
-3569.81 1.50 

-• ""11."IHIJH ccx:zt.~•'1t.TIC« AT TllE WIR SITE 1ICIUllDARY (1993 Met.. Dat.a) 
•- Coarae Jlecllpt.Or Ckid (40Claa X 400.)/1000 ,,.1.·3 Source Cone. 

1WJW. !LEV FLG!'OL 

... R!'IWCRJC ID: COAIS! : ll!TWORl TtP!: GRIDCAKT ... 

* u:cznta FLAGl'OLI B!IGBTS II METDS • 

X-amD (HE!DS) 
710.47 1110.47 1510.47 1910.47 2310.47 2710.47 -- - - - - - - - - - - - - -- - - - - -- - - - - - ------

1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50" 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 1.50 1.50 

ADii• 

••• 
••• 

3110.47 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

04/11/95 
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3510.47 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 



Air Dispersion Modeling 

••• ISCLT2 - V!RSIClf 93109 ... ... MAXD11t a&:EifiATIOI A'! TB! WIPP SITE BOURDAJtY (1993 fWt. L'ata) 
... Coarse Receptor Grid (400ID X 400m)/1000 ,,g/m•3 Source Cone. 

' IG>!LIRG OPTIORS tJS!D: CX.: JWiAL !LEV FLG1'0L 

( .o. 2910.2, 1042.4, 
( 2991.9, 2991.9, 1066.8, 
( 3239.8, .o. 1079.0, 
( 3254.3, -3254.3, 1042.4, 
( .o, -3458.4, 1018.0, 
( -3190.8, -3190.8, 1008.9, 
( -3204.9, .0, 1018.0, 
( -2968.7, 2968.7, 1021.1, 

... DISCll!TE CART!SW RECE1'TCRS ••• 
cx-ax:an. Y-axJU>, ZELEV. ZFLAG> 

CHETDS> 

1.5); 1236.5, 2915.1, 
1.5); 3233.8, 1339.5, 
1.5); 3245.8, -1344.5, 
1.5); 1430.4, -3453.2, 
1.5); -1434.7, -3463.5, 
1.5); -3199.1, -1325.l, 
1.5); -3210.9, 1330.0, 
1.5); -1232.5, 2975.4, 

ADii• 

1048.5, 1.5); 
1066.8, 1.5); 
1060.7, 1.5); 
1036.3, 1.5); 
1005.8, 1.5); 
1018.0, 1.5); 
1030.2, 1.5); 
1188.7, 1.5); 

... 
• •• 

04/11195 
12:36:05 
PAGE 10 



Air Dispersion Mf:'r~·:::!ing 

*** ISCLT2 - VI:RSION 93109 ••• *** MAXIM'~ ctMCDrRATIOIC AT Tiii WIPP SID ICUlllWlY (1993 Me~. Dat.a) 
*** Coaraa Racapt.or Grid (400. X 400.)/1000 ,,./aa3 Souroa Coac. 

*** ta>!LIIG OPTIONS USED: COlfC JUJRAL ELEV FLGl'OL 

STABILITY 
CAn:GCJRY 

A 
B 
c 
D 
E 
F 

STABILITY 
CATEGCIRY 

A 
B 
c 
D 
E 
F 

1 
.70000!-01 
.70000!-01 
.100001+oo 
.150001+00 
.350001+00 
.550001+00 

1 
.OOOOOl+oO 
.OOOOOl+oO 
.OOOOOl+oO 
.OOOOOl+oO 
.100001-01 
.30000!-01 

*** AVERAGE SPEED Fca UCB Wiii> SP!!D CATEGORY *** 
(H!TERS/S!C) 

1.00, 2.25, 4.05, 6.55, 9.2!5, 12.50, 

*** WIJID !'llOFIU IXfOftDIS *** 

WIID Sl'llD CATIOCltY 
2 

.700001-01 

.700001-01 

.lOOOOl+oO 

.15000l+o0 

.350001+o0 

.550001+o0 

3 
.700001-01 
.700001-01 
.100001+oo 
.150001+o0 
.350001+o0 
.55000l+o0 

4 
.700001-01 
.100001-01 
.100001+oo 
.150001+00 
.350001+o0 
.550001+00 

••• V!RTICAL l'Ot!llTI.AL T!HP!RArUll! GRADIIH'IS ••• 
CDEGll!!S m.VII PEil M!T!ll) 

WIID SP!!D CAT!GCllY 
2 

.OOOOOl+oO 

.OOOOOl+oO 

.OOOOOl+oO 

.OOOOOl+oO 

.100001-01 

.300001-01 

3 
.OOOOOl+oO 
.OOOOOl+oO 
.OOOOOl+oO 
.OOOOOl+oO 
.100001-01 
.300001-01 

4 
.OOOOOl+oO 
.OOOOOl+oO 
.000001+00 
.OOOOOl+oO 
.100001-01 
.300001-01 

*** AVIRAG! AMllillT Aill T!HP!RATUll! Cm.VII) *** 

!5 
.70000!-01 
.70000!•01 
.100001+00 
.1!5000!+00 
.3!5000!+00 
.!5!5000!+00 

!5 
.00000!+00 
.OOOOOE+OO 
.OOOOOl+oO 
.000001+00 
.100001-01 
.30000!-01 

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY 
CAT!GORY A CAT!GCa? B CAT!GCltY C CAT!GCltY D CAn:GCJRY E CATEGORY F 

2811.1000 2811.1000 2811.1000 2811.8000 2811.1000 2811.1000 

ADll-100 

••• 
• •• 

6 
.70000E-Ol 
.70000!-0l 
.10000!+00 
.1!5000!+00 
.3!5000!+00 
.!5!5000!+00 

6 
.00000!+00 
.00000!+00 
.OOOOOE+OO 
.00000!+00 
.100001-01 
.30000!-01 

04/11/95 
12:36:0!5 
PAGE 11 



Air Dispersion Modeling 

•- ISCLT2 - V!llSICll 93109 ... •- MAXDUt COICEiilllATIOll AT TIE WIPP SITE IOUJIDaY (1993 Het.. Dat.a) 
... Coarae lecept.ar Grid (400m X 400.)/1000 11&/••3 Source Cone. 

i KlD!LiltG OPTICllS USED: CCBC IUIAL !L!V FLGPOL 

STABILITY CATEGCllY A 
STABILITY CATEGCllY B 
STABILITY CATEGCllY C 
STABILITY CATIGCllY D 
STABILITY CAT!GCRY E 
STABILITY CATEGCllY F 

... AVERAGE MDCIRG LAYER HEIGHT <METERS> *** 

WIID SPEED 
CATEGCllY 1 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

WIID SPEED 
CAT!GCllY 2 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

ADUAL 
WIID SPEED 
CATEGC.RY 3 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

WIID SPEED 
CAT!GCRY 4 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

ADll-101 

WIID SPEED 
CATEGORY 5 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

WIID SPEED 
CATEGORY 6 

1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 
1435.0000 

••• 
• •• 

04/11/95 
12:36:05 
PAGE 12 



Air Dispersion Modeling 

*** lSCLTZ - VERSIOll 93109 *** *** MAXDUt CXMCEHIJIATlClf AT 'i1!IE NIPP SIT! IOUlfDARY C1H3 Met.. Dat.a) 
... Coar•• •ecept.or Grid (400. X 400.)/1000 ,,.1.·3 Source Cone. 

*** K>DELlRG OPTlORS US!D: COllC llUJtAL !LIV FLGl'OL 

DIRECT I OH 
CDEGR!!S) 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DIRECTIO!I 
<DEGREES> 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

••• FREQUDCY OF OCCU11RERCE OF WJ:ID Sl'E!D, DDt!C'l'lCll .AID STABILITY -• 

FIL!: C:\tl)D!LS\HET\CJID93.STll 
SURFACE STATIOlf IO.: 11111 

RAHE: aJU. SJIAD 
YEAR: 1993 

l'CllHAT: C7X,6F7.5) 
UPPER ADl STATIOlf llO. : 11111 

RAHE: URDOWM 
Y!All: 1993 

ADUAL: STABILITY CATIOCRY A 

WIID Sl'E!D WIID SP!!D WDID SP!!D WIID SP!!D WD1D SP!!D WD1D SP!!D 
CATEGCIRY 1 CATIGCllY 2 CATIOCRY 3 CATIGCll? 4 CATIDCllY 5 CADOCIRY 6 

< 1.000 HIS> C 2.250 HIS> C 4.050 H/I) C 6.550 HIS) < 9.250 HIS) (12.500 HIS) 

.00049000 

.00026000 

.00020000 

.00035000 

.00016000 

.00014000 

.00010000 

.00008000 

.00008000 

.00006000 

.00000000 

.00004000 

.00000000 

.00002000 

.00020000 

.00008000 

.00047000 

.00071000 

.00035000 

.00047000 

.00095000 

.00083000 

.00059000 

.00047000 

.00047000 

.00035000 

.00000000 

.00024000 

.00000000 

.00012000 

.00035000 

.00047000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADUAL: STABILITY CATIGCllY B 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIID SPEED WIND SP!!D WIID SP!!D WIID SP!!D WI1ID SP!!D WIID SP!!D 
CATEGORY 1 CATEGCIRY 2 CAtlGCBY 3 CAtlGCBY 4 CATIGCllY 5 CATEGCIRY 6 

< 1.000 HIS> < 2.250 HIS) C 4.050 HIS) C 6.550 HIS) < 9.250 HIS) (12.500 HIS) 

.00136000 

.00041000 

.00098000 

.00125000 

.00137000 

.00055000 

.00071000 

.00101000 

.00091000 

.00028000 

.00014000 

.00042000 

.00027000 

.00029000 

.00026000 

.00020000 

.00213000 

.00296000 

.00201000 

.00248000 

.00473000 

.00331000 

.00390000 

.00485000 

.00296000 

.00059000 

.00035000 

.00083000 

.00047000 

.00071000 

.00024000 

.00142000 

.00241000 

.00142000 

.00083000 

.00106000 

.00166000 

.00260000 

.00343000 

.00367000 

.00379000 

.00047000 

.00024000 

.00035000 

.00047000 

.00024000 

.00024000 

.00130000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADll-112 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

·• •• 04/11/95 
12:36:05 .· .,. 
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Air Dispersion Modeling 

... ISCLT2 - VERSIOR 93109 - - HAXDll! CtliCERIUTIOlf AT mE WIPP SIT! BOUllDAllY (1993 Het. Data> *** 04/ll/'5 
- Coar•• &ecept.or Grid (40Dm X 400.)/1000 11&1••3 Source Cone. *** 12:36:05 

PAGE 14 
K:JDELIIG OPTIORS USED: CCIC amw. ELEV FLGl'OL 

-• FREQU!llCY OF CCCIJRl!llC! OF WIRD SPEED, Dil!CTIOR AID ST.ABILITY *** 

FILE: C:\tlml.S\M!T\CBD93.SU FClllHAT: C7X,6F7.5> 
SURFACE STATIOR llO.: 11111 UPPER Am STA'!IOR RO. : 11111 

KAME: CARLSBAD KAME: URJafOWK 
YEAR: 1993 YEAR: 1993 

.AlllW.: ST.ABILITY CATEGCllY c 

WIRD SPEED WIRD SPEED WIID SPEED WIRD SPEED WIRD SPEED WIID SPEED 
CATEGCllY 1 CATEGCat 2 CATIGICllY 3 CATEGCllY 4 CAT!GtU 5 CATEGCllY 6 

DIRECTIOR ( 1.000 MIS) ( 2.250 MIS) ( 4.050 MIS) < 6.550 MIS) C 9.250 MIS) (12.500 MIS) 
<DEGREES> ----------- ----------- ----------- ----------- ----------- -----------.000 .00023000 .00379000 .00769000 .00142000 .00024000 .DDDODDDO 

22.500 .00056000 .00296000 .00343000 .00013000 .00012000 .ODODDODD 
45.DDD .00042000 .00272000 .00213000 .00024000 .00000000 .DODOOODD 
67 .SOD .00057000 .00301000 .00130000 .00035000 .ODODDODD .OODODODD 
90.000 .00056000 .00296000 .00431000 .00095000 .00000000 .00000000 

112.500 .00010000 .00166000 .00355000 .00166000 .00000000 .00000000 
135.000 .00052000 .00426000 .01112000 .00402000 .00035000 .00000000 
157.500 .00063000 .00414000 .01219000 .00331000 .00035000 .00000000 
180.000 .00031000 .00414000 .01081000 .00402000 .00024000 .00000000 
202.500 .00032000 .00106000 .00095000 .00035000 .00035000 .00000000 
225.000 .00028000 .00047000 .00154000 .00012000 .00047000 .00000000 
247 .500 .00005000 .00013000 .00154000 .00130000 .00047000 .00035000 
270.000 .00006000 .00095000 .00119000 .00119000 .00177000 .00035000 
292.500 .00011000 .00095000 .00095000 .00012000 .00000000 .00000000 
315.000 .00044000 .00106000 .00111000 .00047000 .00000000 .00000000 
337.500 .00025000 .00201000 .00367000 .00154000 .00024000 .00000000 

.AlllW.: ST.ABILITY CATIXDlY D 

WIRD SPEED WillD SPEED WillD SPEED WillD SPEED WillD SPEED WillD SPEED 
CATEOCllY 1 CATIOC»lY 2 CATIOCllt 3 CAT!GCllY 4 CA'RGCllY 5 CAT!GtllY 6 

DlREcTIOR ( 1.000 H/S) ( 2.250 MIS) ( 4.050 M/S) < 6.550 MIS) ( 9.250 M/S) (12.500 MIS) 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------.000 .00055000 .00627000 .01088000 .01645000 .00355000 .00130000 

22.500 .00006000 .00213000 .00402000 .00544000 .00106000 .00012000 
45.000 .00019000 .00225000 .00260000 .00390000 .00000000 .00000000 
67.500 .00020000 .00284000 .00319000 .00272000 .00024000 .00000000 
90.000 .00050000 .00450000 .00639000 .00284000 .00000000 .00012000 

112.500 .00046000 .00331000 .00911000 .00710000 .00059000 .00012000 
135.000 .00037000 .00450000 .02011000 .02437000 .00213000 .00000000 
157.500 .00031000 .00639000 .01952000 .02047000 .00035000 .00012000 
180.000 .00043000 .00651000 .01'33000 .01503000 .00154000 .00035000 
202.500 .00004000 .00154000 .00450000 .00414000 .00047000 .00047000 
225.000 .00003000 .00111000 .00414000 .00461000 .00142000 .00024000 
247.500 .00014000 .00059000 .00556000 .02082000 .00663000 .00214000 
270.000 .00007000 .00241000 .00510000 .02449000 .01195000 .00876000 
292.500 .00043000 .00237000 .00355000 .00450000 .00047000 .00012000 
315.000 .00018000 .00119000 .00319000 .00521000 .00083000 .00035000 
337.500 .00017000 .00177000 .00722000 .01633000 .00213000 .00035000 



Air Dispersion Modeling ---------------------------·· - ·-··-··---------------
*** ISCLT2 - 'V!ltSIOll 93109 *** *** MAXnut aa::thiltATlO." /.T TBE WIPl S:tTt BO'j!:r:'.'~1 Cl 0 "'.l Met. Data) 

*** CoarM Receptor Grid (400m X 400m)/10CIO ,..1.·3 Source Cone. 

... K:>DELIIG O!'TIOllS USED: CCIC Jl1JRAL ELEV n.Gl'OI. 

DIRECTIOR 
(DEGREES) 

.ooo 
22.500 
45.000 
67 .500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DIRECTIOll 
(DEGREES> 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

*** FR!QUDCY OF OCCt11UtDCE OF WI11D SP!!I>, DIR!CTIOR A1'D STABILITY ... 

FIL!: C:\Km!LS\HET\CBD93.STR 
SURF.ACE STATIOll IO.: 11111 

RAHE: CARLSBAD 
YEAR: 1993 

FCRtAT: (7X,6F7 .5) 
UrP!R Aill STATIOll IO.: 11111 

RAHE: UlOCROWlf 
YEAR: 1993 

.AllllUAL: STABILITY CAT!GCllf I 

WIID S!'EED Wl1'D SP!!I> WI1ID S1'llD WI11D SP!!I> Wl1'D SP!!I> WIID SP!!I> 
CATIGORY 1 CATmcllY 2 CATmcllY 3 CATIDCll1' 4 CATIGClll' 5 CATIGCllY 6 

< 1.000 HIS> < 2.250 HIS> < 4.050 HIS) < 6.550 HIS) ( 9.250 HIS) (12.500 HIS) 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00213000 

.00237000 

.00118000 

.00166000 

.00402000 

.00556000 

.00615000 

.00816000 

.01065000 

.00509000 

.00603000 

.00532000 

.00521000 

.00331000 

.00225000 

.00201000 

.00603000 

.00248000 

.00166000 

.00119000 

.00154000 

.00379000 

.01041000 

.01313000 

.02236000 

.001'9000 

.00615000 

.01029000 

.01230000 

.00199000 

.00509000 

.00473000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.AllllUAL: STABILITY CADGCaY F 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIID Sl'EED WIID SP!!I> WI11D S1'llD NI1D SP!!I> WIID S1'llD WI11D SP!!I> 
CATIGOllY 1 CATIGtllY 2 CATmcllY 3 CATIGCll1' 4 CATIGCll1' 5 CATIGCll1' 6 

C 1.000 HIS> C 2.250 HIS> C 4.050 HIS) ( 6.550 HIS) ( 9.250 HIS> (12.500 HIS> 

.00286000 

.00118000 

.00162000 

.00154000 

.00189000 

.00134000 

.00215000 

.00541000 

.00448000 

.00301000 

.00150000 

.00300000 

.00454000 

.00363000 

.00343000 

.00217000 

.01053000 

.00461000 

.00301000 

.00343000 

.00473000 

.00473000 

.00710000 

.01111000 

.01609000 

.00935000 

.00561000 

.01053000 

.01479000 

.01100000 

.OOlttOOO 

.00722000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.9'916 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

... 
• •• 

04/11/95 
12:36:05 
?AGE 1~"""' 



· · ~r Dispersion Modeling 

._ ISCLT2 - VERSIOR 93109 - - MAXIIUf CUICEHIRATIOR AT TBE WIPP Sm 1IOUIDARY C1993 Met. Data) *** 04/11/95 
*** Coan• Jlec:eptor Grid (400. X 401111)/1000 '1&/••3 Source Cone. • •• 12:36:05 

PAGE 16 
· KlDELillG OPTIORS USED: CUiC JlDRAL ELEV FLGPOL 

VALUES Ftll SOURCE GROUP: ALL *** 
• 2 

*** l!nGI m: CXWIS! ; ll!'nllllC TYPE: GRillCART -• 

- CXltC OF Ml'l Ill MICllCGIWIS/H**3 •• 

Y-COCJRI> I X-axm> CHET!RS> 
<METERS> -3289.53 -2889.53 -2489.53 -2089.53 -1689.53 -1289.53 -889.53 -489.53 -89. 53 ------- ------ ------- ------ - - - - - - - - -- - -- -- ---- - ------ ------
3230.19 .023548 .021559 .034916 .042959 .052940 .064382 .067431 .074120 .079296 
2830.19 .023373 .028917 .036009 .045135 .056887 .071629 .083764 .093163 .105813 
2430.19 .023903 .028696 .038686 .04989' .065004 .078924 .098799 .128688 .135902 
2030.19 .023800 .030779 .038267 .051042 .068724 .093512 .126870 .162314 .174491 
1630.19 .022733 .030074 .040685 .053194 .075513 .109480 .159962 .225278 .235569 
1230.19 .021961 .025870 .038330 .052082 .073277 .122872 .183956 .290703 .339559 
830.19 .023780 .029602 .037794 .046614 .066989 .106401 .200474 .382191 .546075 
430.19 .025287 .029182 .038582 .048164 .062242 .084399 .139182 .410496 .707238 
30.19 .024792 .029252 .035213 .039959 .050149 .065586 .091976 .166994 .353487 

-369.81 .019664 .020939 .024056 .027938 .035941 .042480 .049705 .074936 .235300 
-769.81 .014912 .015279 .018118 .019972 .022374 .026202 .038419 .062496 .172591 

-1169.81 .011794 .011686 .012938 .015751 .017751 .021798 .030599 .046030 .109661 
-1569.81 .009714 .009903 .011726 .012851 .015303 .018367 .025178 .041690 .07'484 
-1969.81 .007816 .008421 .010565 .011390 .013172 .017179 .020581 .035551 .056792 
-2369.81 .007222 .007701 .001813 .009978 .012544 .014599 .019844 .032359 .047515 
-2769.81 .006229 .007035 .008398 .009577 .010931 .013404 .019578 .027059 .040522 
-3169.81 .005755 .006310 .007567 .009104 .010213 .012457 .017451 .022822 .028218 
-3569.81 .005206 .006141 .007265 .008049 .009514 .011689 .015452 .019413 .023358 

~105 



Air Dispersion Mod~!ng 

*** ISCLT2 - VERSION 93109 *** - HAXDllt COllCEHmATIOll AT ?II! WIR SITE IOUlllWlY (19'3 Miit.. Dat.a) ••• 04/11/95 
- Coaraa Raoept.or Gr1d (400. X 400.)/1000 ,..,.-3 Source Callo. • •• 12:36:05 

PAGE 17," •. 
••• KX>!LIIG OPTIONS USED: COllC l.UIAL IL!V 11.G!OL 

•- TB! AllUAL A'VIRAGI UB::EhiiiATICIC VALUES Fall SOURCE GROUP: ALL ••• 
IlfC1JJDIJIG SOUIC! CS): 1 • 2 

-· ~ m: COABSZ ~TYPE: GllIDCART *** 

** UlllC OF J.lfY II HICllDGMHS/H**3 •• 

Y·COCIU> X·UXIU> CHET!RS> 
CME'r!RS> 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 

- - - - - -- - - - - - - - - - - - - --- - - - - - - -- - ------ -- - - - ------ ------
3230.19 .072436 .060595 .046152 .036234 .031363 .026911 .022912 .019585 .018994 
2830.19 .089427 .067182 .049063 .040271 .033992 .021451 .02372.5 .022196 .022184 
2430.19 .111247 .079051 .054017 .044743 .036501 .029637 .021403 .021229 .027432 
2030.19 .136070 .016141 .062313 .049307 .031545 .036563 .036060 .034511 .032663 
1630.19 .169942 .093772 .071329 .053037 .049691 .041214 .045324 .041941 .0315.52 
1230.19 .211900 .114721 .079403 .072147 .069101 .062794 .056161 .050171 .OU8.59 
130.19 .237919 .135111 .120934 .109217 .093633 .079518 .067155 .058528 .051098 
430.19 .185668 .255094 .201731 .153509 .119603 .095916 .071971 .066351 .0.56868 
30.19 .742941 .411654 .279703 .192333 .141679 .109797 .011250 .072934 .061734 

-369.11 .161151 .197125 .111661 .145206 .115407 .093559 .077450 .065333 .056147 
-769.11 .1.52410 .113914 .125411 .102456 .013941 .073541 .063938 .055103 .049126 

-1169.11 .105151 .014016 .092711 .080556 .069453 .059.51.5 .051271 .046043 .041120 
-1569.81 .014194 .061464 .075031 .063474 .056911 .050715 .045041 .040064 .035742 
-1969.11 .068608 .0.5791.5 .053406 .053514 .046147 .042157 .039174 .035612 .0323,.7 
-2369.81 .041301 .046531 .041379 .043193 .040605 .036441 .033113 .030319 .029041 
-2769.81 .038331 .037193 .033336 .0326.56 .034006 .032305 .029460 .026796 .0251!•8 
-3169. 81 .031139 .029193 .026607 .026769 .021239 .028607 .026519 .023753 .0231fl.5 
-3569.81 .024006 .024.513 .022136 .022270 .023679 .024672 .023119 .020721 .019364 

ADll-108 



Air Dispersion Modeling 

ISCLT2 - VERSIOI 93109 - - HAXDllt CXliCEiliiATIOI AT 'l'BE WIPP sm IOIJlllWt! (1993 Met. Data) 
- Coar .. Receptor Grid C401111 X 401111)/1000 ,,.1.·3 Sow:ce Cone. 

- t«1DELIBG omORS USED: cm: JU11AL ELEV FLG10L 

- 'l'BE AIOIUAL A'V!RAGE CXliCEilliATIOll VALU!S l'tll SOURCE GROUP: ALL -
DCLllDIIG SOUICECS): 1 , 2 

- CXllC OF AllY D HICRDGRAHS/M**3 -
:1-alCIU> CH> Y-ccaRD CH) X-ccaRD CH) Y-c:ccm> CH) 

-·- 04/11/95 
12:36:05 
PAGE 18 

- - - - - - - - - - -- - - - - ---- - -- - - - - - - - - - -- -- - ---- - --- - - - - - - - - - - - - - - - - -- - -
.00 2910.24 .093147 1236.45 2915.05 .042787 

2991.88 2991.88 .020822 3233.75 1339.46 .046362 
3239.75 .00 .069241 3245.78 -1344.45 .040844 
3254.34 -3254.34 .021603 1430.39 -3453.24 .024714 

.OD -3458.37 .026837 -1434.65 -3463.51 .008456 
-3190. 77 -3190.77 .005799 -3199.06 -1325.09 .010385 
-3204.94 .oo .017024 -3210.85 1329.98 .022394 
-2968.68 2968.68 .028023 -1232.47 2975.44 .092751 
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- IICLT2 • "IZllICB 93109 ... ... HAXDllf CDIC!lrDtAfICB A'! ft! NI!'P IID JIOUIDAJlY C1"3 Het.. Daw) 
... Coaraa a.oape.o~ Grid (40111111 X 40111111)/1000 '4/••3 Source CoDc. 

... mE HAXDllf 10 AllUAL AVllAGE c::mcamA1'ICll 
DCLUDIIG IOIJllC!(S): 1 , 2 

- CDC OF ARY -

... ... 

UCIPIC& UCll, Yll) OF TD'! UCIPIOll (Xll, Yll) OF TYl'E 

04/11/95 
12:36:05 
r.MI! ~··' • 

- - - - - - -- - - - - ---------- - --- - - -- - ---- - - - - - - -- - - ---- -- -- -- - - - - - - - - - -
1. 
2. 
3. 
4. 
5. 

.742941 A'! ( 

.707238 A'! ( 

.546075 A'! ( 
• 411654 A'! ( 
• 410496 A'! ( 

310.47, 
-89.53, 
-89.53, 
710.47, 

•489.53, 

... JIEC!!'TClll TYl'!S: GC • GRillCAltT 
GP • GIIDl'OLll 
DC • DISCCART 
DP • DISCl'OLll 
ID • llOUJIDAI! 

30.lt) GC 
430.lt) GC 
830.19) GC 
30.19) GC 

430.19) GC 

6. 
7. 
8 • 
9 . 

10. 

.382191 AT ( 

.353487 A'! ( 
• 339559 A'! ( 
.290703 A'! ( 
.279703 A'! ( 
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-489.53, 
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Air Dispersion Modeling 

-• ISCLT2 - 'VERSIOll 93109 ... ... HAXDDI CXMCEiiiMTIOlf AT '11IE WIPP SITE IOUlllWl! C1993 Het.. Data> 
... CoarH Receptor Grid (401111 X 401111)/1000 '4/•-3 Source Cone. 

KXIELIBG OPTIOHS USED: CCllC 1WJW. ELEV FLGJIOL 

... HeHaa• S-.ry For ISC2 Model becut.ion ... 

--------- SlmDary of Tot.al Heaaaaea --------

A Tot.al of 
A Tot.al of 
A Tot.al of 

o Fat.al Error Heaaaae<•> 
o Warnina Heaaaae<•> 
O Infozmat.ional Heaaaae<•> 

........ FATAL ERRCR H!'SSAGES •••-• 
... ROllE ... 

••-•••• WARNING MESSAGES -
••• ROHE ••• 

.................................... 
••• ISCLT2 Finiahea Succeaafully •** .................................... 

• •• 
••• 

04/11/95 
12:36:05 
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.. , ,;~: . .t.lr Dispersion Modeling 

ISCLT2 - (DATED 93109) 

IJIH-PC \l!llSIOll 2.13 ISCLT2 
(C) CDPYRIGBT 1992, mnnn allSULT.AITS, IIC. 
SDI.AL tnllB!ll 9711 SOLD TO W!STIICGBOIJSE ELECTRIC CXllP 

Jlun BegUI OD 4/11/1995 at 12:44:25 

CO STAJlTIRG 
CO TITLEORE 1M1CD11M amcan&rim a '!Ill llll'P S11Z ..-uT (1994 llet.. Dat.a) 
CO TITL!niO Coane bcllptar Grid (40Clm Z 400.)/1000 141a•3 8-roe C-C. 
CO K>D!LOPT C011C JW1W. 
CD AVERTIM! A1'1'UAL 
CD 1'0LLUTI1> liJfY 
CD TER1tBGTS !LEV 
CD !L!VUIIT F!!T 
CD FLAGPOLE 1.500000 
CD 1WIClt1'0T 1W1 
CD FIIISB!D 
SO STARTIIG 
SO LOCATIOll 1 l'OIIT 0.00 0.00 1039.37 
so SRC1'.ARAH 1 0.100000 1.20 211.10 4.6591 
SO LOCATIOll 2 l'OIIT 0.00 7.20 1039.37 
SO SRCP.ARAH 2 0.100000 1.20 211.10 4.6591 
SO BUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO BUILDBGT 1 0.00 3.10 0.00 10.40 0.00 
SO BUILDllGT 1 0.00 6.10 6.10 6.10 
SO BUILDWID 1 2.35 0.00 0.00 0.00 
SO BUILDWID 1 0.00 1.35 0.00 2.a3 
so BUILDWID 1 o.oo a.ea 9.a5 13.20 
SO BUILDBGT 2 3.50 0.00 0.00 0.00 
SO BUILDBGT 2 0.00 3.ao 0.00 10.40 
SO BUILDBGT 2 0.00 6.10 6.10 6.10 
SO BUILDWID 2 1.09 0.00 0.00 0.00 
SO BUILDWID 2 0.00 1.35 0.00 2.13 
SO BUILDWID 2 0.00 I.II 9.15 13.20 
SO EMISIJHIT 1000000.000000 GIWB/SIC HICICGRAHS/H'"*3 
SO SRCGROUP ALL 
SO FIHISBED 
RE STAJlTIRG 

STA 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

4.400 

4.400 
0.00 
0.00 

0.00 
0.00 

0.00 
o.oo 

o.oo 
o.oo 

RE GIUDCAJlT COARSE 
RE GIUDCAJlT COARSE 
RE GIUDCAJlT COARSE 
RE GIUDCAJlT COARSE 
RE GIUDCAJlT COARSE 
RE GIUDCAJlT COARSE 
RE GIUDCAJlT COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART COARSE 
RE GRIDCART CDAISI 
RE GRIDCAllT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAJlT COARSE 
RE GlUDCAJlT COARSE 
RE GRIDCAKT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCAllT COARSE 
RE GRIDCAJlT COARSE 
RE GRIDCART CXIAllSI 
I! GRIDCAllT COAllSI 
I! GRIDCAllT CCIAJtSE 
RE GllIDCAllT CCIAJtSE 
IE GIW>CARt awlSI 
RE GRroc:AIT CCIAJtSE 
I! GaIDCAllT CXIAISI 
I! GaIDCAllT CXIAISI 

XYIIC -3219.53 la 400.00 -3569.11 11 400.00 
ELEV 1 3300.00 3310.01 3320.01 3320.01 
ELEV 1 3329.99 3329.99 3329.99 3329.99 
ELEV 1 3329.99 3339.99 3360.01 3370.01 
!LEV 1 3319.99 3410.01 3429.99 3429.99 
!LEV 1 3420.01 3420.01 
!LEV 2 3310.01 3310.01 
ELEV 2 3329.99 3339.99 
!LEV 2 3339.99 3360.01 
ELEV 2 3400.00 3420.01 
!LEV 2 3429.99 3440.03 
!LEV 3 3310.01 3320.01 
!LEV 3 3329.99 3339.99 
!LEV 3 3370.01 3370.01 
!LEV 3 3410.01 3430.02 
!LEV 3 3429.99 3429.99 
!LEV 4 3320.01 3320.01 
!LEV 4 3339.99 3339.99 
!LEV 4 3370.01 3379.99 
!LEV 4 3429.99 3450.00 
!LEV 4 3429.99 3439.99 
!LEV 5 3320.01 3320.01 
!LEV 5 3339.99 3350.00 
!LEV 5 3370.01 3400.00 
!LEV 5 3460.01 3460.01 
!LIV 5 3450.00 3460.01 
!LEV 6 3339.99 3329.99 
ELEV 6 3350.00 3350.00 
!LEV 6 3379.99 3400.00 

3320.01 3329.99 
3339.99 3339.99 
3370.01 3379.99 
3460.01 3439.99 

3330.02 3329.99 
3350.00 3350.00 
3319.99 3400.00 
3450.00 3439.99 

3329.99 3329.99 
3350.00 3360.01 
3400.00 3410.01 
3439.99 3450.00 

3339.99 
3350.00 
3410.01 
3450.00 

3339.99 
3360.01 
3420.01 
3439.99 

3339.99 3339.99 
3360.01 3370.01 
3410.01 3439.99 
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41JJ!CAU CDOS! ILZV 6 3460.01 3460.01 3460.01 3460.01 
'i! GRI!!CAU CIOAISE ILZV 6 3460.01 3470.01 
I! GH!!CAIT awtS! ELZV 7 3350.00 3339.99 3339.99 3350.00 
I! GR!JX'Allt awtS! ELZV 7 3350.00 3360.01 3370.01 3379.99 
I! GR1'DC'UT awtS! ELZV 7 3389.99 3400.00 3410.01 3439.99 
I! GPl'DC'AIT awtS! 1LZV 7 3470.01 3470.01 3470.01 3479.99 
I! GRI!!CAU COAllSI ELZV 7 3489.99 3500.00 
llE GRI!!CAU CDAISE ELZV 8 3360.01 3350.00 3360.01 3360.01 
u GRil!CAJlT CXWtSE ILZV 8 3360.01 3360.01 3379.99 3389.99 
u GRI!!CAU CXWtSE ELZV 8 3400.00 3410.01 3420.01 3439.99 
U GR!DC&IT COABSI ILZV 8 3470.01 3479.99 3489.99 3500.00 
I! GRI!!CAU COABSI ILZV 8 3510.01 3520.01 
U GRIDCART COABSI ELEV 9 3379.99 3370.01 3370.01 3370.01 
u GRil!CAJlT c:aauz ILZV 9 3379.99 3379.99 3379.99 3389.99 
I! GRil!CAJlT COABSI ELZV 9 3400.00 3410.01 3429.99 3450.00 
I! GRI!!CART CQdSE ILZV 9 3470.01 3500.00 3510.01 3520.01 
u GRil!CAJlT CXWtSE ELZV 9 3529.99 3550.00 
U GRil!CAJlT COABSI ILZV 10 3400.00 3400.00 3400.00 3389.99 
u GRI!!CAU COA1ISE ELEV 10 3389.99 3389.99 3389.99 3400.00 
u GRil!CAJlT COA1ISE ELEV 10 3410.01 3420.01 3429.99 3450.00 
U GRI!!CART COARSE ELEV 10 3470.01 3500.00 3510.01 3529.99 
U GRIDCAJtT COAltSE ELEV 10 3539.99 3550.00 
I.I GRil!CAJlT COAltS! ELEV 11 3400.00 3400.00 3410.01 3410.01 
RE GRI!!CART CXWtSE ELEV 11 3410.01 3410.01 3410.01 3420.01 
U GllIIICAllT COARSE ELEV 11 3420.01 3420.01 3439.99 3460.01 
u GllIIICAllT awtS! ELEV 11 3479.99 3510.01 3510.01 3529.99 
U GIUDCAJlT COABS! ELEV 11 3539.99 3539.99 
IE GRIDCART COABS! ELEV 12 3319.99 3400.00 3410.01 3410.01 
IE GlUDCAlll' COAltS! ELEV 12 3410.01 3410.01 3420.01 3429.99 
I.I GRIDCAJlT COABS! ELEV 12 3439.99 3439.99 3439.99 3460.01 
RE GRIDCAJlT COARSE ELEV 12 3479.99 3500.00 3500.00 3510.01 
U GlUDCAlll' COARSE ELEV 12 3520.01 3529.99 
RE GllIIICAllT awtS! ELEV 13 3379.99 3379.99 3400.00 3400.00 

'JUDCAJtT COABS! ELEV 13 3400.00 3420.01 3420.01 3429.99 
.anx:AJlT COABS! ELEV 13 3460.01 3460.01 3460.01 3470.01 

U GRIDCAR.T COARSE ELEV 13 3489.99 3500.00 3489.99 3500.00 
U GRIDCA1lT COARSE ELEV 13 3500.00 3510.01 
U GllIIICAllT COARSE ELEV 14 3370.01 3379.99 3389.99 3389.99 
IE GRIDCAJtT COAJtSE ELEV 14 3400.00 3410.01 3420.01 3439.99 
U GRIDCAltT COARSE ELEV 14 3460.01 3460.01 3470.01 3470.01 
U GRIDCART COARSE ELEV 14 3479.99 3479.99 3479.99 3489.99 
U GRIDCAltT COARSE ELEV 14 3489.99 3500.00 
U GRIDCART COARSE ELEV 15 3360.01 3370.01 3370.01 3379.99 
R! GRIDCART COARSE ELEV 15 3389.99 3400.00 3410.01 3429.99 
U GRIDCAJtT COARSE ELEV 15 3450.00 3460.01 3460.01 3460.01 
R! GRIDCART COARSE ELEV 15 3470.01 3470.01 3470.01 3479.99 
R! GRIDCA1lT COARSE ELEV 15 3500.00 3510.01 
R! GRIDCAltT CQAJlSE ELEV 16 3350.00 3350.00 3370.01 3379.99 
R! GRIDCAltT awtS! ELEV 16 3319.99 3389.99 3400.00 3429.99 
I! GlUDCAlll' COARSE ELEV 16 3439.99 3460.01 3450.00 3450.00 
IE GRI!!CAllT COABS! ELEV 16 3450.00 3460.01 3470.01 3489.99 
IE GRI!!CAllT COARSE ELEV 16 3500.00 3510.01 
R! GRIDCAltT COARSE ELZV 17 3339.99 3350.00 3360.01 3370.01 
I! GlUDCAlll' COAJtSE ELEV 17 3379.99 3389.99 3400.00 3410.01 
u GRIDCARt COAJtSE ELEV 17 3429.99 3429.99 3429.99 3439.99 
I! GRTDC&IT COAJtSE ELEV 17 3450.00 3460.01 3470.01 3489.99 
II GRT!Y"QT CDAIS! ILZV 17 3510.01 3520.01 
II c;auran CDARSE 1LZV 18 3339.99 3350.00 3360.01 3370.01 
II GRIDC41T CDAIS! ELEV 18 3379.99 3319.99 3319.99 3400.00 
11 GRl'DC'UT CDARSE ELEV 18 3410.01 3420.01 3429.99 3439.99 
II GllIIICAllT COARSE ELEV 18 3450.00 3460.01 3479.99 3489.99 
II GllDCUT CDAIS! ELEV 18 3500.00 3510.01 
II GR1'DC'UT COAJtSE FLAG 1 1.50 1.50 1.50 1.50 
II GRI!!CAllT caus! FLAG 1 1.50 1.50 1.50 1.50 
II GR!DCUT CDAIS! FLAG 1 1.50 1.50 1.50 1.50 
RE GR!DCART awtS! FLAG 1 1.50 1.50 1.50 1.50 
11!: GR!DCHT caus! FLAG 1 1.50 1.50 

CllJ1X"AIT CDAIS! FLAG 2 1.50 1.50 1.50 1.50 
CllJ1X"UT awtS! FLAG 2 1.50 1.50 1.50 1.50 

d GRnruT COUSE FLAG 2 1.50 1.50 1.50 1.50 
II GR1'DC'UT COUSE FLAG 2 1.!ICI 1.50 1.50 1.50 
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11 cmmcur COAltS! ruo z 1.50 1.50 
11 GRUX:AIT COAltS! FLAG 3 1.50 1.50 1.50 1.50 .. 
II GRUX:AIT COAltS! FLAG 3 1.50 1.50 1.50 1.50 
II GRTtX:AllT COAltS! ruo 3 1.50 1.50 1.50 1.50 '""""' II cmnx:m COAlll ruo 3 1.50 1.50 1.50 1.50 
II GRDICAIT CDAISI FLAG 3 1.50 1.50 
II Glmcu? CDAISI FLAG 4 1.50 1.50 1.50 1.50 
II Gl.IllC'A1lT CQAISI ruo 4 1.50 1.50 1.50 1.50 
II GRIDCAJlT CQAISI FLAG 4 1.50 1.50 1.50 1.50 
I! GRIDCAJl? CDAISI FLAG 4 1.50 1.50 1.50 1.50 
II GIUX:AIT CDAISI FLAG 4 1.50 1.50 
II GIIDCART COAltS! FLAG 5 1.50 1.50 1.50 1.50 
II Gllil>CAllT CDAISI ruo 5 1.50 1.50 1.50 1.50 
II GITDCART COAlll FLAG 5 1.50 1.50 1.50 1.50 
II GllIDCA1lT COAISE FLAG 5 1.50 1.50 1.50 1.50 
II GllIDCA1lT COA111 FLAG 5 1.50 1.50 
II GRIDCAJlT COAlll FLAG 6 1.50 1.50 1.50 1.50 
II GRIDCAJlT COA1SE rua 6 1.50 1.50 1.50 1.50 
I! CiRIDCAllT COAISE FLAG 6 1.50 1.50 1.50 1.50 
II GRIDCAJlT CCA1SE FLAG 6 1.50 1.50 1.50 1.50 
II GllIDCAIT CDAISI FLAG 6 1.50 1.50 
II GRIDCAJlT CQARSE FLAG 7 1.50 1.50 1.50 1.50 
I! GRIDCAJlT COAISE FLAG 7 1.50 1.50 1.50 1.50 
II GRIDCAJlT CQARSE FLAG 7 1.50 1.50 1.50 1.50 
II CiRIDCAllT COAISE FLAG 7 1.50 1.50 1.50 1.50 
RE GRIDCAJlT COARSE FLAG 7 1.50 1.50 
I! GRIDCAJlT COARSE FLAG 8 1.50 1.50 1.50 1.50 
II GllIDCA1lT COARSE FLAG 8 1.50 1.50 1.50 1.50 
II GRIDCAJlT COARSE FLAG 8 1.50 1.50 1.50 1.50 
II GRIDCAJlT COAISE FLAG 8 1.50 1.50 1.50 1.50 
II GIIDCAIT CQARSE FLAG 8 1.50 1.50 
II GIIDCAIT c:aARSE FLAG 9 1.50 1.50 1.50 1.50 
II Gl:tinllT c:aARSE FLAG 9 1.50 1.50 1.50 1.50 
II GRIDCAJlT CQARSE FLAG 9 1.50 1.50 1.50 1.50 
II GRIDCAJlT CQARSE FLAG 9 1.50 1.50 1.50 1.50 
II GRIDCAJlT CQARSE FLAG 9 1.50 1.50 
RE GllIDCAJlT CQARSE FLAG 10 1.50 1.50 1.50 1.50 
RE GRIDCAJlT CQARSE FUG 10 1.50 1.50 1.50 1.50 
II GIUX:'IT c:aARSE FUG 10 1.50 1.50 1.50 1.50 
I! GRIDCAllT CQARSE FLAG 10 1.50 1.50 1.50 1.50 
RE GRIDCAJlT CQARSE FUG 10 1.50 1.50 
IE GRIDCAJlT COARSE FLAG 11 1.50 1.50 1.50 1.50 
II GllIDCA1lT COARSE FLAG 11 1.50 1.50 1.50 1.50 
RE GRIDCAJlT COARSE FLAG 11 1.50 1.50 1.50 1.50 
RE GRIDCAJlT COARSE FLAG 11 1.50 1.50 1.50 1.50 
RE GllIDCA1lT COARSE FUG 11 1.50 1.50 
RE GRIDCAJlT COARSE FLAG 1Z 1.50 1.50 1.50 1.50 
RE GRIDCA1l? COARSE FLAG 1Z 1.50 1.50 1.50 1.50 
RE GRIDCAJl? COAllSE FLAG 1Z 1.50 1.50 1.50 1.50 
IE GIWJCART COAllSE FLAG 1Z 1.50 1.50 1.50 1.50 
IE GllIDCA1lT COAllSE FLAG 1Z 1.50 1.50 
IE GRIDCAllT COARSE FUG 13 1.50 1.50 1.50 1.50 
D GRIDCAJlT COAllSE FLAG 13 1.50 1.50 1.50 1.50 
IE GRIDC.\RT c:aARSE FLAG 13 1.50 1.50 1.50 1.50 
IE GRIDCAJlT COARSE FLAG 13 1.50 1.50 1.50 1.50 
IE GIIDC"1lT COARSE FLAG 13 1.50 1.50 
I! GRIDCAJlT COAISI FLAG 14 1.50 1.50 1.50 1.50 
IE GRIDCAJlT CQARSE FLAG 14 1.50 1.50 1.50 1.50 
D GIIDCAIT c:aARSE FLAG 14 1.50 1.50 1.50 1.50 
II GRIDCAKT COAISI FLAG 14 1.50 1.50 1.50 1.50 
D GRDICAllT COAISI FLAG 14 1.50 1.50 
IE GRIDCAJlT COAISE FLAG 15 1.50 1.50 1.50 1.50 
IE GRIDCAIT COAllSI FLAG 15 1.50 1.50 1.50 1.50 
IE GIT!X:"'T COAISI FLAG 15 1.50 1.50 1.50 1.50 
II GRIDCA1lT COAltS! FLAG 15 1.50 1.50 1.50 1.50 
U GRUX:AIT COAltS! FLAG 15 1.50 1.50 
u: GRIDCAJlT COAltS! FLAG 16 1.50 1.50 1.50 1.50 
U: GllIDCART COAltS! FLAG 16 1.50 1.50 1.50 1.50 
U GRIDCAIT COAISE rua 16 1.50 1.50 1.50 1.50 
II GRIDCAU COA1tS! FUD 16 1.50 1.50 1.50 1.50 
II GRIDCAU COAUE FLAG 16 1.50 1.50 
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WT. GIUDCAJlT COARSE FLAG 17 
ilIDCAU CQAllS! FLAG 17 
aamc:AR.% COl.JIS! FLAG 17 

.IE GllillCAll% CQAllS! FLAG 17 
IE GRIDCAll CCAJISE FLAG 17 
IE GIW>CAar COARSE FLAG 11 
IE GRillCAll1' COARSE FLAG 11 
IE GIWICAJlT COARSE FLAG 11 
U GRIDCAllT COARSE FLAG 11 
U GIUDCAJlT COARSE FLAG 11 
U GIWICAJlT COARSE DD 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

U DISCCART 0.00 2910.24 3420.01 1.50 
U DISCCAllT 1236.45 2915.05 3439.99 1.50 
U DISCCAllT 2991.11 2991.11 3500.00 1.50 
U DISCCART 3233.75 1339.46 3500.00 1.50 
U DISCCART 3239.75 0.00 3539.99 1.50 
U DISCCART 3245.71 ·1344.45 3479.99 1.50 
RE DISCCART 3254.34 ·3254.34 3420.01 1.50 
RE DISCCART 1430.39 -3453.24 3400.00 1.50 
RE DISCCAllT 0.00 •3451.37 3339.99 1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

IZ DISCCART •1434.65 -3463.51 3300.00 1.50 
RE DISCCART ·3190.77 -3190.77 3310.01 1.50 
U DISCCART -3199.06 •1325.09 3339.99 1.50 
!!! DISCCART ·3204.94 0.00 3339.99 1.50 
RE DISCCART -3210.85 1329.91 3379.99 1.50 
RE DISCCART -2968.68 2968.68 3350.00 1.50 
RE DISCCART -1232.47 2975.44 3900.00 1.50 
RE FIIUSBED 
H! STAJlTIRG 
H! Ilf1'U'1TIL C:\KlDELS\H!T\CID94.SD <7X,6F7.5) 
H! IJllMBGllT 10. 000 H!T!llS 
H! SUJlFDATA 11111 1994 CA1tLSMJ> 
H! UAIIUIAtA 11111 1994 
HE STAJU>ATA A100JAL 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

H! AV!SP!!D l.00 2.25 4.05 6.55 9.25 12.50 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

AVET!HPS A100JAL 288.80 218.80 288.10 211.10 211.10 211.10 
AV!HIXllT AlOnJAL A 143~00 1435.00 1435.00 1435,00 1435.00 1435.00 

fl! AV!HIXllT A100JAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AvntDall' A100JAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AvntDall' A100JAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AvntDall' A100JAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! AvntDall' A100JAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
H! DTBETADZ A 0.00 0.00 /~.00 0.00 0.00 0.00 
HE DTB!TADZ B 0.00 0.00' 0.00 0.00 0.00 0.00 
H! DTBETADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
H! DTBETADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
H! DTBETADZ E 0.01 0.01 0.01 0.01 0.01 0.01 
H! DTB!TADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
H! FDfISll!D 
OU STAllTIJG 
OU JIECTABLE SllCGRP 
OU HAXTABLE 10 SllCGRP 
OU PLOtFILE ADUAL ALL C:\tllDILS\lll9PA094.Gl'll 70 
OU FIIISB!D 

................................... 
*** SETUP FiDiabea Succeaatul.17 ... 
••••••••••••••••••••••••••••••••••• 



Air Dlaperalon Modeling 

- !SCLT2 - VDSIOll '3109 - - HAXD1M COBCDrRATIOlf AT TB! NIPP SITE IOUIDAU (1994 Het.
0

• Dat.a) 
- Coar•• Recept.or Grid C4DClll X 400.)/1000 -.1a•3 Source Cone. 

·- ta>1L S!TUP O!'TIOllS S1HWl? -
**Modal Ia Sat.up For Calculation of Averaaa CCBCent.rat.ion Valuaa. 

**Modal Uaea llURAL Diaperaion. 

**Modal Uaa• User-Specified Opt.imaa: 
1. Final Pl- Jliae. 
2. St.eclt-t.ip Downwub. 
3. IU01ancr-1ndlaced D1apera10D. 
4. Default Wind Profile !zpcmata • 
.5. Uaer-Specified Vertical Potnt.ial Tmperatur• Gradient.a. 

**Model Acc9P" Jlecept.ora on !LEV Terrain. 

*"'Hodel Accept.a FLAGPOL! Recept.or B•ilhta. 

*"'Hodel Celculat.ea 1 srAa Aver .. eC•> for t.ba Fol.lowi'DI Hcmt.ba: 
Seaaona/Ouart.•ra: 

ad Azmual: 

-Data Fila Includes 1 STAR S.-ri•• for t.b• Follawi'DI Hontba: 

**Thia Run Includaa: 2 Source Ca> : 

S.aaona/C)aart.era: 
ad Ammal: 

l Source Groap(a): ad 

**Tba Hodel Aaa1D .. A Pollut.ant '!Jpe of: at 

**Modal Sat To Continue IUJBniq After t.be Set.up Teat.in&. 

**Out.pat. Opt.ion• Selected: 

0 0 0 0 D 0 0 D 0 D D 0 
0 0 0 D 
l 

0 0 D D D D D D D 0 D D 
D D D D 
l 

340 Jlecept.or(a) 

Hodel Out.pat.a TablH Of 1.ona T•m Value• b7 Jlaoept.or (llCfAll.I ~) 
Modal Out.put.a l'ablaa of Hazi8D I.ona l'•- Vallaea CMAXTAILI ~> 
Hodel Out.pat.a Ext.ernal FileCa) of 1.ona Tam Values for Plott.ill& Cri.ornLI X""'°rd) 

**Hiac. Input.a: An-. Bat. Ca> • 10.00 ; Dec91 Coef. • .DODD ; lot. ADala • .D 
EaiaaiOD Unit.I • GllAllS/SIC ; llli.aa.lon Rate Unit Fact.or • 
Out.}lllt. Unit.a • KICllDGRMIBIH**3 

·*** 

.1DDDOE+o7 

**Out.put. hillt File: C:\ta>ILS\llft'PAD94 .LST 

04/11/9!"' 
12:44:, 
PAGE f-, 



Air Dispersion Modeling 

... ISCLT2 - VERSION 93109 ... ... MAXIIUI c:mcamtATIClf AT TIE NIPP SIT! ICIUlllWlY C1994 "41t.. Dat.a) 
... Coaraa a.oept.or Grid (401111 X 401111)/1000 11a/••3 Source Cane. 

••• ... 04/11/95 
12:44:28 
PAGE 2 

• ta>ILIIG OPTIOllS USED: am: IUUL 1LEV PLGlm. 

SOURCE 
ID 

HlHER EHISSIOll RAT! 
PART. (US!R OBITS) 
CATS. 

*** l'OIIT IOIJllC! DATA *** 

BASI ST.Aa ST.Aa ST.Aa STACK 
X Y !LEV. BEIGBT T!HP. EXIT VEL. DIAMETER 

<H!T!IS> (M!T!RS) <HETERS> CH!TlllS> <D!G.U CH/S!C) <HETERS> 

BUILDING EMISSION RATE 
EXISTS SCALAR VARY 

BY - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -- - - - - - - - - - - - - - - - - - -
1 
2 

0 
0 

.lOOOOE+DO 

.10000E+o0 
.0 
.0 

.o 1039.4 
7.2 1039.4 

8.20 288.80 
1.20 288.10 

ADll-1tl 

4.66 
4.66 

4.40 
4.40 

YES 
YES 



Air Dispersion Modeling ---------------------------·--· ........ 
... ISCLf2 - V!RSIOll 93109 ... ... HAXDUt CCllCDtltAfIOR AT Tl! Wil'P SIT! IOUlUWlY <19'4 Het.. Oat.a) ••• Coar•• aecept.or Grid (400. ~ 400.)/1000 ,..;1~·3 Sc.u.~• Con~. 

... tllD!LIIG OPfIORS USED: CCIRC 1UJ1W. EL!V FLGPOL 

... SOURCE ma D!FIIIJG SCIUIC! GROUPS ••• 

GROUP m 

ALL 1 • 2 

~111 

• •• 
••• 

04/11/95 
U:44:21 
PAGE 3 



Air Dispersion Modallng 

·- ISC.T2 - VEISIOR 93109 ... ... MAXIMllt CDICDTJtATIClf AT TIE WIPP SITE IOURDARY (1994 Met.. Oat.a) ·- 04/11/95 
... Coarse Receptor Grid (400. X 400.)/1000 ,,.1.·3 Source Cone. *** 12:44:28 

PAGE 4 
• KX>ELIIG OPTIORS USED: c:mc IDRAL EL!V FLGl'OL 

... DilllCTICIR SPECIFIC IUILDillG DIHEllSIOllS ._ 

SOURCE ID: 1 
IFV IB BW WAI: IFV IB IW WAI: IFV IB IW WAJC IFV llB llW WAJC 

1 10.4, 2.3, 0 2 .o, .o, 0 3 .0, .0, 0 4 . 0, .o . 0 
5 .o, .o. 0 6 .o. .o. 0 7 .0, .o. 0 8 3.8, 1.3, 0 
9 .0, .o, 0 10 10.4, 2.8, 0 11 .o. .0, 0 12 .o, .0, 0 

13 .0, .o. 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.1, 13.2, 0 

SOURCE ID: 2 
IFV IB IW WAI: IrV IB ., WAI: IFV IB IW WAI: IFV IB IW WAJC 

1 3.5, 1.1, 0 2 .o. .o. 0 3 .o. .o. 0 4 .o, .0, 0 
5 .0, .o. 0 6 .o. .o. 0 7 .o. .o, 0 I 3.8, 1.3, 0 
9 .o. .0, 0 10 10.4, 2.8, 0 11 .o. .o. 0 l2 .o, .0, 0 

13 .o, .o, 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.1, 13.2, 0 

AIJll.117 



Air Dispersion Modeling 

*** ISCLT2 - V!RSIOll 93109 *** *** HAXIHUH COllCERntA'?IOlf Ar tll! HIPP SU! IOU1'DARY (1994 Het.. Data) 
*** Coar•• ••capt.or Grid (400. X 400.)/1000 11&1•-3 Source Cone. 

*** KJD!LIRG OPTIORS USED: COlfC IWltAL !L!V FLG1'CL 

-32119.5, -211119.5, 
710.5, 1110.5, 

-3569.11, -3169.11, 
430.2, 830.2, 

*** GRIDDED l!CEPTCIR ~ SlHWlY *** 

*** 1'znax ID: COAJtSE ; ll!TWaRl TR!: GlUDCAltT *** 

-24119.5, 
1510.5, 

-2769.11, 
1230.2, 

*** X-CCDIDIIAT!S OF GlUD *** 
CMETDS> 

-20119.5, -16119.5, -12119.5, 
1910.5, 2310.5, 2710.5, 

*** Y-coaRJ)IIAT!S OF GlUD *** 
CMETDS> 

-2369.11, -1969.11, -1569.8, 
1630.2, 2030.2, 2430.2, 

-11119.5, 
3110.5, 

-1169.8, 
2830.2, 

Aml-111 

-4119.5, 
3510.5, 

-769.8, 
3230.2, 

-119.5, 

-369.8, 

*** 
*** 

310.S, 

30.2, 

04/11/95 
12:44:28 
PAGE ··'' 



Air Dispersion Modeling 

,... ISCLT2 - V!ISICll 93109 ,... ,... HAXDllf c:mlClll1!lATICll AT DZ NIPP SIT! IOUllDARY (1994 Met.. Dat.a) ••• 04/11/95 
*** Coarae a.oept.or Grid (400. X 400.)/1000 ,..1.·3 Source Cone. ·- 12:44:28 

PAGE 6 
ta>ELDIG OP1'ICllS USED: CXlfC JWlW. ELEV FLG!OL 

,... ll!?WCllJC ID: COARD ; ll!twCltl: TYPE: GIUDCAllT •-

• 11.EVATICll l!IGllTS Ill HETDS * 

Y-COORD I X-aDID CHETDS> 
(H!'f!RS) -3219.53 -21119.53 -2419.53 -2019.53 -1619.53 -1219.53 -889.53 -419.53 -19.53 ------- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - ------
3230.19 1018.03 1021.08 1024.13 1027.18 1030.22 1033.27 1033.27 1036.32 1039.37 
2830.19 1018.03 1021.08 1024.13 1027.18 1030.22 1033.27 1036.32 1039.37 1045.46 
2430.19 1021.08 1021.08 1027.18 1030.22 1033.27 1033.27 1036.32. 1045.46 1048.51 
2030.19 1024.13 1027.18 1027.18 1030.22 1033.27 1036.32 1039.37 1045.46 1051.56 
1630.19 1027 .18 1030.22 1033.27 1033.27 1036.32 1039.37 1042.42 1048.51 1054.61 
1230.19 1030.22 1030.22 1036.32 1036.32 1036.32 1042.42 1042.42 1045.46 1054.61 

830.19 1033.27 1036.32 1039.37 1039.37 1039.37 1039.37 1042.42 1045.46 1048.51 
430.19 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1042.42 1042.42 

30.19 1036.32 1036.32 1036.32 1033.27 1033.27 1033.27 1033.27 1036.32 1039.37 
-369.81 1030.22 1027.18 1027.18 1027 .18 1030.22 1030.22 1030.22 1033.27 1036.32 
-769.81 1024.13 1021.08 1024.13 1024.13 1024.13 1024.13 1030.22 1033.27 1036.32 

-1169.81 1021.08 1018.03 1018.03 1021.09 1021.08 1024.13 1027 .18 1030.22 1033.27 
-1569.81 1018.03 1014.98 1018.03 1018.03 1021.09 1021.08 1024.13 1027.18 1030.22 
-1969.81 1011. 94 1011.94 1018.03 1018.03 1018.03 1021.08 1021.09 1024.13 1027.18 
-2369.81 1011.94 1011.94 1014.98 1014.98 1018.03 1018.03 1021.08 1024.13 1027.18 
-2769.81 1008.19 1011.94 1014 ·" 1014.91 1014.91 1018.03 1021.08 1021.08 1027.18 
-3169.81 1008.19 1008.19 1011.94 1014.91 1014.98 1018.03 1018.03 1018.03 1018.03 
-3569.81 1005.84 1008.19 1011.94 1011.94 1014.98 1014.98 1014. 98 1014.98 1014.98 

ADll-119 



Air Dispersion Modeling 

-• ISCLT2 - V!llSIO!f 93109 •- ._ MAZDllf CXllC!lftltATIOI AT Tl! WI!'P SIT! llCUIDAU (1994 Met.. Dat.a) ·- 04/11195 
._ Coarse Recept.or Grid (401111 I 401111)/1000 11&/••3 Source Cone. • •• 12:44:28 .. 

PAGE 
•- KX>ELIIG OPTIOHS US!D: CORC IUllAL !L!V FLGl'CL 

._ m:rwtlRI: ID: alAIS! : l!nam: TYPE: GRIDCART ._ 

• !L!VATIOI BEIGBTS II MET!IS * 

Y-COORD I x-cxam <MET!IS > 
(H!TERS) 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 3110.47 3510.47 

- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - -- -- - - - - - - - - - - - - - - ------
3230.19 1042.42 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1066.80 1069.85 
2130.19 1045.46 1045.46 1041.51 1051.56 1054.61 1057.66 1063.75 1069.85 1072.90 
2430.19 1054.61 1051.56 1051.56 1051.56 1054.61 1057.66 1063.75 1066.10 1069.85 
2030.19 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1066.10 1069.85 
1630.19 1054.61 1057.66 1057 .66 1060.70 1060.70 1060.70 1063.75 1063.75 1066.80 
1230.19 1054.61 1054.61 1057 .66 1063.75 1066.80 1063.75 1066.80 1066.80 1069.85 
830.19 1048.51 1041.51 1054.61 1060.70 1066.10 1066.10 1069.85 1072.90 1075.9• 
430.19 1042.42 1041.51 1054.61 1060.70 1069.15 1069.15 1075.94 1078.99 1078.99 
30.19 1042.42 1045.46 1051.56 1057.66 1066.80 1069.15 1075.94 1078.99 1082.0• 

-369.81 1039.37 1045.46 1051.56 1057.66 1066.IO 1069.15 1072.90 1075.94 1082.04 
-769.81 1039.37 1042.42 1048.51 1057.66 1060.70 1063.75 1066.10 1069.85 1072. 9) 

-1169.81 1036.32 1039.37 1048.51 1057.66 1057.66 1057.66 1060.70 1063.75 1066.H 
-1569.11 1036.32 1039.37 1041.51 1054.61 1054.61 1054.61 1054.61 1054.61 1057 ·" -1969.81 1036.32 1039.37 1042.42 1054.61 1054.61 1051.56 1041.51 1051.56 1054.61 
-2369.81 1030.22 1036.32 1039.37 1045.46 1051.56 1048.51 1051.56 1045.46 1048.51 
-2769.81 1027.11 1033.27 1036.32 1039.37 1045.47 1051.56 1048.51 1045.46 1045.46 
-3169.81 1024.13 1027.18 1030.22 1036.32 1042.42 1054.61 1048.51 1045.46 1048.52 
-3569.81 1018.03 1024.13 1027 .18 1033.27 1039.37 1045.46 1045.46 1042.42 1042.42 



Air Dispersion Modeling 

••• ISCLf2 - 'VERSICll t3109 *** *** MAXDOI CDCDDIAfICll AT fl! WIPP SIT! llCUIUWlY (1'94 Met.. Dat.a) 
*** Coan• a.capt.or Grid (400m X 400m)/1000 14/m•3 Source Cane. 

ta>!LIIG OPTIOICS USED: CCIII: JWIW. !LEV FLGPOL 

*** 1!1'aX ID: COARSE ; ~ TYPE: GRIDCART *** 

* R!X:EPTOll. FLAGPOLE B!IGBTS I1C HEtDS * 

Y-COORD X-COORD (HET!IS) 
(HEfDS) -32119.53 -2889.53 -24119.53 -2089.53 -16119.53 -12119 .53 -889.53 - - - - - - ------- - -- - - - - - - - - - - - - - - - - - ------
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 l.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50. 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 l.50 1.50 1.50 1.50 
30.19 1.50 1.50 1.50 l.50 1.50 1.50 1.50 

-369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 l.50 1.50 1.50 1.50 l.50 

ADl'-121 

••• 
*** 

-489.53 

1.50 
l. 50 
l.50 
l.50 
l.50 
l.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

04/11/95 
12:44:28 
PAGE 8 

-89.53 

l.50 
l.50 
l.50 
1.50 
l.50 
l.50 
l. 50 
l.50 
l.50 
l.50 
l. 50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 



Air Dispersion Modeling 

*** ISCLT2 - VERSION 93109 *** *** MAXD11t CXJICElCtiATIClf AT T!I! WIPP SIT! llCURIWlY C1994 Met. Data) 
*** Coar•• aec~r Grid C400m X 400m)/1000 IJl/••3 Source Cone. 

-• KX>ELillG OPTIOKS USED: CXllC IDIAL !L!V FLG!OL 

*** n:twc8X ID: COAttS! : n:twc8X TYPE: GRIDCART -• 

* R!C!PTCll FLAG!OL! B!IGBTS I1f M!T!RS * 
Y-COOllD I X-COCIU> CM!T!RS) 
CHETERS> 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 

-· *** 

3110.47 

04/11195 
12:44:28 
PAGE "' ' 

3510.47 - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2030.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1630.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
1230.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
830.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
430.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
30.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-369.111 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-769.111 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

-1169.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1569.111 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-1969.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2369.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-2769.111 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3169.111 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
-3569.81 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 



Air Dlaperslon Modeling 

... ISCL'1'2 - V!llSIOll 93109 ... ... MAXDUt COIC!MlJIATIOlf AT DI! WI!'!' SIT! llOU1IDA1lY (1994 Hiit.. Dat.a) 
... Coartia Racapt.or Grid (400. X 400.)/1000 o11Sl••3 Source Cone. 

' tt:JD!LDIG OPTIOKS USED: CCllC JWRAL !LEV FLGPOL 

.0, 2980.2, 1042.4, 
2991.9, 2991.9, 1066.8, 
3239.8, .o. 1079.0, 
3254.3, -3254.3, lOU.4, 

.o. -3458.4, 1018.0, 
-3190.8, -3190.8, 1008.9, 
-3204.9, .o. 1018.0, 
-2968.7, 2961.7, 1021.1, 

*** DISCRrrE CAllT!SIAR Jl!X2P'1'CltS ... 
CX-COCllD, Y-COCllD, Z!LEV, ZFLAG) 

(H!TllS) 

1.5); 1236.5, 2985.1, 
1.5); 3233.8, 1339.5, 
1.5); 3245.8, -1344.5, 
1.5); 1430.4, -3453.2, 
1.5); -1434.7, -3463.5, 
1.5); -3199.1, -1325.1, 
1.5); -3210.9, 1330.0, 
1.5); -1232.5, 2975.4, 

1048.5, l.S); 
1066.8, l.S); 
1060.7, 1.5); 
1036.3, 1. 5); 
1005.8, l.5); 
1018.0, l.5); 
1030.2, l.5); 
llH.7, 1.5); 

*** 
*** 

04/11/9S 
12:44:28 
PAGE 10 



Air Dispersion Modeling 

*** ISCLT2 - V!RSIOR 93109 *"'* •- HAX:Dllt CXllCll?RATIOR AT TE Wil'P SITE IOURDAJlY (1994 Het.. Oat.a) 
*"'* Coa%aa a.c~r Grid (400m X 400.)/1000 '4/m-3 Source Cone. 

*** KJDELIIG OPTIORS USED: allC: JUJIAL !LEV FLGPOL 

STABILITY 
CATEGCllY 

A 
B 
c 
D 
E 
F 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

*** Aw:RAGE SPEED Ftll EACH WillD SPEED CADGCllY -• 
(HETEIS/SIC) 

1 
.70000!-01 
.100001-01 
.lOOOOE+oO 
.150001+o0 
.35000E+o0 
.55000E+oo 

1 
.OOOOOE+oO 
.00000!+00 
.OOOOOE+oO 
.OOOOOE+oO 
.10000!-0l 
.30000!-0l 

1.00, 2.25, 4.05, 6.55, 9.25, 12.50, 

*** WillD PROFILE EXIOllDTS *** 

WillD SPEED CATEGCllY 
2 

.700001-01 

.70000!-01 

.lOOOOE+oO 

.15000l+o0 

.350001+oO 

.55000l+o0 

3 
.700001-01 
.70000!-01 
.10000!+00 
.150001+DO 
.350001+00 
.55000E+o0 

4 
.700001-01 
.70000!-01 
.10000!+00 
.150001+o0 
.35000E+DO 
.550001+00 

•- VERTICAL POT!RTIAL TIMPEIArtJRE GRADIEl'l'S -• 
CD!GRE!S DLVIR PER HETER) 

WIID SPEED CATIGCllY 
2 

.OOOOOE+oO 

.OOOOOE+DO 

.00000!+00 

.OOOOOl+oO 

.100001-01 

.300001-01 

3 
.OOOOOl+DO 
.00000!+00 
.OOOOOl+oO 
.OOOOOl+oO 
.100001-01 
.300001-01 

4 
.OOOOOE+oO 
.OOOOOl+DO 
.OOOOOl+DO 
.OOOOOl+DO 
.100001-01 
.300001-01 

*"'* AVERAGE AHllIIRT AIR. T!M!'DATUltl (DI.VIS) *** 

5 
.700001-01 
.100001-01 
.lOOOOE+DO 
.15000E+OO 
.350001+00 
.550001+00 

5 
.OOOOOl+oO 
.00000!+00 
.OOOOOE+oO 
.OOOOO!+oO 
.10000!-01 
.300001-01 

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY 
CATIGCllY A CATIGCllY I CATIGCllY C CATIGCllY D CADGORY I CAD:GORY F 

211.1000 211.1000 211.1000 211.1000 211.1000 211.1000 

-· ·-

6 
.700001·01 
.70000!-01 
.100001+00 
.15000!+00 
.350001+00 
.550001+00 

6 
.OOOOOl+oO 
.OOOOOl+DO 
.OOOOOE+oO 
.OOOOOl+DO 
.100001-01 
.300001-01 

04/11/95 
12:44:28 
P.AGE U,'" 



Air Dispersion Modeling 

,... ISCL'f2 - V!ISICI 93109 ,... •-~ CXliCDliA'fICI AT TD WIPP sm IOUllDAllY (1994 Neto. Datoa) ... Coar•• llacaptoor Grid (400. X 400.)/1000 11&/••3 Source Cone. 

• ta>ELIJIG OP'fIORS USED: a11C RUBAL !LIV FLGPOL 

,... A'V!llAG! MIXI11G LAYEil B!IGIT (HE'f!RS) ... 

ADUAL 
WIID SPEED WIID SPEED WillD SPEED WillD SPEED WI11D SPEED WIID SPEED 
CAT!GCllY 1 CAT!GCllY 2 CAt'IOCll? 3 CAt'IOCll? 4 CAT!GCllY 5 CA'fEGOR.Y 6 

STABILITY CAT!GCllY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GCllY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GCllY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GCllY ! 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GCllY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 

ADll-111 

••• 
• •• 

04/11/95 
12:44:28 
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Air Dispersion Modeling 

•- ISCLT2 - VDSICB 93109 - - HAXDU1 CXICUfiATIOlf AT Tl! WIPP SIT! IOUIDARY C1tt4 Met.. Dat.a) -· 04/11/95 
- Coarae aecept.or Grid (400m X 400lll)/1000 111/••3 Source Cone. ••• 12:44:28 

PAGE 13 /' 

•- ta>!LIIG OPTIOIS US!D: alllC 1WiAL !LIV FLGPQL 

-• FREOUDCY OF OCCUDEJICE OF WIID SPEED. DillECTIOlf AID STABILin -

FILE: C:\tllDELS\MET\CBD94.S'Dl FORHAT: C7X,6F7 .5) 
SURFACE STATICB RO.: 11111 UPPER Am STATIOll RO. : 11111 

RAH!: CARI SIAD RAHE: UllDCWB 
YEAR: 1994 Y!All: 1994 

ADUAL: STABILITY CATEGICllY A 

WIID SPEED WIID SPIED WIID SPIED WIID SPIED WIID SPIED WIID SPEED 
CATEGICllY 1 CATIGCllY 2 CATmtaY 3 CATEGICllY 4 CATIOCllY 5 

CAT!GCllY ' DillECTIOR C 1.000 MIS> C 2.250 MIS) C 4.0SO MIS> C 6.5SO Mii) C 9.2SO MIS> (12.500 MIS) 
<DEGREES> ----------- ----------- ----------- ----------- ----------- -----------.000 .00017000 .00016000 .00000000 .00000000 .00000000 .00000000 

22.500 .00021000 .00051000 .00000000 .00000000 .00000000 .00000000 
45.000 .00023000 .0011sooo .00000000 .00000000 .00000000 .00000000 
67 .500 .00057000 .00115000 .00000000 .00000000 .00000000 .00000000 
90.000 .00031000 .00151000 .00000000 .00000000 .00000000 .00000000 

112.500 .00020000 .00101000 .00000000 .00000000 .00000000 .00000000 
135.000 .00021000 .00051000 .00000000 .00000000 .00000000 .00000000 
157.500 .00031000 .00151000 .00000000 .00000000 .00000000 .00000000 
180.000 .00063000 .00144000 .00000000 .00000000 .00000000 .00000000 
202.500 .00026000 .00043000 .00000000 .00000000 .00000000 .00000000 
225.000 .00026000 .00043000 .00000000 .00000000 .00000000 .00000000 
247.500 .00003000 .00014000 .00000000 .00000000 .00000000 .00000000 
270.000 .00003000 .00014000 .00000000 .00000000 .00000000 .00000000 
292.500 .00023000 .00029000 .00000000 .00000000 .00000000 .00000000 
315.000 .00023000 .00029000 .00000000 .00000000 .00000000 .00000000 
337.500 .00003000 .00014000 .00000000 .00000000 .00000000 .00000000 

ADIW.: STABILITY CATZGCaY I 

WIID SPIED WIID SPIED WIID SPIED WIID SPIED WIID SPIED WIID SPIED 
CA'l'EGORY 1 CATEGCRY 2 CATIGCRY 3 CATEGICllY 4 CAT!GCllY 5 CATEGICllY 6 

DillCTIOlf C 1.000 MIS) C 2.250 MIS) C 4.050 MIS) C 6.550 MIS> C 9.250 MIS> (12.500 MIS) 
<DEGREES> ----------- ----------- ----------- ----------- ----------- ------·· ----

.ODO .00093000 .00359000 .00244000 .00000000 .00000000 .00000000 
22.500 .00089000 .00316000 .00144000 .00000000 .00000000 .00000000 
45.000 .00120000 .00316000 .00115000 .00000000 .00000000 .00000000 
67.500 .00125000 .00374000 .00115000 .00000000 .00000000 .00000000 
90.000 .00116000 .00446000 .00302000 .00000000 .00000000 .00000000 

112.500 .00119000 .00489000 .00331000 .00000000 .00000000 .00000000 
135.000 .00178000 .00105000 .00633000 .00000000 .00000000 .00000000 
157.500 .00121000 .00690000 .00561000 .00000000 .00000000 .00000000 
180.000 .00110000 .00374000 .00374000 .00000000 .00000000 .00000000 
202.500 .00001000 .00014000 .00043000 .00000000 .00000000 .00000000 
225.000 .00002000 .00029000 .00029000 .00000000 .00000000 .00000000 
247.500 .00061000 .00072000 .00029000 .00000000 .00000000 .00000000 
270.000 .00023000 .00016000 .00043000 .00000000 .00000000 .00000000 
292.500 .00032000 .00014000 .00014000 .00000000 .00000000 .00000000 
315.000 .00054000 .00016000 .00051000 .00000000 .00000000 .00000000 
337.500 .00041000 .0011sooo .00051000 .00000000 .00000000 .00000000 



Air Dispersion Modeling 

••• ISCLT2 - V!llSIOll 93109 ... ... HAXIHll' COICEiiitATIOll AT Tll! WIPP SI?Z llOUllWlY (1'94 Met. Data) ••• 04/11/95 
... Coarse l.ec:eptor Grid (400. X 400.)/1000 14/a•3 Source Cone. • •• 12:44:28 

PAGE 14 
• ta>ELIBG 01'TIORS USED: CCBC JlUIAL EI.IV FLGPOL 

... FR!QIJEBCY OF CCCUR1lDCE OF WillD SP!ID, DDECTIOll AllD STABILITY •-

FIL!: C:\tlJDELS\HET\CID94.STJl P'ClltA.T: C 7X' 6n. !I) 
stlltFACE STATIOll RO.: 11111 UPP!ll AD STATIOll RO. : 11111 

MAHE: CARLSBAD JAHE: UBlfOWlf 
YEAR: 1994 Y!All: 1994 

ADUAL: STABILITY CAT!GCIRY c 

WillD SP!!D WillD SP!!D WillD S1'!ED WillD SP!!D WillD S1'!ED WillD SP!!D 
CAT!GCIRY 1 CAT!GCDlY 2 CAT!GCIRY 3 CAT!GCIRY 4 

CAT!GCIRY ' 
CAT!GCIRY 6 

DDl.!CTIOll C 1.000 HIS) C 2.2!10 HIS> ( 4.050 HIS) C 6.!1!10 HIS> < 9.2!10 HIS) (12.500 HIS) 
<DEGREES> ----------- ----------- ----------- ---------- ---------- -----------.000 .00044000 .00403000 .00741000 .00173000 .00000000 .00000000 

22.500 .00076000 .00259000 .00151000 .00051000 .00000000 .00000000 
45.000 .00062000 .00273000 .00117000 .00029000 .00000000 .00000000 
67.500 .00068000 .00187000 .00273000 .00051000 .00000000 .00000000 
90.000 .00071000 .00359000 .00690000 .00187000 .00029000 .00000000 

112.!100 .00079000 .00211000 .00741000 .003!19000 .00000000 .00000000 
135.000 .00035000 .00316000 .01301000 .00719000 .00000000 .00000000 
157.SOO .000!14000 .004119000 .012!11000 .00!111000 .00000000 .00000000 
1110.000 .00073000 .00230000 .00762000 .00345000 .00014000 .00000000 
202.500 .00013000 .0011!1000 .00016000 .00029000 .00014000 .00000000 
225.000 .00003000 .00029000 .00101000 .00051000 .00000000 .00000000 
247.SOO .00003000 .00029000 .00072000 .00072000 .00014000 .00029000 
270.000 .00029000 .00115000 .00244000 .00216000 .00072000 .00051000 
292.SOO .00041000 .00016000 .00101000 .00029000 .00000000 .00000000 
315.000 .00021000 .00043000 .00144000 .00029000 .00000000 .00000000 
337.500 .00017000 .001511000 .00331000° .00144000 .00000000 .00000000 

A1UIUAL: STABILITY CAT!GCIRY D 

WillD SPEED WillD SP!!D WillD SP!ID WillD S1'!ED WillD S1'!ED WillD SP!ID 
CAT!GCIRY 1 CATEGORY 2 CAT!GCIRY 3 CAT!GCIRY 4 CAT!GCIRY 5 CAT!GCIRY 6 

DIRECTION C 1.000 HIS) C 2.250 HIS) C 4.050 HIS> ( 6.!150 HIS) < 9.2!i0 HIS) (12.500 HIS) 
<DEGREES> ----------- ----------- ----------- ----------- ----------- -----------.000 .000!19000 .00417000 .01352000 .01310000 .00273000 .00043000 

22.SOO .00019000 .00187000 .00311000 .00460000 .00144000 .00014000 
45.000 .00022000 .00216000 .00532000 .00374000 .00043000 .00014000 
67.500 .00074000 .00259000 .00311000 .00374000 .00051000 .00000000 
90.000 .00077000 .00211000 .00676000 .00134000 .00129000 .00000000 

112.SOO .00051000 .00345000 .00120000 .01050000 .00129000 .00014000 
135.000 .00031000 .00374000 .01411000 .02!174000 .00316000 .00101000 
157.500 .0009!1000 .00460000 .01107000 .01308000 .00072000 .00014000 
180.000 .00089000 .00403000 .01169000 .012!11000 .00072000 .00014000 
202.500 .0001!1000 .00144000 .00661000 .00345000 .00144000 .00000000 
225.000 .00041000 .00016000 .00419000 .00417000 .00129000 .00043000 
247.500 .00029000 .00211000 .00604000 .01107000 .00604000 .00211000 
270.000 .00046000 .00144000 .00!161000 .01!196000 .01050000 .00374000 
292.500 .00016000 .00151000 .00446000 .00417000 .00173000 .00029000 
315.000 .00022000 .00216000 .00311000 .00359000 .00117000 .00029000 
337.500 .00025000 .00244000 .00791000 .01107000 .00359000 .OOO!llOOO 

ADll-1Z7 



Air Dispersion Modeling 

-• ISCLT2 - VERSICll 93109 -• *** HAXDllH WiiCDtitATICll A't TB! WIPP SIT! ICIUIDARY (1'94 Met.. Dat.a) 
*** CoarH bcept.Or Grid (400. X 400.)/1000 .,.1.-3 Source Cone. 

••• tllDELIIG OPrICllS USED: cmc RIJIAL !LIV FLGPOl. 

Dil!CTICll 
<DEGREES) 

.ODO 
22.500 
45.000 
67 .500 
90.000 

112.500 
135.000 
157 .500 
1110.000 
202.500 
225.000 
247 .500 
270.000 
292.500 
315.000 
337.500 

DIUCTIOlf 
CD!GR!!S) 

.ODO 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
1110.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

*** FIJ:OIJEllCY OF OCCUJIRllCE OF WI1D Sl'E!D, DIREC1'ICll AID SUIILITY *** 

FILE: C:\flJD!LS\M!T\CID94.SDl 
SURFACE STA'tICll IO.: 11111 

KAM!: CAPT SBAJ) 

YEAll: 1994 

FCllHAT: C7X,6F7.5) 
UPl'lll AIJl STATICll IO.: 11111 

llAHE: U1QCROWll 
YEAll: 1994 

AllnW.: ST.ABILITY CA'llGCllY E 

WillD SPIED WillD SPIED WillD ll'EID WillD Sl'EID WillD IPllD WillD SPEED 
CATIGCRY 1 CA'l!GCaY 2 CA'llGCllY 3 CArr.:GCllY 4 CATIGCRY 5 CArr.:GCllY 6 

C 1.000 HIS> C 2.250 MIS) C 4.050 Mii) C 6.550 MIS) ( 9.250 Mii) (12.500 Mii) 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00460000 

.00230000 

.00216000 

.00151000 

.00359000 

.00474000 

.00575000 

.00561000 

.00'76000 

.00417000 

.00230000 

.00419000 

.00311000 

.00403000 

.00374000 

.00302000 

.00690000 

.00117000 

.00086000 

.00115000 

.00331000 

.00'76000 

.01St5000 

.01265000 

.02'31000 

.01222000 

.00561000 

.01050000 

.01035000 

.00141000 

.00403000 

.00359000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADIW.: STABILITY CADGCllJ' P 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

Wiim SPEED WIID SPEED WIID SPEED WIID SPEED WI1D SPEED WI1D SPEED 
CATIGCRY l CAT!GCIU 2 CAT!GCIU 3 CADGCllJ' 4 CA'DDCU 5 CArr.:GCllY 6 

< 1.000 HIS) < 2.250 MIS) ( 4.050 M/8) ( 6.550 M/8) ( 9.250 M/8) (12.500 M/8) 

.00240000 

.00140000 

.000111000 

.00115000 

.00210000 

.00145000 

.00228000 

.00402000 

.00542000 

.002'6000 

.00169000 

.00261000 

.00517000 

.00307000 

.00286000 

.00203000 

.001141000 

.00446000 

.00211000 

.00187000 

.00561000 

.00474000 

.00978000 

.01725000 

.02070000 

.01006000 

.00611000 

.01179000 

.01510000 

.01050000 

.00120000 

.0051IOOO 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

Sll1 OF nr.QUllCill, nmAL • 1.00005 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

**• 
••• 

04/11/95 
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Air Dispersion Modeling 

-• ISCLT2 - V!RSIOI 93109 ... •- MAXDUt CUICDIJtAnOll A'l TB! WIPP sm IOU1'DAllY (1994 Met. Data) 
-· Coarae bcept.or Grid (400. X 400.)/1000 ,..,.-3 Source Cone. 

• tllDELIIG OPTIOIS USED: COllC llUIAL El.IV FLG1IQL 

•- TB! ADtW. AV!RAO! COllCEliliAtIOll VALUES Pal SOURCE GROUP: ALL ... 
IICLUDIIG SCJUIC!(S): 1 • 2 

·- ll!'IWCllX I1>: COAll! : ll!'IWCllX nn:: GllitlCAKT ... 

- ccac or All'l D MICllDGIUHS/H**3 •• 

Y-COORD I X-ax:BD (METERS) 
(H!T!JIS) -3289.53 -2889.53 -2489.53 -2019.53 -1619.53 -1289.53 -889.53 

- - - -- - - - - - - - ·- - - - -· - - - -- - - - - - -- - - -- - - - -- - - - - - - - - - - - - - - -
3230.19 .025309 .029370 .034007 .039541 .045990 • 053598 .060474 
2830.19 .025342 .031207 .036847 .043383 .051225 .060339 .073475 
2430.19 .026290 .031227 .041884 .050814 .061419 .068976 .083962 
2030.19 .026633 .034115 .041941 .055379 .069253 .086063 .106288 
1630.19 .026006 .034006 .045501 .058760 .082401 .108686 .141495 
1230.19 .025584 .030244 .043939 .058996 .081681 .134974 .177705 
830.19 .027653 .034442 .044013 .054726 .077850 .120838 .220703 
430.19 .029372 .034841 .045033 .056616 .074042 .102562 .169422 
30.19 .028841 .034108 .041197 .047167 .059786 .079637 .116233 

-369.81 .021860 .023331 .026747 .030984 .039307 .046090 .052848 
-769.81 .015713 .016069 .018658 .020021 .022565 .028347 .044055 

-1169.81 .011566 .011327 .012870 .016085 .019112 .024713 .032693 
-1569.81 .009368 .009982 .012051 .013101 .017031 .019900 .025052 
-1969.81 .007959 .001147 .011141 .012526 .014259 .017523 .019686 
-2369.81 .007501 .001251 .009631 .010777 .012942 .014409 .018997 
-2769.81 .006677 .007659 .008960 .009950 .010982 .012943 .018937 
-3169.81 .006250 .006808 .007899 .009210 .010042 .011915 .016961 
-3569.81 .005617 .006433 .007404 .008015 .009226 .011260 .015069 

ADll-121 

••• 
*** 

-489.53 

04/11/95 
12:U:28 
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-19.53 
- - - - - - - - - - - - -

.071816 .083075 

.089206 .111212 

.121623 .142311 

.149421 .181169 

.200215 .241739 

.243942 .342402 

.349492 .534424 

.458077 .643739 

.231634 .597884 

.090354 .223437 

.064057 .171278 

.043116 .109138 

.040242 .075960 

.034678 .056264 

.031653 .046817 

.026526 .039730 

.022409 .027908 

.019092 .023116 



Air Dispersion Modellng 

*** ISCLT2 - VDSICll 93109 _.. _.. MAXDUf CCBCEBiiATICll AT TIE WIPP SITE llCUllDAaY (1994 Met.. Dat.a > 
-· CoarH Jlecept.or Grid (40Clll X 401111)/1000 141••3 Source Cone. 

-• tllDELillG OPTIOllS USED: CmlC 1WiAL ELEV FLGPOL 

•- TIE AD1W. AVERAGE UliCEihiATIOK VALUES Fell SQUIC! GllCUP: ALL *** 
IICLUDDIG SOURC!(S): l , 2 

·- RE'rWOlll: m: COAJtSE 

** COllC OF 1tBY Ia MICJIOGHMS/M**3 ** 

Y-COOR.D X-c:acmD CM!TlllS) 
(H!TDS) 310.47 710.47 1110.47 1510.47 1910.47 2310.47 2710.47 ------ -- - - - - - - - - - - --- -- - -- -- - ------ -- - - -
3230.19 .077261 .064355 .049146 .037155 .031317 .026151 .021708 
2830.19 .095405 .071824 .051125 .040725 .033299 .026975 .021727 
2430.19 .118523 .083341 .055702 .044348 .034780 .027087 .026210 
2030.19 .144346 .091095 .062191 .047381 .035171 .033719 .034069 
1630.19 .179413 .097525 .069560 .04134' .045845 .045784 .043715 
1230.19 .222797 .115198 .072388 .067294 .065192 .060974 .055175 

830.19 .252675 .124100 .112017 .105086 .091765 .077615 .065996 
430.19 .182687 .237016 .194478 .146926 .114286 .091724 .075518 
30.19 .570141 .357090 .254729 .177784 .132142 .103020 .083166 

-369.81 .154104 .193314 .172555 .136565 .108502 .018109 .073092 
-769.81 .137539 .110228 .120554 .097992 .0799'1 .069615 .060500 

-1169.81 .099309 .077841 .088212 .076862 .066121 .056616 .048645 
-1569.81 .080222 .061881 .069491 .060205 .054101 .041207 .042707 
-1969.81 .065439 .052760 .048770 .049774 .044341 .040633 .037105 
-2369.81 .046509 .042995 .037362 .039642 .037851 .034434 .032060 
-2769.81 .037030 .035359 .030020 .02974' .031349 .030144 .027797 
-3169.81 .030154 .027556 .024372 .024200 .025811 .026412 .024758 
-3569.111 .023409 .023274 .021132 .020015 .021492 .022598 .021477 

*** 
*** 

3110.47 
- - - - -

.017956 

.021140 

.026610 

.033195 

.040931 

.0494~2 

.056783 

.063502 

.061964 

.061783 

.052813 

.043606 

.037936 

.033699 

.028771 

.025348 

.022418 

.019419 

04/1119,,, > 

12:44:: 
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3510.4' 
-----·· 

.01754:, 

.021529 

.026237' 

.031707 

.037933 

.04402~ 

.049504 

.054471 

.058537 

.053200 

.046533 

.039519 

.033809 

.030563 

.027441 

.023823 

.021879 

.0111274 



Air Dispersion Modeling 

- ISCLT2 - VERSICll 93109 - - MAXD11t c:mcmmtA?ICll AT TIE NIPP SIT! IOUIDA1l! (1994 Met.. Dat.a) 
- Coarae Receptor Grid (400. X 400.)/1000 11a1a·3 SOlarc• Cone. 

· • ta>ELIBG OPTICllS USED: CCllC amw. !LIV Fl.Gl'OL 

VALUES FOR SOURCE GROUP: ALL ... 
• 2 

•• 
X-COORD CH) Y-COORD CH) X-axllD (H) Y-COORD CH) 

.oo 2910.24 .099463 1236.45 2915.05 .044405 
2991. 88 2991.88 .011197 3233.75 1339.46 .045830 
3239.75 .oo .065490 3245.78 -1344.45 .0386-71 
3254.34 -3254.34 .020453 1430.39 -3453.24 .022132 

.00 -3451.37 .026505 -1434.65 -3463.51 .001006 
-3190.77 -3190.77 .006341 -3199.06 -1325.09 .009193 
-3204.94 .oo .020012 -3210.15 1329.98 .026099 
-2968.68 2968.68 .030146 -1232.47 2975.44 .076790 

... ... 04/11/95 
12:44:28 
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Air Dispersion Modeling 

*** ISCLT2 - VERSIClll 93109 *** *** MAXDUf CDICIJIDATICllf AT TllE WIPP sm IOllJIDAaY (1994 Met.. Oat.a) 
*** Coarae aecept.Or Grid (400. X 400.)/1000 11&1••3 Sol&rce Cclac. 

*** K>DELillG OPTIORS USED: CCllC JllllW. ELJ:V FLGPOL 

*** TllE HAXDllt 10 A111UAL AVERAGE CORCDtRATIOll VALUES Fm caouP: ALL *** 
IICLUDillG SOUIC!(S): 1 , 2 

Ill MICllCGIWll/H**3 •• 
COIC UCl1'Tta (Ill, YR> OF TYi'! CCllC 1lECEPTOll (Ill, YIU OF TYPE 

- - - - - - - - - - - - - -- - - - - - - - -- - - - - - - --- - -- - -- - - - - - - --- - - - - - - - - -
1. .643739 AT ( -19.53, 
2. .597814 AT ( -19.53, 
3. .570141 AT ( 310.47, 
4. .534424 AT ( -19.53, 
5. .451077 AT ( •419.53, 

*** llEC!1'Tml TYPES: GC • mlillCAllT 
GP • Gllllll'OLll 
DC • DISCCAllT 
DP • DISCPOl.Jl 
BD • IOUllDARY 

430.19) GC 6. 
30.19) GC 7. 
30.19) GC I. 

130.19) GC 9. 
430.19) GC 10. 

.357090 AT ( 710.47, 30.19) GC 

.349492 AT C -419.53, 130.19) GC 

.342402 AT C -19.53, 1230.19) GC 

.254729 AT C 1110.47, 30.19) GC 

.252675 AT C 310.47, 130".19) GC 

04111/95 
12:44:21 
PAGE 1\1-'" 



Air Dispersion Modeling 

*** ISCLTZ - V!RSICllf 93109 ••• *** HAXDllf CXMCDDATICllf AT ti! WIPP SIT! IOUHDARY < 1994 Het.. Dat.a > 
... CoarH bcaptor Grid (400. I 400.)/1000 .va/a-3 Source Cone. 

• tlJD!LIIG OPTIOKS USED: CC11C JlURAL ELEV FLG!OL 

••• HeHaa• Simaary For ISCZ Hadal !zacut.ion *** 

--------- Swmaary of Tot.al He••aa•• --------

A Tot.al of 
A Tot.al of 
A Tot.al of 

o Fat.al Error Ma••aa•<•> 
o Warnina Ma••aa•<•> 
O Informat.ional Maaaaa•<•> 

•••••••• FATAL EllRCll MESSAGES -
••• HORE ••• 

***••••• WARllIBG MESSAGES •••••••• 
••• HORE *** 

........................................ 
••• ISCLTZ Finiabaa Succaasfully *** ....................................... 

-· . .. 04/11/95 
12:44:28 
PAGE 20 



Air Dispersion Modeling 

ISCLT2 - CDA%!D 93109) 

IIH-PC VERSIOR 2.13 ISCLT2 
CC) COPnlIGBT 1992, TIUIITY CCICSULTAllTS. Ill:. 
SERIAL llMllll 9711 SOLD TO WESTillGBOUS! !L!CTRIC cm!' 

Run le1an on 4/11/1995 at 14:45:47 

CO STARTIRG 
CO TITLEORE IMZDUI cxmcmnurim AT DI VIPP BID .,.,.U Clffl llllt.. DU.a) 

CO TITL!'l'WO ....u.- bo.ptar Grid CZS 5Clll>ll000 11&1a•3 llaanl• C-. <mabd nil.> 
CO ta>!LOPT C011C 1U11W. 
CO AV!RTIH! ADUAL 
co fOLLUTIJ)·MfY 
CO TllllllGTS ELEV 
CO ELIWKIT F!!T 
CO FLAGPQL! 1.500000 
co lWRCU01' JlU1' 
CO FIIISB!D 
SO STAllTI1'G 
SO LCCATIOK 1 l'OIIT 0.00 0.00 1039.37 
SO SRCPAKAH 1 0.100000 1.20 211.10 4.6591 4.400 
SO LCCATIOR 2 l'OIIT 0.00 7.20 1039.37 
SO SRCPAllAH 2 0.100000 1.20 211.10 4.6591 4.400 

0.00 
o.oo 

SO BUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO BUILDllFr 1 0,00 3.10 0.00 10.40 0.00 
SO BUILDllGT 1 0.00 6.10 6.10 6.10 
SO BUILDNID 1 2.35 0.00 0.00 0.00 o.oo 

o.oo 
o.oo 
0.00 SO IUILDWID 1 0.00 1.35 0.00 2.13 

SO IUILDNID 1 0.00 I.II 9.15 13.20 
SO BUILDllGT 2 3.50 0.00 0.00 0.00 0.00 

o.oo 
0.00 
0.00 SO BUILDBGT 2 0.00 3.10 0.00 10.40 

SO BUILDllGT 2 0.00 6.10 6.10 6.10 
SO BUILDWID 2 1.09 0.00 0.00 0.00 0.00 

0.00 
0.00 
0.00 SO BUILDWID 2 0.00 1.35 0.00 2.13 

SO BUILDWID 2 0.00 I.II 9.15 13.20 
SO !HISUIIT 1000000.000000 GRAHS/SIC HICRCGRAHSIH*-3 
SO SRCGROUP ALL 
SO FIIISB!D 
II!: STAllTIJJG 
RE GRIDCAJlT MEDIUH 
RE GRIDCAJlT MEDIUH 
RE GRIDCAllT MEDIUH 
RE GRIDCAJlT MEDIUH 
RE GRIDCAJlT MEDIUH 
RE GRIDCAJlT HEDIUH 
RE GRIDCAJlT H!DIUH 
RE GRIDCART H!D:rtlt 
RE GRIDCART HEDillf 
RE GRIDCART H!DIUH 
RE GRIDCAllT H!D:rtlt 
RE GRIDCAJlT H!DIUH 
RE GRIDCAJlT H!Dill! 
RE GRIDCART HEDill! 
RE GRIDCAllT HEDiwt 
RE GRIDCART H!D:rtlt 
RE GRIDCART H!DI11f 
RE GRIDCAJlT H!D:rtlt 
RE GRIDCAllT H!Dill! 
RE GRIDCAllT MEDill! 
RE GllIDCAllT MED:rtlt 
RE GRIDCAllT MED:rtlt 
RE GRIDCAllT MEDill! 
RE GllIDCAllT MEDill! 
RE GllIDCAllT MEDillt 
RE Gl.IDC~ MED:rtlt 
RE GRIDCART M!Dillf 
RE GRIDCQT MEDillt 
RE GllIDCAllT MEDillt 
RE Gl.IDCQT MEDillt 

STA 
XYIIC -791.97 34 50.00 2976.94 5 25.00 
!L!V 1 3400.00 3400.00 3400.00 3400.00 
ELEV 1 3400.00 3400.00 3410.01 3410.01 
!L!V 1 3410.01 3420.01 3420.01 3420.01 
!L!V 1 3420.01 3420.01 3420.01 3420.01 
!L!V 1 3420.01 3420.01 3420.01 3429.99 
ELEV 1 3429.99 3429.99 3429.99 3429.99 
ELEV 1 3439.99 3439.99 3439.99 3450.00 
!L!V 1 3450.00 3450.00 3450.00 3450.00 
!L!V 1 3450.00 3450.00 
!L!V 2 3400.00 3400.00 
!L!V 2 3400.00 3400.00 
!L!V 2 3410.01 3420.01 
ELEV 2 3420.01 3420.01 
!L!V 2 3420.01 3420.01 
!L!V 2 3429.99 3429.99 
!L!V 2 3439.99 3439.99 
!L!V 2 3450.00 3450.00 
!L!V 2 3450.00 3450.00 
!LIV 3 3400.00 3400.00 
!LIV 3 3400.00 3400.00 
!LIV 3 3410.01 3420.01 
!LIV 3 3420.01 3420.01 
!LIV 3 3420.01 3420.01 
!LIV 3 3429.99 3429.99 
!LIV 3 3439.99 3439.99 
!LIV 3 3450.00 3450.00 
!LIV 3 3450.00 3450.00 

3400.00 
3410.01 
3420.01 
3420.01 
3420.01 
3429.99 
3439.99 
3450.00 

3400.00 
3410.01 
3420.01 
3420.01 
3420.01 
3429.99 
3439.99 
3450.00 

3400.00 
3410.01 
3420.01 
3420.01 
3429.99 
3429.99 
3450.00 
3450.00 

3400.00 
3410.01 
3420.01 
3420.01 
3429.99 
3429.99 
3450.00 
3450.00 

!LIV 4 3400.00 3400.00 3400.00 3400.00 



Air Dispersion Modeling 

•! GllIDCART MEDIUH ELEV 4 3400.00 3400.00 3410.01 3410.01 
GJlIDCAIT H!DIUH ELEV 4 3410.01 3420.01 3420.01 3420.01 
GRil>CAll H!DIUH ELEV 4 3420.01 3420.01 3420.01 3420.01 
GIWICAllT H!DIUH ELEV 4 3420.01 3420.01 3420.01 3429.99 

'!! GRIDCAJlT H!DIUH ELEV 4 3429.99 3429.99 3429.99 3429.99 
I! GRIDCAllT H!DIUH ELEV 4 3439.99 3439.99 3439.99 3450.00 
I! GRIDCAJlT H!DIUH ELEV 4 3450.00 3450.00 3450.00 3450.00 
RE GRIDCART MEDIUH ELEV 4 3450.00 3450.00 
RE GRIDCART H!DIUH ELEV 5 3400.00 3400.00 3400.00 3400.00 
RE GlUDCAllT H!DIUH ELEV .5 3400.00 3400.00 3410.01 3410.01 
RE GJlIDCAIT H!DIUH ELEV 5 3410.01 3420.01 3420.01 3420.01 
RE GRIDCART H!DIUH ELEV 5 3420.01 3420.01 3420.01 3420.01 
RE GlUDCAllT H!DIUH ELEV 5 3420.01 3420.01 3420.01 3429.99 
RE GRIDCART H!DIUH ELEV 5 3429.99 3429.99 3429.99 3429.99 
RE GRIDCART H!DIUH ELEV 5 3439.99 3439.99 3439.99 3450.00 
RE GRIDCART H!DIUH ELEV 5 3450.00 3450.00 3450.00 3450.00 
RE GRIDCAllT H!DIUH ELEV 5 34.50.00 34.50.00 
I! GRIDCART H!DIUM FLAG 1 1 • .50 1.50 1.50 1 • .50 
RE GRIDCART H!Ditlt FLAG 1 1 • .50 1 • .50 1.50 1 • .50 
RE GRIDCART HEDIUH FLAG 1 1.50 1 • .50 1 • .50 1 • .50 
RE GRIDCART H!DIUH FLAG 1 1 • .50 1 • .50 1 • .50 1 • .50 
RE GRIDCART H!Ditlt FLAG 1 1 • .50 1 • .50 1 • .50 1.50 
RE GRIDCART HEDIUH FLAG 1 1.50 1 • .50 1 • .50 1.50 
RE GlUDCAllT H!DIUH FLAG 1 1 • .50 1 • .50 1 • .50 1.50 
RE GRIDCART H!DIUH FLAG 1 1 • .50 1 . .50 1.50 1.50 
RE GJlIDCAIT HEDIUH FLAG 1 1 • .50 1.50 
RE GRIDCART MEDIUH FLAG 2 1 • .50 1 • .50 1.50 1.50 
RE GRIDCART HEDIUH FLAG 2 1 • .50 1 • .50 1.50 1.50 
RE GRIDCART MEDIUH FLAG 2 1 • .50 1 • .50 1.50 1.50 
RE GRIDCART MEDIUH FLAG 2 1.50 1 • .50 1.50 1 • .50 
RE GRIDCART MEDIUH FLAG 2 1 • .50 1 • .50 1 • .50 1 • .50 
RE GRIDCAJlT MEDIUH FLAG 2 1 • .50 1 • .50 1 • .50 1 • .50 
RE GIUDCART MEDIUH FLAG 2 1 . .50 1.50 1.50 1.50 
RE GlUDCAJlT MEDIUH FLAG 2 1.50 1 • .50 1.50 1.50 
RE GlUDCAllT MEDitlt FLAG 2 1 • .50 1..50 

GRIDCAJlT HEDitlt FLAG 3 1 • .50 1 . .50 1 • .50 1.50 
GIUDCAJlT HEDitlt FLAG 3 1.50 1.50 1.50 1.50 
GIUDCAJlT HEDIUH FLAG 3 1.50 1.50 1.50 1.50 

.<!: GRIDCAJlt MEDitlt FLAG 3 1.50 1.50 1.50 1 • .50 
RE GIUDCAJlT MEDitlt FLAG 3 1 • .50 1.50 1 • .50 1 • .50 
RE GIUDCART MEDitlt FLAG 3 1.50 1.50 1.50 1.50 
RE GIUDCART MEDIUH FLAG 3 1.50 1.50 1..50 1 • .50 
RE GIUDCART MEDitlt FLAG 3 1 . .50 1 . .50 1.50 1.50 
RE GIUDCAJlT MEDIUH FLAG 3 1 • .50 1.50 
RE GIUDCART MEDill1 FLAG 4 1.50 1.50 1.50 1.50 
RE GIUDCAJlT MEDill1 FLAG 4 1.50 1 • .50 1.50 1.50 
RE GIUDCAJlT MEDIUH FLAG 4 1.50 1.50 1.50 1.50 
RE GIUDCART HEDill1 FLAG 4 1.50 1.50 1.50 1.50 
RE GIUDCART HEDill1 FLAG 4 1 • .50 1.50 1.50 1.50 
RE GIUDCART HEDIUH FLAG 4 1 • .50 1.50 1.50 1.50 
RE GIUDCART HEDIUH FLAG 4 1.50 1.50 1 • .50 1 . .50 
RE GIUDCART MEDill1 FLAG 4 1.50 1.50 1.50 1.50 
RE GIUDCART MEDill1 FLAG 4 1 • .50 1.50 
RE GIUDCAJlT HEDill1 FLAG .5 1.50 1.50 1.50 1 . .50 
RE GIUDCART HEDIUH FLAG 5 1 • .50 1.50 1.50 1.50 
RE GIUDCART HEDill1 FLAG .5 1 • .50 1.50 1.50 1.50 
RE GIUDCART HEDill1 FLAG 5 1.50 1.50 1.50 1 . .50 
RE GIUDCART HEDill1 FLAG .5 1.50 1.50 1.50 1.50 
RE GIUDCAJlT HEDill1 FLAG .5 1.50 1.50 1.50 1.50 
RE GIUDCAllT HEDill1 FLAG 5 1.50 1.50 1 . .50 1.50 
IE GRIDCART HEDIUH FLAG 5 1.50 1 • .50 1.50 1.50 
IE GIUDCAllT HEDill1 FLAG 5 1.50 1.50 
RE GllIDCAJlT HEDIUH DD 
RE FIIUSDI> 
HE STARTillG 
M! IllPUTFIL C:\KX>!LS\H!T\CID91.SD C7X,6F7 • .5) 
H! AJmllGllT 10.000 MZTDS 
M! SUllFl>ATA 11111 1991 CAJISJlAD 
114! UAIJIJ>ATA 11111 1991 

STAIDATA AllllW. 
AVISP!!D 1.00 2.2.5 4.0.5 6 • .5.5 9.2.5 12.50 

ADll-131 



Air Dispersion Mod6H!!_!J==----------------------

HE AVETIHPS AlftlU.AL 218. 80 288. 80 26C. 80 ~ f; ~-. ;,n 288. 8(' 288. 80 
HE AVIHIXBT AllRU.AL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIHIXBT A11RU.AL I 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIHIXBT AllRU.AL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIHIXBT A111UAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIHIXBT AllRU.AL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVIHIXBT ARMUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE DTllETADZ A 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTllETADZ I 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTllETADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTllETADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTllETADZ E 0.01 0.01 0.01 0.01 0.01 0.01 
HE DTllETADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
ME FlllISBED 
DU STARTIIG 
DU Jl!CTAILE SllCGRP 
DU HAXTAILE 10 SllCGRP 
OU l'LOT!'ILE ARMUAL ALL C:\tllDELS\mw?AOtG.G!'ll 70 
OU FIRISBED 

...................................... 
*** SETUP Fini•h•• Succ•••fully *** ..................................... 



Air Dispersion MOdellng 

-• ISCLT2 - 'V!ISIOI 93109 - - MAIDUf CXiCElllArIOI AT THE WI1P SITE llOU1IJWlY (1991 Het. Data) 
- Medi• a.ceptor Gdd (251' 511111)/lDDD 11&1••3 Source Conc:.(angled rel.) 

• ta>!LIIG OPTIOIS USID: COIC IDIAL !LEV FLGl'CL 

ta>!L SETUP OPTIOIS StHWlY 

•*Hodal I• Setup For Calcul.ati1111 of Averaa• CC1Centrati1111 Valuaa. 

**Hodel U••• IDIAL Diaparai1111. 

**Hodel U••• Uaar-Spacifiad Option•: 
1. Final P1- lliaa. 
2. Stack-tip Downwaah. 
3. Buoyancy-induced Diaparaioa. 
4. Default Wind Profile lzpon8Dta. 
5. Uaar-Spacifiad Vertical Potential T.aparatura Gradient•. 

*'*Hodel Accapta a.captor• 1111 !LEV Terrain. 

**Hodel Accept• FLAGPOLE Receptor Baiahta. 

**Hodel Calculate• 1 STAR Avaraa•<•> for tba FollawiD& Hontba: 
Saaaona/Quartara: 

and Amaual: 

-Data Fila IncludH 1 ST.All S--.riea for tba Foll-in& Montba: 

**Thia Run Includaa: 2 Source<•>; 

S.aaona/Quartara: 
and AmNal: 

1 Source Group(•); and 

**Th• Hodel Aaa\Daa A Pcllutat bpa of: d'l 

dal Sat To Continua IWRniDa After tba Setup TaatiD&. 

~tput Option• Selected: 

DDDDDDDDDOOO 
0 0 0 0 
1 

0 0 0 0 0 0 0 0 0 0 0 0 
D 0 D 0 
1 

170 Racaptor(a) 

Hodel Output• TablH of Lema Tam Value• bf Receptor (l!CTAIL! ~rd) 
Hodel Output• TablH of Maz1- Lema Tam ValuH CMAXTAILE Kayword) 
Hodel Outputs E.zt.amal Fil•<•> of Lona Tam Valu•• for Plottina (PLOrFIJ.I ~rd) 

•*Hiac. Inputs: An-. Bat. (•) • 10. DO ; Dacmy Coaf. • .0000 Rot. Anala - .o 
EmiHiOD Unit• - GRAMS/SIC Emiaai1111 Rate Unit Factor • 
Output Unit• • HICICGRNtS/H-*3 

-· ••• 

.1000DE+o7 

**Input llunatra.m Fila: C:\ttlD!LS\J9tVl'Aotli.DAT **Olatput Print Fila: C:\KlD!LS\llHVPAOtG.LST 

ADll-137 

04/11/95 
14:45:49 
PAGE 1 



Air Dispersion Modeling 

*** ISCLT2 - VDSIOll 93109 *** *** MAXDDI COIC!ihRATIOlf AT Tl! WIPP SUI IOUllDA1lY (1991 Met.. Dat.a) 
***Medium Reaept.or Grid C25X SOll)/1000 ,,.1.·3 Soarae Cane.Canaled rel.) 

••• 
••• 

04/ll/95 
14:45:49 
PAGE '2' 

*** HOD!LIIG OPTIOIS USED: CORC llURAL !LEV FLGP0L 

*** l'OIIT SOUllC! DATA *** 

1'UHIEll !MISSION RATE MS! STACl STACl STACE STACX BUILDDIG !MISSION RAT! 
SOURCE PAJlT. CUSD UKITS) x y !LEV. ll!IGBT DMP. IXI'f 'VEL. DIAHETER EXISTS SCALAlt VARY 

ID CATS. CHETDS> CHET!RS> CHETDS> (M!t!llS) (DIG.~) CH/SIC) <METERS> BY - - - - - - - - - - --- - -- -- - - - - - - - - - - -- - - - - - - - - - - -
1 0 .lOOOO!+oO .o .0 1039.4 1.20 211.10 4.66 4.40 Y!S 
2 0 .lOOOOE+OO .o 7.2 1039.4 1.20 211.10 4.66 4.40 Y!S 



Air Dispersion Modeling 

-• ISCLTZ - V!ISIClf 93109 ._ ._ MAXDUt UMCEllkATIOlf AT t1I! WIPP SIT! llOUIDARY (1991 Hiit.. Dat.a) •
._ Medi1m1 aecept.or Grid CZ51 50m)/1000 ,ia/m-3 Source Conc.(angled rel.) ••• 

fl:ID!LIIG OPTICIS USED: allC JtUJW. !LEV FLGPOL 

._ SOURCE IDa DEFIRIIG SOURCE GROUPS -• 

GROUP ID SOURCE IDa 

ALL 1 . z 

04/11/95 
14:45:49 
PAGE 3 



Air Dispersion Modeling 

... ISCLt2 - VEISIOll 93109 ... ••• MAXD«M a.::DIJIATIOll AT TD WIPP SID ICUllDARY < 1991 Met.. Oat.a> ••• 04/11/95 
... HecliWll llacept.or Grid (25X 5Clm)/1000 ..a/••3 liolarc• Collc.<azaal•d ral.> ••• 14:45:49 

PAGE •"' 
... tlJDELIBG Ol'TIOIS US!D: COIC JWlW. !LEV FLG1'CL 

-• DDllCTIOll SP!Cil'IC lunJ>IBG DIMEISIOllS -• 

SOURCE ID: 1 
IFV IB BW ~ IFV IB IW ~ IFV IB IW ~ IFV IB BW WAX 

l 10.4, 2.3, 0 2 .0, .0, 0 3 .o, .o, 0 4 .0, .o, 0 
5 .o, .o, 0 6 .o, .o, 0 7 .o, .o, 0 8 3.8, 1.3, 0 
9 .o, .o, 0 10 10.4, 2.8, 0 11 .o, .o, 0 12 .0, .o, 0 

13 . o, .o . 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.1, 13.2, 0 

SOURCE ID: 2 
IFV IB IW ~ IFV IB IW ~ IFV II IW ~ IFV IB IW WAX 

1 3.5, 1.1, 0 2 .o, .o, 0 3 .o, .o, 0 4 .o, .0, 0 
5 .o, .o, 0 6 .o, .o, 0 7 .o, .o, 0 8 3.8, 1.3, 0 
9 .o. .0, 0 10 10.4, 2.8, 0 11 • 0, .o, 0 12 .0, .o . 0 

13 .o, .o, 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.1, 13.2, 0 



Air Dispersion Modeling 

••• ISCLT2 - VERSIOB 93109 *** - HAXDllf CORC!ltRATIOB AT TBE WIPP SITE IOUllDAll? <1991 Het. Data> *** 
*** Heditm1 aeceptor Grid C~ 50.)/1000 ,,,.1.·3 Source Conc.<uialed rel.>••• 

ta>ELIIG OPTIORS USED: cmc lWIW. ELEV FLGPOL 

-792.0, 
-292.0, 
208.0, 
708.0, 

2976.9, 

-742.0, 
-242.0, 
258.0, 
758.0, 

3001.9, 

-692.0, 
-192;0, 
308.0, 
808.0, 

3026.9, 

*** GRIDDED l!C!P1'0R llEnalE ~y *** 

••• X·COCllDIRAT!S at GRID *** 
CHETERS> 

-642.0, 
-142.0, 
358.0, 
858.0, 

-592.0, -542.0, 
-92.0, -42.0, 
408.0, 458.0, 

- Y-COCJRDillAT!S at GRID *** 
(METERS) 

3051.9, 3076.9, 

ADll-141 

-492.0, 
8.0, 

508.0, 

-442.0, 
58.0, 

558.0, 

-392.0, 
108.0, 
608.0, 

-342.0, 
158.0, 
658.0, 

04/11/95 
14:45:49 
PAGE S 



Air Dispersion Modeling 

... ISCLT2 - V!ISIOH 93109 •- ... MAXDllM CU«!DiiATIOS A'! TB! WIPP SIT! 1IOUIDARY (1991 Het. Data) 
•- Hedi11111 Reoept.or Grid CZ5X 5Clll)/1000 ,..,.-3 Souroe Cone.Canaled rel.) 

••• tl>DELIJCG OPTIORS tJS!D: CORC RURAL ELEV FLGl'OL 

•- ll!TWCltX ID: H!Ditlt ; IEtWCIUC TIP!: GllIDCAllT ••• 

• EL!VATIClf ll!IGllTS Ill HET!RS * 
Y-COORD X-CCCIU> CM!T!llS) 
CHE'l'!RS) -791.97 -741.97 -691.97 -641.97 -591.97 -541.97 -491.97 - - - - - - - - - --- - - - - - - - - - - - ------ -------- - - - - -
3076.94 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1039.37 
3051.94 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1039.37 
3026.94 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1039.37 
3001.94 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1039.37 
2976.94 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1039.37 

-441.97 
- - - - -

1039.37 
1039.37 
1039.37 
1039.37 
1039.37 

04111195 
14:45:49 
PAGE 

-391.97 

1039.37 
1039.37 
1039.37 
1039.37 
1039.37 



. 
Air Dispersion Modeling 

*** ISCLT2 - V!ISICI 93109 *** *** MAXDUt CX&EiiliATICI AT TIE WIPP SITI IOIJlllWlY (1991 Het.. Dat.a) 
•- HecU.m hcept.or Grid (251 5111111)/1000 14/w!3 Source Cone. ( anal•d rel. > 

'* tlJDELllG OPTIORS USED: CXllC IUIAL !LEV FLGPOL 

*** ~ m: MEDillf ; IE1'WClll: TYPE: GIUDCAIT •-

* ELEVATIOI BEIGll'fS II HETEIS * 

Y-COCIU> I 
(H!TDS) -341.97 -291.97 -241.97 

X-CCCllD CHETEIS) 
-191.97 -141.97 -91.97 -41. 97 

••• 
••• 

------
3076.94 
3051.94 
3026.94 
3001.94 
2976.94 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

8.03 

1042.42 
1042.42 
1042.42 
1042.42 
1042.42 

04/11/95 
14:45:49 
PAGE 7 

58.03 ------
1042.42 
1042.42 
1042.42 
1042.42 
1042.42 



Air Dispersion Modeling 

... ISCLt2 - VERSICll 93109 ... ... MAXDllt CXllCllDIA?ICll At tm: WIPP SITZ IOU1mARY <1'91 Met. Data) •
... Hacli- Beceptor Grid C25X 51111)/1000 ..a/•"3 Soun• c-c:. <analad rel.> ••• 

••• KXJELIIG OPTICllS US!D: COIC llUIAL !LIV 11.Gl'OL 

... 1l!:!WCRl ID: M!Dlu. ; IEn«:IRE TrPE: GIUDCAKT ... 

• !LIVATICIW B!IGll?S Ill MEtDS • 

Y-COORD X-CXXllD CME?DS> 
CHE?!RS) 108.03 151.03 208.03 251.03 308.03 358.03 408.03 458.03 

04/11195 
14:45:49 
PAGE ,,, ,, 

508.03 - - - - - - --- - - - - -- - - - - - - -- - -- - - - - - ------ - - - - -
3076.94 1042.42 1045.46 1045.46 1045.46 1045.46 1045.46 1048.51 1048.51 1041.51 
3051.94 1042.42 1045.46 1045.46 1045.46 1045.46 1045.46 1041.51 1048.51 1048.!ll 
3026.94 1042.42 1045.46 1045.46 1045.46 1045.46 1045.46 1048.51 1048.51 1041.51 
3001.94 1042.42 1045.46 1045.46 1045.46 1045.46 1045.46 1048.51 1048.51 1048.!ll 
2976.94 1042.42 1045.46 1045.46 1045.46 1045.46 1045.46 1048.51 1048.51 1048.!U 

.,.144 



Air Dispersion Modeling 

.• ISCLT2 - VEISIOll 93109 *** •** HAXnut CXICCD!IATIOR &T l'll! WirP SIT! IOOllWlY (1991 Hiit.. Dat.al 
*** Hedi1m1 llecept.ar Grid (2!DC 511111)/1000 11&/••3 Source Coac.<analed rel.> 

·• ta>ELIRG OPTIORS USED: CORC RURAL !L!V FLGPOL 

* !L!V&TIOR B!IGBTS Ill H!TIRS • 

Y-COORD I 
(H!l'ERS) 5!18.03 608.03 658.03 

I-cam> CH!TERS> 
708.03 758.03 808.03 858.03 

••• 
••• 

04/11/95 
14:45:0 
PAGE 9 

- - - - - - - - - - - - - - - - - - - --- - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3076.94 1051.56 1051.56 1051.56 1051.56 1051.56 10!11.56 1051.!16 
3051.94 10!11.56 10!11.56 1051.56 1051.56 10!11.56 1051.56 1051.56 
3026.94 1051.56 1051.56 1051.56 1051.56 1051.56 1051.56 1051. 56 
3001.94 1051.56 1051.56 1051.56 1051.56 1051.56 1051.56 1051.56 
2976.94 1051.56 1051.56 1051.56 1051.56 1051.56 1051.56 1051.56 



Ah'.'t»lsperslon MOdellng 

-• ISCLTZ - V!RSICll 93109 •- ._ MAXDm CX&DlllATICll AT Tll! NIPP SIT! IOUIUWlY <19'1 Met.. Dat.a) _. 
._Hedi- -.Oept.or Grid (25X 50.)/1000 1111a•3 Source Canc.<analed ral.) -• 

*- ta>!LI1'G OPTICllS USED: CCllC JlUIW. ELEV FLG1'0L 

-- n:'rWCllJC m: HEDilM : 11EnaJC TYl'!: GRIDCART ••• 

• B!C!P!all 1UG!OLE ll!ICllTS D HET!RS • 

Y-COCIRD I 
(HETEllS) 

x-c:acm> <HETDS> 
-791.97 -741.97 -691.97 -641.97 -591.97 -541.97 -491.97 
- - - - -- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -

3076.94 
3051.94 
3026.94 
3001.94 
2976.94 

1.50 
1.50 
1.50 
1.50 
1.50 

1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 
1.50 1.50 

1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 
1.50 1.50 1.50 1.50 

-441.97 
-------

1.50 
1.50 
1.50 
1.50 
1.50 

04/11/tS 
14:45:49 
PAGE 10 

-391.97 
------

1.50 
1.50 
1.50 
1.50 
1.50 



Air Dispersion Modeling 

. ._ ISCLT2 - VERSION 93109 *** - MAXD111 QJICDlJIATIOR AT TB! WIPP SITE IOURIWlY (1991 Met. Dat.a) *** 
- Medi• leceptor Grid (251 .5111111)/1000 4/••3 Sow:c• Cone. Can&l•d rel.> *** 

' tal!LIIG OPTIORS USED: allC JUDW. EI.IV FLGPOL 

- n:nGE m: M!DI11t : n:nGE TYPE: GRIDCAJlT *** 

* llC!P!Cll FLAGl'OLE B!IGBTS D METERS * 

Y-COORD I 
<METERS> -341.97 -291.97 -241.97 

X-CXXllD <METERS> 
-191.97 -141.97 -91.97 -41.97 8.03 

04/11/95 
14 :4.5:49 
PAGE 11 

.58.03 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

3076.94 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1..50 1 . .50 
30.51.94 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 . .50 
3026.94 1 • .50 1.50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 . .50 
3001.94 1 . .50 1.50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1 . .50 
2976.94 1..50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 . .50 1 . .50 

ADll-147 



Air Dlaperalon Modeling 

••• ISCLTZ - V!RSIOR 93109 ... ... HAXDllt CICB2HlltATIClll AT TD Nil'P SIT! IOUIDARY (1991 Het. Dat.a) ... 
... Hedim bc:9)1tar Grid C25X 50.)/1000 ,..,.-3 Sourc:e Cane.Canaled rel.> ... 

••• ta>!LillG OPTIOKS USED: C01C JWJlAL !LIV FLGPQL 

... Jl!naE I1>: M!Dlllf : l!TWCllE TYPE: GlUDCAllT ... 

* UC!naR FLAG1'0L! B!IGBTS 11' METERS * 

Y-COORD I 
(Htn:IS) 108.03 158.03 208.03 

X-cxxm> <METERS> 
258.03 308.03 358.03 408.03 458.03 

04/11/95 
14 :45:49~,, ,., 
1N2 1: 

508.0J - -- - - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -
3076.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.5Cl 
3051.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.511 
3026.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.511 
3001.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.511 
2976.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.!10 l.!111 



Air· Dispersion Modeling 

·- ISCLT2 - VERSIOlf 93109 ,... - MAXDllf CXllC!iliiATICIB AT TIE WIPP SIT! ICUIDAJlY (1991 Met. Data) 
.... Meditma Receptor Grid (25150.)/100011&/••3 Source Cone.Canaled rel.) 

' tlJDELiltG OPTIORS USED: CCllC RUJW. ELEV FLGl'QL 

,... l!naJ: m: H!DI11f ; l!naJ: TYPE: GltIDCAJlT *** 

* R!CEPTal FLAG1'0L! B!IGBTS Ilf HEfEllS * 

Y-COCIRD I 
<METERS> 558.03 608.03 658.03 

X-axmD CMET!RS) 
708.03 758.03 808.03 - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -

3076.94 1.50 1.50 1.50 1.50 1.50 1.50 
3051.94 1.50 1.50 1.50 1.50 1.50 1.50 
3026.94 1.50 1.50 1.50 1.50 1.50 1.50 
3001.94 1.50 1.50 1.50 1.50 1.50 1.50 
2976.94 1.50 1.50 1.50 1.50 1.50 1.50 

858.03 

1.50 
1.50 
1.50 
1.50 
1.50 

*** 
*** 

04/11/95 
14:45:49 
PAGE 13 



Air Dispersion Modeling 

... lSCLt2 - VERSIOIC 93109 ... ... HAXDUt CCB:lllDAnOIC AT Tl! WIPP SIT! 1CU11DAU (1991 Met.. Oat.a) 
... Medi- a.c~r Grid (251' 5Clll)/10DO '4/•6 3 Sow:oe Ccmc. <analed ral. > 

... ... 
*** HCD!LlltG OP'flOICS USED: aB: aURAL ELEV !'l.G!01. 

St ABILITY 
CA2'IGCll? 

A 
I 
c 
D 
E 
F 

STAIILm 
CATEGCaY 

A 
I 
c 
D 
E 
F 

1 
.700001-01 
.100001-01 
.lOOOOl+oO 
.150001+DO 
.35000l+DO 
.550001+DO 

1 
.OOOOOl+DO 
.OOOOOl+DO 
.OODOOl+DO 
.OOOOOl+DO 
.100001-01 
.30000!-01 

... A'VIRAGE SP!!D FCll !ACB Wiit> SP!!D CA%!GCllY ... 
CM!TllS/SIC) 

1.00, 2.25, 4.05, 6.5!1, 9.25, 12.50, 

... Wiit> PROFILE !Xi'OiilHtS ... 

Wiit> SP!!D CAT!GCllY 
2 

.100001-01 

.70000!-01 

.lOOOOE+oO 

.15000l+oo 

.35000l+DO 

.55000l+o0 

3 
.700001-01 
.100001-01 
.10000l+DO 
.15000l+DO 
.35000l+DO 
.55000l+DO 

4 
.700001-01 
.700001-01 
.lOOOOl+DO 
.150001+00 
.35000l+DO 
.550001+DO 

... 'VIRTICAL l'OrlllTUL T!HP!RAtull! GIADIERTS ... 
CDIGRllS m.vm P!ll MET!R) 

Wiit> SP!!D CATEGCllY 
2 

.OOOOOl+oO 

.OOOOOl+DO 

.000001+00 

.OOOOOl+DO 

.100001-01 

.300001-01 

3 
.000001+00 
.OOOOOl+DO 
.OOOOOl+DO 
.OOOOOl+DO 
.100001-01 
.300001-01 

4 
.OOOOOl+oO 
.OOOOOl+DO 
.OOOOOl+DO 
.OOOOOl+DO 
.100001-01 
.300001-01 

5 
.700001-01 
.100001-01 
.lOOOOl+oO 
.15000E+oo 
.350001+00 
.550001+00 

5 
.000001+00 
.OOOOOl+DO 
.OOOOOl+DO 
.000001+00 
.100001-01 
.30000!-01 

stABILITY STABILITY STABILITY STABILITY stAIILITY STABILITY 
CArmmY A CAT!GCllY I CAt'EGCllY C CATEGCRY D CATEGCllY I CATEGCllY F 

211.1000 211.IDDO 211.1000 211.1000 211.1000 211.1000 

6 
.70000!-0l 
.70000!-01 
.10000!+00 
.15000!+00 
.35000E+o0 
.55000!+00 

6 
.OOOOOE+DO 
.OOOOOE+DO 
.OOOOOE+DO 
.000001+00 
.100001-01 
.300001-01 

04/11195 
14:45:49 
l'AG! 14 r 



Air Dispersion Modeling 

*** ISCLT2 - VERSIOll 93109 *** - MAXDllt CCRCDlJIATIOll AT TIE WIPP SITE ICUlllWlY <1991 Met. Data) 
- Medi111111 ••captor Grid CZSX 50.)/1000 M&/•A3 Soi&rca Conc.<anaL•d rel.) 

Km!LIIG OPTIORS USED: COIC RURAL ELEV FLGPOL 

- AVllAG! MIXIllG LAYER BEIGBT <METERS> *** 

AllllUAL 
WIID SPDD Wiil> SPDD Wiii> SPDD WIID SPEED WIID SPEED WIID SPEED 
CAT!GCllY 1 CATmtaY 2 CAT!GCllY 3 CAT!GCllY 4 CATEGORY 5 CATEGORY 6 

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGORY I 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGCRY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGCRY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 

~111 

*** 
*** 

04/11/95 
14:45:49 
PAGE 15 



Air Dispersion Modeling 

*** ISCLT2 - VERSIDll 93109 *** *** ttAXDllt C:DllCEidJCATIDll AT TBE WIPP SIT! JIOUl!WtY (1991 Met. Dat.a) 
***Hedi• hcept.or Grid CZSX 50.)/1000 14/m•3 Source Conc.(angled rel.) 

*** KX>ELlllG Ol'TIOIS USED: cm: RUJW. !LIV FLG!'OL 

*** F.RIQU!ICY 01 cx:aJllllt'! at WDID SP!!D, DlRECTIDll AID STABILITY *** 

FIL!: C:: \tllD!Ul\HET\CllD91. SD FORHA?: C7X,6F7.5) 
SURFACE STATICll llO.: 11111 UPPER Al1t STilIDll llO. : 11111 

1AME: CAllLSIAD RAHE: UHJClfCWR 
YIAll: 1991 Y!All: 1991 

AlllUAL: STABILITY CADGCllY A 

WIID SP!!D WDID Sl'DD WDID SPDD WDID SPDD WllD SPDD WIID SP!!D 
CAT!GeltY 1 CADGCllY 2 CAtlDCRY 3 CAnoc.t 4 CAnoc.t 5 CADGCllY 6 

DIRECTICll C 1.000 HIS) C 2.250 HIS) C 4.050 HIS) C 6.550 HIS) C 9.250 HIS) (12.500 HIS) 
CD!GR!!S> ----------- ----------- ----------- ----------- ----------- -----------.000 .00010000 .00059000 .00000000 .00000000 .00000000 .00000000 

22.500 .00011000 .00106000 .00000000 .00000000 .00000000 .00000000 
45.000 .00027000 .00012000 .00000000 .00000000 .00000000 .00000000 
67.500 .00020000 .00035000 .00000000 .00000000 .00000000 .00000000 
90.000 .00027000 .00012000 .00000000 .00000000 .00000000 .00000000 

112.500 .00025000 .00070000 .00000000 .00000000 .00000000 .00000000 
135.000 .00045000 .00106000 .00000000 .00000000 .00000000 .00000000 
157.500 .00037000 .00141000 .00000000 .00000000 .00000000 .00000000 
110.000 .00022000 .00047000 .00000000 .00000000 .00000000 .00000000 
202.500 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000 
225.000 .00008000 .00047000 .00000000 .00000000 .00000000 .00000000 
247 .500 .00014000 .00000000 .00000000 .00000000 .00000000 .00000000 
270.000 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000 
292.500 .00014000 .00000000 .00000000 .00000000 .00000000 .00000000 
315.000 .00006000 .00035000 .00000000 .00000000 .00000000 .00000000 
337.500 .00002000 .00012000 .00000000 .00000000 .00000000 .00000000 

AlllUAL: STABILITY CADGCllY I 

WIID SPEED WIID SP!!D WDID SPEED WllD SP!!D Wl1ID SPEED WIID SP!!D 
CATEGORY 1 CATIGCRY 2 CA?IXDY 3 CADGmY 4 CATIGCJRY 5 CAn:GCllY 6 

DIRECTION < 1.000 HIS> < 2.250 HIS> ( 4.050 HIS) < 6.550 HIS> C 9.250 MIS) (12.500 HIS) 
CDEGREES> ----------- ----------- ----------- ----------- ----------- -----------

.ODO .00152000 .00211000 .00129000 .00000000 .00000000 .00000000 
22.SOO .00115000 .00211000 .00106000 .00000000 .00000000 .00000000 
45.000 .00090000 .00223000 .00164000 .00000000 .00000000 .00000000 
67.SOO .00107000 .00212000 .00012000 .00000000 .00000000 .00000000 
90.000 .00114000 .00381000 .00117000 .00000000 .00000000 .00000000 

112.SOO .00086000 .00341000 .00211000 .00000000 .00000000 .00000000 
135.000 .00110000 .00623000 .00294000 .00000000 .00000000 .00000000 
157.SOO .00206000 .00634000 .00599000 .00000000 .00000000 .00000000 
110.000 .00156000 .00451000 .00446000 .00000000 .00000000 .00000000 
202.500 .00034000 .00129000 .00070000 .00000000 .00000000 .00000000 
225.000 .00021000 .00129000 .00023000 .00000000 .00000000 .00000000 
247.SOO .00031000 .00012000 .00023000 .00000000 .00000000 .00000000 
270.000 .00116000 .00047000 .00059000 .00000000 .00000000 .00000000 
292.500 .00017000 .00059000 .00000000 .00000000 .00000000 .00000000 
315.000 .00015000 .00035000 .00012000 .00000000 .00000000 .00000000 
337.500 .00052000 .00023000 .00047000 .00000000 .00000000 .00000000 

ADll-111 

·••• 04/11/95 
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PAGE 1 



Air Dispersion Modeling 

-.. ISCLT2 - VERSICll 93109 ... ... tlAXDllf CX&ElfltATICll AT TIE WIPP SITE IOOIDA1lY (1991 Het. Data) 

Dnw:TIOll 
<DEGREES) 

.000 
22 . .500 
45.000 
67 • .500 
90.000 

112 . .500 
13.5.000 
157 . .500 
190.000 
202 • .500 
225.000 
247.500 
270.000 
292.500 
315.000 
337 . .500 

DIRECTION 
(DEGREES) 

.000 
22 . .500 
45.000 
67.500 
90.000 

112.500 
135.000 
157 • .500 
180.000 
202.500 
225.000 
247 . .500 
270.000 
292.500 
315.000 
337.500 

... Hadi1a Raceptor Grid (25X 50.)/1000 Ma/11•3 Source Conc.(anglad rel.) 

-• FREQUDCY OF OCCUJllDCE OF Wiii> SPEED, DIRECTICll AID STABnITY *** 

FIL!: C:\M:>D!LS\HET\CID91.SD 
SURFACE STATICll llO.: 11111 

MAHE: CARTSl&fl 
YL\ll: 1991 

FClllHAT: C7X,6F7.5) 
UPPER AIR STATICll RO. : 11111 

RAHE : UlQClfOWll 
YEAR: 1991 

AlftlUAL: ST.ABnITY CATIGCIRY C 

WIHD SPEED WIHD SPEED WIHD SPEED WIID SPEED WIHD SPEED WIID SPEED 
CATEGORY 1 CATIGCaY 2 CATIOCa1' 3 CATIGCll1' 4 CATIGCllY 5 CATIGCIRY 6 

< 1.000 HIS) < 2.2.50 HIS) ( 4.050 H/I) ( 6.550 HIS> ( 9.250 HIS) (12.500 HIS) 

.0011.5000 

.00036000 

.00037000 

.00052000 

.00037000 

.00042000 

.00058000 

.00027000 

.00062000 

.00017000 

.00030000 

.00028000 

.00040000 

.00078000 

.00069000 

.00023000 

.00305000 

.00211000 

.00223000 

.00212000 

.00235000 

.00317000 

.00399000 

.00505000 

.00470000 

.00012000 

.00094000 

.00059000 

.00059000 

.00070000 

.00141000 

.00200000 

.00517000 

.00294000 

.00141000 

.00106000 

.00223000 

.00311000 

.00193000 

.01480000 

.01081000 

.00141000 

.00106000 

.00153000 

.00200000 

.00129000 

.00153000 

.00211000 

.00106000 

.00012000 

.00023000 

.00000000 

.00035000 

.00047000 

.00294000 

.00251000 

.00251000 

.00047000 

.00012000 

.00164000 

.00270000 

.00070000 

.00012000 

.00035000 

ADUAL: ST.ABILITY CArmcaY D 

.00012000 

.00000000 

.00000000 

.00000000 

.00000000 

.00023000 

.00000000 

.00012000 

.00012000 

.00000000 

.00012000 

.00047000 

.00223000 

.00012000 

.00000000 

.00012000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00012000 

.00012000 

.00000000 

.00012000 

.00070000 

.00023000 

.00000000 

.00000000 

WIHD SPEED WIHD SPEED WIID SPEED WillD SPEED Wiii> SPEED WIID SPEED 
CATEGORY 1 CAT!GC&t 2 CATIGCll1' 3 CATIGCll1' 4 CATIGCll1' 5 CAT!GCltY 6 

C 1.000 H/S) C 2.250 HIS) C 4.050 HIS> ( 6.550 HIS) ( 9.250 HIS) (12.500 H/I) 

.00134000 

.00074000 

.0006.5000 

.00082000 

.00138000 

.00063000 

.00049000 

.0007.5000 

.00108000 

.00040000 

.00038000 

.00046000 

.00065000 

.00049000 

.00091000 

.00093000 

.00564000 

.00611000 

.00505000 

.00311000 

.00451000 

.00470000 

.00623000 

.00623000 

.00717000 

.00111000 

.00164000 

.00106000 

.00176000 

.00294000 

.00352000 

.00376000 

.01304000 

.00493000 

.00411000 

.00576000 

.00505000 

.00529000 

.00904000 

.02115000 

.01797000 

.00411000 

.00317000 

.00435000 

.00646000 

.00317000 

.00670000 

.00975000 

.01527000 

.00364000 

.00223000 

.00223000 

.00211000 

.00317000 

.01316000 

.01903000 

.01269000 

.00451000 

.00311000 

.01269000 

.02714000 

.00921000 

.00634000 

.01410000 

.00200000 

.00035000 

.00023000 

.00000000 

.00035000 

.00047000 

.00212000 

.00111000 

.00059000 

.00129000 

.00164000 

.00305000 

.01457000 

.00317000 

.00012000 

.00270000 

--113 

.00035000 

.00000000 

.00000000 

.00012000 

.00000000 

.00023000 

.00012000 

.00023000 

.00012000 

.00035000 

.00035000 

.00223000 

.00916000 

.00164000 

.00023000 

.00035000 

*** ·- 04/11/95 
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Air Dispersion Modeling 

*** ISCLT2 - VERSIOR 93109 ••• ... HAXD0t CXliC!JUM.TIOlf AT Tl! WI?! Sll! IOlllDARY (1991 Het.. Data) ... 
... Hedi .. Jlecept.or Grid (2SX 50.)/1000 "81••3 Source Cane.Canaled rel.)••• 

*** ta>!LIIG OPTIORS USED: COIC IWltAL ELEV FLGl'OL 

DIRECTICll 
(DEGREES) 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DIRECTION 
(DEGREES) 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

••• FREQUDCY OF OCCURJl!BCE OF WIRD SPEED, DIRECTIOR ARD STABil.ITY ... 

FIL!: C:\KJD!LS\HET\C!1>91.STR 
SUllFACE STATIOR 1'0.: 11111 

RAH!: CA1lLSBAD 
YEAR: 1991 

FCllMAT: (7X,6F7 .5) 
UPPER AI1l STAtIOR IO. : 11111 

1'AHE: tJREMQWft 
YEAR: 1991 

ADUAL: STABILITY CAT!GCRY ! 

WillD SPEED WIRD Sl'DD WIID S1DD WIRD Sl'DD WI1D Sl'DD WI1D Sl'DD 
CADGORY 1 CADGtaY 2 CADGtll! 3 CADGtaY 4 CATIGCU 5 CATIGCU 6 

( 1.000 MIS) < 2.250 MIS) < 4.050 MIS) ( 6.550 MIS) < 9.250 M/S) <12.500 MIS) 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00470000 

.00200000 

.00223000 

.00200000 

.00223000 

.00305000 

.00411000 

.00705000 

.00975000 

.00411000 

.00247000 

.00388000 

.00576000 

.00470000 

.00388000 

.00270000 

.00611000 

.00200000 

.00141000 

.00106000 

.00094000 

.00106000 

.00341000 

.00975000 

.01809000 

.00916000 

.00646000 

.01010000 

.01797000 

.01011000 

.00634000 

.00458000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADUAL: STABil.ITY CATIGCU F 

.00000000· 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIRD SPEED WillD Sl'DD WillD SPEED WI1D SPEED WI1D SPEED WI1D Sl'DD 
CATEGORY 1 CAr!GalY 2 CATIGCU 3 CADGC8? 4 CADGCaY 5 CADGtaY 6 

C 1.000 M/S) C 2.250 HIS> ( 4.050 M/S) C 6.550 H/S) C 9.250 HIS) (12.500 M/S) 

.00407000 

.00238000 

.00137000 

.00193000 

.00248000 

.00159000 

.00319000 

.00544000 

.00568000 

.00352000 

.00358000 

.00376000 

.00579000 

.00469000 

.00281000 

.00281000 

.00858000 

.00446000 

.00258000 

.00176000 

.00305000 

.00552000 

.00564000 

.01339000 

.02408000 

.00951000 

.00193000 

.01151000 

.01515000 

.01410000 

.00904000 

.00693000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

S~ OF FREQU!RCIZS, P'TOTAL • 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.99990 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

04/11/95 
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Air Dispersion Modeling 

-* ISCLT2 - VllSIClf 93109 - - MAXDllt CDICDUATIClf AT TIE Wil'P SI?! IOUllWll C1991 Met. Data) -* -Hedi- a.oeptor Grid C25X 50.)/1000 ...a/••3 Source Canc.Caaaled rel.) -* 

tllDELIJG Ol'TICllS USED: c:mc DIAL !LIV FLGl'OL 

-* Tiii AllllUAL A"911AGE CXMCDUATIOll VALUES FCll SOUICE GROUP: ALL -• 
IllCLUDI1'G SOUJIC!CS): 1 , 2 

-* llltwCIUC ID: H!Dillt n:'nlJllX TYPE: GRIDCART •-

- ax1e or IJfY D HICllCGRAHS/M*•3 •• 
Y-COCIU> I X-CCCllD CHETDS > 
<HETERS> -791.97 -741.97 -691.97 -641.97 -591.97 -541.97 -491.97 -441.97 ------- - - - - - - -- - --- ---- - - - - - - - - - - - - - - - - -- - - - ------ - - - - -
3076.94 .075935 .076917 .071024 .079046 .010050 .011036 .097636 .011678 
3051.94 .076572 .077642 .071691 .079739 • 080762 .081765 .088467 . .019531 
3026.94 .077217 .071307 .079312 .080442 .081413 .082505 .019314 .090398 
3001.94 .077171 .071911 .080076 .011155 .012216 .013257 .090174 .091279 
2976.94 .071533 .079664 .080779 .011179 .012960 .084020 .091052 .092178 

ADll-1• 

04/11195 
14:45:49 
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-391.97 
------

.089696 

.090568 

.091455 

.092356 

.093276 



Air Dispersion Modeling 

*** ISCLTZ - V!RSIOR 93109 ... ... HAXDllf t\MC!lifkATICIR AT DE WRP SID IOUllDAl.t (1991 Ket.. Data> 
... Hedi• llecept.or Grid (25X 51111)/1000 ,,.,.-3 Source Callc.(1111&led rel.) 

... MJDELillG OPTIORS US!D: aB: IUIW. !LIV FLGPOL 

... DE AlftlUAL A'VERAGE CUliCD!RATIOR VAl.U!S J'all SOUICI GRCIJl': ALL ... 
IllCLUDIBG SOIJRCE(S): 1 , 2 

... ~m: H!DIUt ll!1'lltl TYPE: GRIDCAIT -• 

.. CClfC OF AlfY 11' HICllCGllAHS/H**3 •• 

Y-COORD I 
CHETEIS) -341.97 -291.97 -241.97 

X-axlll> (tt!T!IS) 

-191.97 -141.97 -91.97 -41.97 
- - - - - - - - --- - -- - - - --- - - - -- - - - - - - - - - - - - - - ---- - - - - - - - - - - -

3076.94 
3051.94 
3026.94 
3001.94 
2976.94 

.096471 

.097457 

.091460 

.099410 

.100521 

.097519 

.091525 

.099541 

.100590 

.101660 

.091532 

.099557 

.100600 

.101662 

.102753 

.099508 

.100551 

.101613 

.102694 

.103105 

.100445 

.101506 

.102515 

.103615 

.104115 

.101342 

.102419 

.103515 

.104633 

.105711 

.102198 

.103290 

.104401 

.105534 

.106700 

·••• 

8.03 

.102489 

.103588 

.104699 

.105839 

.107013 

04/11/9~ 
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58.03 

.100014 

.101062 

.102129 

.103216 

.104334 



Air Dispersion Modeling 

••• ISC1.T2 - VEISIOR 93109 - - MAXDOS CQICDllATIOR It.% TB! Wil'P SIT! IQUIDARY (1991 Met.. Dat.a) 
- Medium a.oept.or Grid (25X 50.)/1000 11&/••3 Source Conc.(analad rel.) 

• tllDELim Ol'TIOllS USID: aK IDAL !LIV FLGJIQL 

*** ti! AllllUAL AVllMJE ctiiCEHillA.TIOR VALUES Ftll SOUICE GllCUP: ALL •-
DCLUl>Im SOUICZCS>: 1 , 2 

... l!'!Wl:lll: IJ>: HEDI11t l!'!Wl:lll: TYPE: GllIDCAll1' ... 

- CCRC OF A1f'l Ill HICllCGRAHSIH**3 ... 
Y-COORD I X-axm> CH!TllS> 
(METERS) 1011.03 1511.03 208.03 2511.03 308.03 3511.03 4011.03 ------- -- - - - - -- - - - --- - - - - -- -- - - - - - - -- - - -- -- - - -
3076.94 .097510 .100575 .0971117 .09517' .092448 .0119704 .090144 
30!51.94 .0911509 .101621 .0911879 .096115 .093332 .090535 .090973· 
3026.94 .099526 .102615 .0991111 .097069 .094231 .091377 .0911113 
3001.94 .100562 .103769 .100916 .0911040 .095145 .092234 .092667 
2976.94 .101626 .104111 .101977 .099042 .096087 .093116 .093548 

ADll-117 

*** ... 

458.03 

.0117290 

.0811059 

.0811841 

.08963!5 

. 0904!54 

04/11/95 
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508.03 

.084431 

.08!5143 

.0851164 

.0116599 

.0873!5!5 



Air Dispersion Modeling 

••• ISCLTZ - V!RSICR 93109 *** *** HAXDll4 COICEHIIATICR AT Tll! WIPP sm llOUIDaY (1991 Het.. Dat.al 
... Medium Receptor Grid (25X 50.)/1000 14/a•3 Source Conc.<anal•d rel.) 

••• t«ID!LIIG OPTIOllS US!D: CCRC JUllAL !L!V FLGPOL 

*** TBE AlQfUAL A'VIRAGE COICEHillATIOlf VALU!S FOR SOUIC! GRCJUP: ALL ••• 
IHCLUDIJG SQURCE(S): l , 2 

***~ID: HEDI114 

•• CORC OF Alff •• 

Y-CQCIU) I 
<HETERS> 558.03 608.03 658.03 

X-COCllD (H!T!RS) 

708.03 758.03 808.03 858.03 
- - - - - - - - - - - - - -- - -- - - ~ - -- - - - - - - - - - -- - - - - - - - - - - - - - - - -

3076.94 .081572 .078717 .075867 .073028 .070202 .067392 .064602 
3051.94 .082227 .079315 .076411 .073517 .070636 .067774 .064932 
3026.94 .082889 .079919 .076958 .074007 .071072 .068155 .065259 
3001.94 .083562 .080530 .077510 .074502 .071510 .068537 .065586 
2976.94 .084257 .081162 .078077 .075008 .071956 .068925 .065917 

••• 
04/11/95 
14:45:0 
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Air Dispersion Modeling 

*** ISCLT2 - VEllSICll 93109 ,... ,... MAXDllM CCllCEliiMTICll AT TIE WIPP SITE ICUllDAaY (1991 Met.. Dat.a) 
... Hedi• Receptor Grid <2.5X 511111)/1000 14/••3 8-rce emu:. Canaled ral. > 

' ta>!LIRG OPTICllS USID: CCllC llDIAL !LIV FLG1'0L -.. 

•- TIE HAXDUI 10 .ADUAL AVERAGE COMCEMIMTICll VALUES FCll GRCUP: ALL ... 
IllCLUDIJIG SOUllC!<S>: 1 , 2 

- COMC OF AJl{'l DI HICROGRAMS/M**3 ** 

*** 
*** 

IWQC CCllC AT RECEP!Cll (XI., '!Jl) OF TYPE RAE COIC AT UCEPTClll (XJl. Yll) OF TYPE 
- - - - - - - - ------

1. .107013 AT 1.03, 
2. .106700 AT -41.97, 
3. .105139 AT 1.03, 
4. .105711 AT -91.97, 
5. .105534 AT -41.97, 

*** RECE1'TCIR TYPES: GC • GllIDCAllT 

GP • GRIDl'OUl 
DC • DISCCAJlT 
DP • DISCl'OIJl 
ID • IOUllDAllY 

-- - - - - - - -
2976.94) GC 
2976.94) GC 
3001.94) GC 
2976.94) GC 
3001.94) GC 

------ - - - - - - - - - - - - - - - - - - - - - - -
6. .104111 AT 151.03, 2976.94) GC 
7. .104115 AT -141.97, 2976.94) GC 
I. .1046'9 AT 1.03, 3026.94) GC 
9. .104633 AT -91.97, 3001.,4) GC 

10. .104401 AT -41.97, 3026.94) GC 

04/11/95 
14:45:49 
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Air Dispersion Modeling 

-. ISCLT2 - V!RSIOll 93109 ..., -• HAXDllM CClfC!HTR.AT!Olf AT TBr. r,."IJ:'P SIT! IOUllDARY (1991 Het.. Data) 
..., Medium Racapt.or Grid C25X 50.)/1000 11&tm•3 Source Cone.Canaled ral.> 

-• ta>ELIIG OPTIORS USED: CORC lWRAL ELEV FLGl'OL 

••• Ha•• .. • Smiaary For ISC2 Modal !zacut.ion -• 

--------- Smiaary Of Tot.al Ha•• .. •• --------
A Tot.al of 
A Tot.al of 
A Tot.al of 

O Fat.al Error Haas .. •<•> 
o Warnina Mas• .. •<•> 
0 InfoDDat.ional. Haaa .. a(a) 

•••••..., FATAL ERRm MESSAGES •
-• llCI! .... 

•-•••- WAIUIIIG MESSAGES _ _.. 
·- ROI! ••• 

....................................... 

... ISCLT2 Finiabaa Succaaafully •
************************************ 

••• 
••• 

04/11/95 
14:45:49 
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Air Dispersion Modeling 

1SCLT2 - CDAT!D 93109) 

11H-1'C VDSIClf 2.13 1SCLT2 
CC> COP!IUGllT 1992, DIIITY CCllSULTAITS, DC. 
SD1AL tnltBIR 9711 SOLD TO N!STllGllOUS! !L!CTRIC CCII!' 

Run B•aan on 4/11/1995 at 14:42:16 

CO ST.AJlTIRG 
co TITL!OIE IMZDDt amc:an&Tim a !111 llD'l' snz.........,. C1ff1 Mn.. Data> 
CO TITL!TWO 1'1- bo.ptor Grid (5 J: .511)/1000 11&1m•3 8-n• C:.C. Cmaled nl.) 
CO H'JD!LOPT CCl1'C IUllW. 
CO AV!RTIHE AlllUAL 
CO POLLUTII> ARY 
CO T!RJIBGTS ELEV 
co !LEVURIT FEET 
co FLAGl'OL! 1.500000 
CO RURCIUIOT IWI 
CO FlRlSB!D 
SO ST.AJlT11'G 
SO LOCATIClf 1 l'OlRT O. 00 0. 00 1039. 37 
SO SRCPARAH 1 0.100000 8.20 211.10 4.6598 4.400 
SO LOCATlClf 2 l'OlRT 0. 00 7 .20 1039. 37 
SO SRCl'ARAH 2 0.100000 8.20 211.80 4.6598 
SO BUILDBGT 1 10.40 0.00 0.00 0.00 0.00 
SO BUILDBGT 1 0.00 3.80 0.00 10.40 0.00 

4.400 
o.oo 
0.00 

SO BUILDBGT 1 0.00 6.10 6.10 6.10 
SO BUlLDWlD 1 2.35 0.00 0.00 0.00 
SO BUILDWID 1 0.00 1.35 0.00 2.13 

o.oo 
0.00 

0.00 
o.oo 

so BUlLDWID 1 o.oo 1.11 9.15 13.20 
SO BUILDBGT 2 3.50 0.00 0.00 0.00 o.oo 
SO BUILDBGT 2 0.00 3.10 0.00 10.40 0.00 

0.00 
0.00 

SO BUILDBGT 2 0.00 6.10 6.10 6.10 
~ BUILDWID 2 l.09 0.00 0.00 0.00 

1U1LDW1D 2 0.00 l.35 0.00 2.13 
0.00 
o.oo 

0.00 
o.oo 

lUILDWID 2 0.00 a.ea 9.15 13.20 
.HISURIT 1000000.000000 GRAHS/S!C HlCllCGltAHS/H**3 

_.:;, SRCGROUP ALL 
SO FIRISBED 
RE STARTIRG 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDCART FIR! 
RE GRIDCART FIRE 
RE GRIDCART FIR! 
RE GRIDCART FIRE 
RE GRIDCART FIRE 
RE GRIDC.AJlT FIRE 
RE GRIDCART FIR! 
RE GRIDCAJlT FIR! 
RE GRIDCAJlT FIRE 
RE GRIDC.AJlT FIRE 
RE GRIDCART FIR! 
RE GRIDC.AJlT Fiii 
RE GRIDCART FIR! 
RE GRIDC.AJlT FIR! 
RE GRIDC.AJlT FIRE 
RE GRIDCART FIIE 
RE GRIDCART FIRE 
RE GRIDC.AJlT FIRE 
RE GllIDC.AJlT FIRE 
RE GRIDCAJl1' rm 
ft,.. GRIDC.AJlT Fiii 

iRIDC.AJlT Fiii 
'IRIDCARl' FIRE 

STA 
XYIBC ·41.97 21 5.00 2976.94 21 5.00 
EL!V 1 3420.01 3420.0l 3420.0l 3420.0l 
EL!V 1 3420.0l 3420.0l 3420.01 3420.01 
EL!V 1 3420.0l 3420.01 3420.01 3420.01 
EL!V 1 3420.01 3420.01 3420.01 3420.01 
EL!V 1 3420.01 3420.01 3420.01 3420.01 
EL!V 1 3420.01 
ELEV 2 3420.01 
EL!V 2 3420.01 
EL!V 2 3420.01 
ELEV 2 3420.01 
ELEV 2 3420.01 
ELEV 2 3420.01 
ELEV 3 3420.01 
EL!V 3 3420.01 
ELEV 3 3420.01 
ELEV 3 3420.01 
ELEV 3 3420.01 
ELEV 3 3420.01 

. EL!V 4 3420.01 
EL!V 4 3420.01 
EL!V 4 3420.01 
EL!V 4 3420.01 
EL!V 4 3420.01 
ELEV 4 3420.01 
ELEV 5 3420.01 
EL!V 5 3420.01 
II.IV 5 3420.01 
II.IV 5 3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 
3420.01 

3420.01 
3420.01 
3420.01 
3420.01 

AIJll.111 



Air Dispersion Modeling 

IE GllIDCA1lt nil ELEV 5 3420.01 3420.01 3420.01 3420.01 
IE GIIDCAJlT FIJI! ELEV 5 3420.01 
IE GllIDCA1lt Fii! ELEV 6 3420.01 3420.01 3420.01 3420.01 
IE GllIDCA1lt Fii! ELEV 6 3420.01 3420.01 3420.01 3420.01 
IE c:am:m Fii! ELEV 6 3420.01 3420.01 3420.01 3420.01 
IE GllIDCA1lt FDE ELEV 6 3420.01 3420.01 3420.01 3420.01 
IE GllIDCA1lt FIRE ELEV 6 3420.01 3420.01 3420.01 3420.01 
IE GllIDCA1lt Fii! ELEV 6 3420.01 
IE GllIDCA1lt Fii! ELEV 7 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART Fii! ELEV 7 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART Fiil ELEV 7 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART Fii! ELEV 7 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART Fiil ELEV 7 3420.01 3420.01 3420.01 3420.01 
RI GRIDCART FIRE ELEV 7 3420.01 
IE GRIDCART FIIE ELEV I 3420.01 3420.01 3420.01 3420.01 
RI GllIDCA1lt FIRE ELEV I 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART Fii! ELEV I 3420.01 3420.01 3420.01 3420.01 
IE GllIDCA1lt Fii! ELEV I 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART FIJI! ELEV I 3420.01 3420.01 3420.01 3420.01 
IE GllIDCA1lt Fii! ELEV I 3420.01 
IE GRIDCART FDE ELEV 9 3420.01 3420.01 3420.01 3420.01 
IE GllIDCART Fii! ELEV 9 3420.01 3420.01 3420.01 3420.01 
IE GRIDCAllT Fii! ELEV 9 3420.01 3420.01 3420.01 3420.01 
U GRIDCART FIRE ELEV 9 3420.01 3420.01 3420.01 3420.01 
U GllIDCAllT FDE ELEV 9 3420.01 3420.01 3420.01 3420.01 
U GRIDCAllT Fiil ELEV 9 3420.01 
IE GllIDCA1lt nRE ELEV 10 3420.01 3420.01 3420.01 3420.01 
U Gll.IDCART FIRE ELEV 10 3420.01 3420.01 3420.01 3420.01 
IE GIIDCAllT FIRE ELEV 10 3420.01 3420.01 3420.01 3420.01 
IE GRIDCAJlT FIRE ELEV 10 3420.01 3420.01 3420.01 3420.01 
Jl! GllIDCART FIRE ELEV 10 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART FIRE ELEV 10 3420.01 
RE GllIDCART FIRE !LEV 11 3420.01 3420.01 3420.01 3420.01 
RE GllillCART FDE ELEV 11 3420.01 3420.01 3420.01 3420.01 
RI GRIDCART FIRE ELEV 11 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIRE ELEV 11 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIR! ELEV 11 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIR! ELEV 11 3420.01 
RE GRIDCAllT FI11! ELEV 12 3420.01 3420.01 3420.01 3420.01 ''>!t 

RE GRIDCAllT FIR! ELEV 12 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAllT FIR! ELEV 12 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIR! ELEV 12 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIR! ELEV 12 3420.01 3420.01 3420.01 3420.01 
IE GRil>CAR.T FIR! ELEV 12 3420.01 
IE GRIDCAllT FIR! ELEV 13 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAJlT Filll ELEV 13 3420.01 3420.01 3420.01 3420.01 
JtE GRIDCAllT Filll ELEV 13 3420.01 3420.01 3420.01 3420.01 
IE GRIDCART FIRE ELEV 13 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIB ELEV 13 3420.01 3420.01 3420.01 3420.01 
IE GllIDCART Fiil ELEV 13 3420.01 
RE GRIDCART Fiil ELEV 14 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAllT FI11! ELEV 14 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAllT FIRE ELEV 14 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAllT Fii! ELEV 14 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIJI! ELEV 14 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART FIR! ELEV 14 3420.01 
RE GRIDC.\llT FID ELEV 1!1 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAllT Fiii! ELEV 15 3420.01 3420.01 3420.01 3420.01 
IE GRI1lCAllT FID ELEV 1!1 3420.01 3420.01 3420.01 3420.01 
RI Gll.IDCART rm ELEV 15 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAllT FIJI! ELEV 15 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART rm ELEV 15 3420.0l 
RI GllIDCA1lt rm ELEV 16 3420.01 3420.01 3420.01 3420.01 
RI GR'tD('f,RT Fii! ELEV 16 3420.01 3420.01 3420.01 3420.01 
RI GRIDCART rm ELEV 16 3420.01 3420.01 3420.01 3420.01 
RE GRIDCART rm ELEV 16 3420.01 3420.01 3420.01 3420.01 
RI GllillCART rm ELEV 16 3420.01 3420.01 3420.01 3420.01 
e G1IDCARt rm ELEV 16 3420.01 
u G1IDCARt rm ELEV 17 3420.01 3420.01 3420.01 3420.01 
u CllIIJCAltT rm ELEV 17 3420.01 3420.01 3420.01 3420.01 
Jl! Gam:•rr rm ELEV 17 3420.01 3420.01 3420.01 3420.01 

ADll-112 
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-- CllIDCAl.T FIR! EL!V 17 3420.01 3420.01 3420.01 3420.01 
mllCA1lT Fii! EL!V 17 3420.01 3420.01 3420.01 3420.01 
1lmcART FIR! EL!V 17 3420.01 
.amcAJtT FIR! EL!V 11 3420.01 3420.01 3420.01 3420.01 

. ··JI!; GIUDCAllT Fii! EL!V 11 3420.01 3420.01 3420.01 3420.01 
IE GllIDCAll FIR! EL!V 11 3420.01 3420.01 3420.01 3420.01 
IE GllIDCAJt? FIR! EL!V 11 3420.01 3420.01 3420.01 3420.01 
IE caIDCAJlT Fii! EL!V 11 3420.01 3420.01 3420.01 3420.01 
IE GllIDCAll FIR! ELEV 11 3420.01 
1l! GRIDCART FIR! ELEV 19 3420.01 3420.01 3420.01 3420.01 
RE GllIDCAllT FIR! ELEV 19 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAl.T FIR! ELEV 19 3420.01 3420.01 3420.01 3420.01 
RE GllIDCAll FIR! ELEV 19 3420.01 3420.01 3420.01 3420.01 
IE GRIDCAltT Fii! ELEV 19 3420.01 3420.01 3420.01 3420.01 
IE GRIDCAl.T Fii! ELEV 19 3420.01 
IE GRIDCA1lT FIR! ELEV 20 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAltT FIR! ELEV 20 3420.01 3420.01 3420.01 3420.01 
IE GllIDCART FIR! EL!V 20 3420.01 3420.01 3420.01 3420.01 
IE GRIDCAltT FIR! ELEV 20 3420.01 3420.01 3420.01 3420.01 
RE GllIDCART FIR! ELEV 20 3420.01 3420.01 3420.01 3420.01 
RE GllIDCART FIR! EL!V 20 3420.01 
RE GllIDCAltT FIRE EL!V 21 3420.01 3420.01 3420.01 3420.01 
RE GllIDCAltT FIRE ELEV 21 3420.01 3420.01 3420.01 3420.01 
RE GllIDCAltT FIRE ELEV 21 3420.01 3420.01 3420.01 3420.01 
RE GRIDCAltT FIRE ELEV 21 3420.01 3420.01 3420.01 3420.01 
RE GllIDCAltT FIRE EL!V 21 3420.01 3420.01 3420.01 3420.01 
IE GllIDCAltT FIRE EL!V 21 3420.01 
RE GllIDCAltT FIRE FLAG 1 1.50 1.50 1.50 1.50 
RE GllIDCAltT FIRE FLAG 1 1.50 1.50 1.50 1.50 
RE GllIDCAltT FIRE FLAG 1 1.50 1.50 1.50 1.50 
RE GRIDCAltT FIRE FLAG 1 1.50 1.50 1.50 1.50 
RE GllIDCAltT FIRE FLAG 1 1.50 1.50 1.50 1.50 
RE GllIDCAltT FIR! FLAG 1 1.50 
RE GllIDCAltT FIRE FLAG 2 1.50 1.50 1.50 1.50 
•w: GllIDCAltT FIR! FLAG 2 1.50 1.50 1.50 1.50 

'.iRIDCAllT FIR! FLAG 2 1.50 1.50 1.50 1.50 
iRIDCAltT FIRE FLAG 2 1.50 1.50 1.50 1.50 
iRIDCAllT FIRE FLAG 2 1.50 1.50 1.50 1.50 

~ GRIDCAllT FIKE FLAG 2 1.50 
RE GllIDCAllT FIRE FLAG 3 1.50 1.50 1.50 1.50 
RE GRIDCAllT FIKE FLAG 3 1.50 1.50 1.50 1.50 
RE GllIDCAllT FIRE FLAG 3 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 3 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIRE FLAG 3 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 3 1.50 
RE GRIDCAl!.T FIKE FLAG 4 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 4 1.50 1.50 1.50 1.50 
RE GllIDCAl!.T FIKE FLAG 4 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIRE FLAG 4 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 4 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIR! FLAG 4 1.50 
RE GllIDCAl!.T FIKE FLAG 5 1.50 1.50 1.50 1.50 
RE GllIDCAl!.T FIKE FLAG 5 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 5 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 5 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 5 1.50 1.50 1.50 1.50 
RE GRIDCAl!.T FIKE FLAG 5 1.50 
RE GRIDCAllT FIKE FLAG 6 1.50 1.50 1.50 1.50 
RE GRIDCART FIKE FLAG 6 1.50 1.50 1.50 1.50 
RE GIUDCART FIIE FLAG 6 1.50 1.50 1.50 1.50 
RE GIUDCAllT FIR! FLAG 6 1.50 1.50 1.50 1.50 
RE GRIDCAU Fii! FLAG 6 1.50 1.50 1.50 1.50 
RE GIUDCART Fii! FLAG 6 1.50 
RE GllIDCAll FIR! FLAG 7 1.50 1.50 1.50 1.50 
RE GllIDCAll FIR! FLAG 7 1.50 1.50 1.50 1.50 
IE GRIDCAllT Fii! FLAG 7 1.50 1.50 1.50 1.50 
RE GIUDCAllT Fii! FLAG 7 1.50 1.50 1.50 1.50 
IE GRIDCAlU' rm FLAG 7 1.50 1.50 1.50 1.50 
~.. GllIDCAll Fiii FLAG 7 1.50 

GIUDCAllT Fii! FLAG I 1.50 1.50 1.50 1.50 
mncAltT Fiii FLAG I 1.50 1.50 1.50 1.50 
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u GIIDCAllT rm FLAG I 1.50 1.50 1.50 1.50 
RE GIIDCAllT Fii! FLAG I 1.50 1.50 1.50 1.50 
RE CiRIDCAllt Fii! FLAG I 1.50 1.50 1.50 1.50 
RE GIUDCART rm FLAG I 1.50 
RE CiRIDCAllt FIIE FLAG 9 1.50 1.50 1.50 1.50 """"*' RE GRillCART FIIE FLAG 9 1.50 1.50 1.50 1.50 
RE CiRIDCAllt FIIE FLAG 9 1.50 1.50 1.50 1.50 
RE GIIDCAllT FIRE FLAG 9 1.50 1.50 1.50 1.50 
RE Gllil>CART Fii! FLAG 9 1.50 1.50 1.50 1.50 
RE GlW>CART FIIE FLAG 9 1.50 
RE CiRIDCAllt FIIE FLAG 10 1.50 1.50 1.50 1.50 
RE Gllil>CART FIIE FLAG 10 1.50 1.50 1.50 1.50 
IE GIUJlCAllT FIIE FLAG 10 1.50 1.50 1.50 1.50 
u CiRIDCAllt rm FLAG 10 1.50 1.50 1.50 1.50 
I! CiRIDCAllt FIIE FLAG 10 1.50 1.SO 1.50 1.50 
RE CiRIDCAllt rm FLAG 10 1.50 
u CiRIDCAllt rm FLAG 11 1.50 1.50 1.50 1.50 
RE GIUDCART rm FLAG 11 1.SO 1.50 1.50 1.50 
RE CiRIDCAllt Fiii FLAG 11 1.50 1.50 1.50 1.50 
RE GIUDCART Fii! FLAG 11 1.50 1.50 1.50 1.50 
RE GRIDCART FIIE FLAG 11 1.50 1.50 1.50 1.50 
RE GIIDCAllT FIIE FLAG 11 1.50 
RE GRil>CART FIIE FLAG 12 1.50 1.50 1.50 1.50 
RE GRIDCAl.T FIIE FLAG 12 1.50 1.50 1.50 1.50 
RE GllDCAl.T FID FLAG 12 1.50 1.50 1.50 1.50 
RE GIUJlCAllT Fiii FLAG 12 1.50 1.50 1.50 1.50 
I! GRIDCART FID FLAG 12 1.50 1.50 1.50 1.50 
RE GllIDCAllT FID FLAG 12 1.50 
RE GIUDCART FID FLAG 13 1.50 1.50 1.50 1.50 
RE CiRIDCAllt rm FLAG 13 1.50 1.50 1.50 1.50 
RE GIUDCART Fiii FLAG 13 1.50 1.50 1.50 1.50 
RE GRIDCAl.T FIRE FLAG 13 1.50 1.50 1.50 1.50 
RE GRIDCAl.T Fiii FLAG 13 1.50 1.50 1.50 1.50 
RE Gllil>CART FIKE FLAG 13 1.50 
RE GRIDCAl.T Fiii FLAG 14 1.50 1.50 1.50 1.50 
RE GRil>CART FIRE FLAG 14 1.50 1.50 1.50 1.50 
RE GllIDCART FIRE FLAG 14 1.50 1.50 1.50 1.50 
RE GRil>CART FIRE FLAG 14 1.50 1.50 1.50 1.50 
RE GRil>CART FIE FLAG 14 1.50 1.50 1.50 1.50 
RE GIUDCART FIE FLAG 14 1.50 
RE GIUl>CART FIRE FLAG 15 1.50 1.50 1.50 1.50 
II! GRil>CART rm FLAG 15 1.50 1.50 1.50 1.50 
II! GIUl>CART FIRE FLAG 15 1.50 1.50 1.50 1.50 
RE GIUl>CART FIRE FLAG 15 1.50 1.50 1.50 1.50 
RE GRIDCAl.T FIRE FLAG 15 1.50 1.50 1.50 1.50 
RE GIUl>CART FID FLAG 15 1.50 
II! GIUl>CART FIRE FLAG 16 1.50 1.50 1.50 1.50 
RE GIUDC.\llT Fiii Pl.AG 16 1.50 1.50 1.50 1.50 
II! GIUJlCAllT rm FLAG 16 1.50 1.50 1.50 1.50 
II! GRIDCART FIRE FLAG 16 1.50 1.50 1.50 1.50 
11! GRIDCAR% FIRE Pl.AG 16 1.50 1.50 1.50 1.50 
RE GIUJlCAllT Fii! FLAG 16 1.50 
RE GllIDCART Fii! FLAG 17 1.50 1.50 1.50 1.50 
RE GIUDCART Fii! FLAG 17 1.50 1.50 1.50 1.50 
RE GIUDCART FIB FLAG 17 1.50 1.50 1.50 1.50 
RE CiRIDCAllt FIRE FLAG 17 1.50 1.50 1.50 1.50 
II! CiRIDCAllt FIRE FLAG 17 1.50 1.50 1.50 1.50 
RE GRIDCART Fii! FLAG 17 1.50 
II! GRIDCART Fii! FLAG 11 1.50 1.50 1.50 1.50 
II! GRil>CART FIIE FLAG 11 1.50 1.50 1.50 1.50 
RE CiRIDCAllt FIIE FLAG 11 1.50 1.50 1.50 1.50 
RE GRIDCARt Fii! FLAG 11 1.50 1.50 1.50 1.50 
II! GllIDCAllT Fiii FLAG 11 1.50 1.50 1.50 1.50 
11! GllIDCAllT Fiii FLAG 11 1.50 
RE GllIDCAllT rm FLAG 19 1.50 1.50 1.50 1.50 
RE CBlIDCAR1' Fiii FLAG 19 1.50 1.50 1.50 1.50 
II! GIUDCART rm FLAG 19 1.50 1.50 1.50 1.50 
II! caIIX'AllT rm FLAG 19 1.50 1.50 1.50 1.50 
II! CiRIDCAllt rm FLAG 19 1.50 1.50 1.50 1.50 
u CiRIDCAllt rm Pl.AG 19 1.50 
u camc:m rm FLAG 20 1.50 1.50 1.50 1.50 

.... , .. 



Air Dispersion Modeling 

U: GllUlCAllT PIH 
GIIl>CAaT FIB 
GllillCAllT FIB 
GllIDCA1lT FIB 

illt GllIDCAJlT FIB 
U: GIWICART PIH 
U: GRIDCART FIB 
U: GRIDCART FIB 
I! GllIDCAJlT FIB 
U: GRIDCAllT FIB 
I! GRIDCAJlT FIB 
RE GRIDCAltT FIB 
U: FIRISB!D 
HE STARTillG 

PUG 20 
PUG 20 
PUG 20 
FLAG 20 
FLAG 20 
FLAG 21 
PUG 21 
FLAG 21 
FLAG 21 
FLAG 21 
FLAG 21 
ERD 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

HE Ill'UTFIL C:\KJDELS\MET\CBD91.STR C7X,6F7.5) 
HE AIDllGllT 10. 000 HEl'DS 
HE SllRFDATA 11111 1991 CAllLSBAD 
HE UAIBDATA 11111 1991 
HE STARDATA AllRUAL 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

HE AV!SP!!D 1.00 2.25 4.05 6.55 9.25 12.50 
HE AVET!HPS AllRUAL 288.80 288.80 288.10 288.80 218.10 218.10 

1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 

HE AVEHIXBT AllllUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT AllllUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT AllllUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT AM11UAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT ARJrUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE AVEHIXBT A1111UAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00 
HE DTBETADZ A 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTl!ETADZ B 0.00 0.00 0.00 0.00 0.00 0.00 
H! DTB!TADZ C 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTB!TADZ D 0.00 0.00 0.00 0.00 0.00 0.00 
HE DTBETADZ E 0.01 0.01 0.01 0.01 0.01 0.01 
H! DTB!TADZ F 0.03 0.03 0.03 0.03 0.03 0.03 
HE FIRISB!D 
OU STARTIRG 

RECTABLE SRCGRP 
"1.XTABLE 10 SRCGRP 
i'LOTFIL! AllllUAL ALL C:\KJDELS\RH9PAOFG.GPB 70 

..i FINISHED 

*********************************** 
*** SETUP Finiahea Succeaafully *** ................................... 



Air Dispersion Modeling 

- ISCLT2 - VERSIOR 93109 *** ••• ~ CXllCDiiATIOlf AT TllE WIPP SI?! IOUIDA1lY (1991 Het. Data) 
***Fine a.capt.or Grid (5 X 511)/1000 11&/••3 Source Cane. <mnal•d rel.) 

••• tlJDELIIG Ol'TICRS USED: aB: 1lURAL !LEV FLGl'OL ... Kl>IL SETUP Ol'TICIS StllMRY ••• 

*"'Modal Ia Setup For Calculation of Averaa• CXllCentration Values. 

**Modal Uaea 1lURAL Dispersion. 

**Hodel Uaea Uaer-Specified Optiona: 
1. Final ll- RiH. 
2. St.eclc-t.ip Downwaab. 
3. Buoyancy-induced Dispersion. 
4. Default Wind Profile lzponent.e. 
5. Uaer-Specified Vertical Potential Temperature Gredianta. 

**Hodel Accept• l\ecept.ora on !LIV Terrain. 

**Hodel Accept• FLAGPOLE Receptor Baiabt.a. 

**Modal Calculate• 1 STAR Averaa•<•> for t.ba Fol.lawina Mont.ha: 
Seaaona/Quart.era: 

and Annual: 

**Data Fila IncludH 1 STAR S.-riea for t:.be Followina Mont.ha: 

**Thia llun Includes: 2 Source(a); 

Saaaona/Quart.ara: 
and Annual: 

1 Source Group(a); and 

**Th• Hodel Aaaumea A Pollutant Type of: MlY 

**Hodel Set To Continue JUJllnin& After t.b• Setup Teatina. 

•-output Options Selected: 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
1 

441 Racept.or(a) 

Hodel Output• TMlH of Long Term Values b)' Racept.or Cnx:TAIL! ~rd) 
Modal Output• TMlH of Hut.. Long Tarm Valuaa (tlAXTABL! ~rd) 
Hodel Output• !.xternal Fil•<•> of Long Tani Values for Plott.in& (PLOD'IL! ~rd) 

•*HJ.ac. Input.a: An-. &gt. <•> • 10.00 ; Dacar Coef. • .0000 Rot. Anal• - .o 
Emiaaion Unit.a • GllAMS/SIC lmiaaion Jlate Unit Fact.or • 
Output Unit• • HICROGIUKS/H**3 

••• 
••• 

.10000E+o7 

••Input llunatra11111 File: C:\KJDILS\19f91'AOPG.DAT •*Output Print Pila: C:\KJDILS\19f91'AOFG.LST 

04/11/95 
14:42:20 
PAGE 1 ........ 



Air Dispersion Modeling 

... ISCLT2 - ~ION 93109 ••• •- MAXDllH a&ERDIATIClf At !II! NIPP SITE IOUllDARY (1991 Het. Data) 
... Fina Receptor Grid (5 X 511)/1000 ..a.t.•3 Source Cone. <an&l•d rel.) 

... 
••• 

04/11/95 
14:42:20 
PAGE 2 

'* HOD!LillG OPTIONS USED: CC1C mDW. !L!V FLG10L 

1 
2 

SOURCE 
ID 

1'UHllER !HISSION RATE 
P.AllT. <USER URITS> 
CATS. 

0 
0 

.lOOOO!+DO 

.10000!+00 

US! st.Aa st.Aa st.Aa STACIC 
X Y !L!V. l!IGBT 1'DtP. EXIT VEL. DIAHETER 

<HETERS> CHETERS> <HETlllS> CHET!RS) CD!G.I:) CM/SEC) CHET!RS) 

.0 

.o 
.o 1039.4 

7.2 1039.4 
a.20 zaa.ao 
a.20 zaa.ao 

4.66 
4.66 

4.40 
4.40 

BUILDIRG EMISSIOR RATE 
EXISTS SCALAR V.AllY 

BY 

Y!S 
Y!S 



Air Dispersion Modeling 

*** ISCLT1 - V'!J"..SlOll ~~!~9 *** -• MAXDllM a.caTIA1'ICll AT ti! NIPP SID llCIUllDARY <1991 Met.. Dat.a> 
*** Filla lleoept.or Grid <5 X 511)/1000 ,..,.-3 Source C-c. <analed ral. > 

-• tl>DELIRG OPTIONS USED: COBC RUIAL !L!V FLGPOL 

-• SOUJICE ID• DD'IIIIG SOUJICE GIOUPS *** 

GROUP ID SOURCE IDa 

1 • 1 

*** 
*** 

04111195 
14:41:10 
PAGE ~,, 



Air Dispersion Modeling 

*** ISCLT2 - V!RSIOll 93109 *** - MXDllt c:mcmmtATICll AT tB! WIPP SitE IOUMWlY (1991 Het. Data) ••• 04/11/95 
- fine .. cept.or Grid <' X ~)/1000 ,,.1.·3 Source Cone. (angled rel. ) ••• 14 :"2:20 

PAGE 4 
' KX>ELIIG OPTIOllS USED: CCRC :RlDW. !LIV FLG1'QL 

*** DDl!CTICll sncmc IUILDIIG DIH!ISIOKS ••• 

SOURCE ID: 1 
IFV IB IW WAX Irv IB IW WAX IFV IB IW WAX IFV BB BW WAX 

l 10.4, 2.3, 0 2 .o, .o, 0 3 .o, .0, 0 4 .0, .o, 0 
5 .0, .o, 0 6 .o, .o, 0 7 .o, .o. 0 8 3.8, l.3, 0 
9 .o. .0, 0 10 10.4, 2.8, 0 11 .o. .o, 0 12 .o, .0, 0 

13 .o, .o, 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.l, 13.2, 0 

SOURCE ID: 2 
IFV BB BW WAX Irv IB IW WAX Irv IB IW WAX IFV BB BW WAK 

1 3.5, 1.1, 0 2 .0, .o, 0 3 .o, .0, 0 4 .o, .o, 0 
5 .0, .o, 0 6 .o, . o, 0 7 .0, .o • 0 8 3.8, 1.3, 0 
9 .0, .0, 0 10 10.4, 2.8, 0 11 .0, .o. 0 12 .o, .0, 0 

13 .o. .0, 0 14 6.1, 8.9, 0 15 6.1, 9.9, 0 16 6.l, 13.2, 0 



· Air Dispersion Modeling 

••• ISCLT2 - VEISIClf 93109 ... - HAXDl.1H aa:zatJIATICI AT TIE WIPP sm IOUlmAll! <1991 Met.. Dat.a> 
- Fine Receptor Grid (5 X 511)/1000 ,..,.-3 Source Cone. <analad ral.) 

... t«IDELIIG omOllS USED: CCIC RURAL ELEV FLGPOL 

-42.0, 
1.0, 

51.0, 

2976.9, 
3026.9, 
3076.9, 

-37.0, 
13.0, 

2911.9, 
3031.9, 

... nnax m: rm ; llZn«llX TYPE: GRIDCAJlT ••• 

-32.0, 
11.0, 

2916.9, 
3036.9, 

- X-comlDillAT!S OF GRID ... 
<M!T!RS> 

-27.0, 
23.0, 

2991.9, 
3041.9, 

-22.0, 
21.0, 

2996.9, 
3046.9, 

-17.0, 
33.0, 

3001.9, 
3051.9, 

-12.0, 
31.0, 

3006.9, 
3056.9, 

-7.0, 
43.0, 

3011.9, 
3061.9, 

-2.0, 
48.0, 

3016.9, 
3066.9, 

••• 
••• 

3.0, 
53.0, 

3021.9, 
3071.9, 

04/11/95 
14:42:20 
PAGE ~· 



Air Dispersion Modeling 

... ISC1.T2 - V!RSIOlf 93109 ... ... MAXIMllf CDilCERliATIOlf AT TD Wil'1' SIT! JIOIJIDAllY (1991 Het. Data) ... 04/11/95 
... Pine aecept.or Grid (5 X 511)/1000 11&/•-3 Source Cone. (angled rel.) ••• 14:42:20 

l'.AGE 6 
ta>!LDG Ol'TIORS USED: COllC IUJIW. !L!V FLGl'OL 

-~m:nn ; ~ TYl'!: GRIDCAR.T ... 

• !L!VATIOlf B!IGllTS Ill H!TDS • 

Y-COCIU> I X-<XICIU> CH!TDS) 
(HET!RS) -41.97 -36.97 -31.97 -26.97 -21.97 -16.97 -11.97 -6.97 -1.97 

- - -- -- -- - - - - - - - - - - - - - - - - - -- - - -- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
3076.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3071.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3066.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3061.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3056.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3051.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3046.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3041.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3036.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3031.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3026.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3021.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3016.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3011.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3006.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3001.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
2996.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
2991.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
2986.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
2981.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
2976.94 1042.42 1042.42 1042.42 1042'.42 1042.42 1042.42 1042.42 1042.42 1042.42 

ADll-171 



Air Dispersion Modeling ---· --~-------------------------
-• ISCLT2 - 'VERSICll 93109 •- - MAXDUt CCICEll!IJ.TICll AT TBE WIPP sm IOUllDAar (1991 Het.. Dat.a) ·- 04/11/95 

-• Fi- bcr.tst.or COrid <5 X !loo)/luGU ,,ra/a-3 Source Cone. <anal.eel rel.) ••• 14:42:20 
PAGE 7. 

••• t«>DELIRG OPTIOHS USED: CQIC IUllW. ELEV FLGPOL 

-• RE1'ICllX ID: FI& ; llEnaJC TYPE: GRIDCAll.T *** 

• ELEVATIOI BEIGBTS II METERS * 

Y-COORD X-CCCllD <METERS> 
<METERS> 3.03 8.03 13.03 18.03 23.03 28.03 33.03 38.03 43.03 ------- ------- - -- - - -- - - - - - - - - - - -- - - - - - - - - - - - - - -
3076.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3071.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3066.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3061.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3056.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3051.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
3046.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
3041.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
3036.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042. 42 
3031.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3026.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
3021.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
3016.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
3011.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.• 2 
3006.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
3001.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 
2996.911 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
2991.911 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
2986.94 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
2981.911 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.•2 
2976.911 1042.42 1042.42 1042.42 1042.42 10112.42 1042.42 1042.42 1042.42 1042. •·2 

ADll-172 



Air Dispersion Modeling 

... ISCLT2 - VERSION 93109 ... ... HAXDUf CXllCDTIATIDI AT Tl! WIPP SIT! llOUIDARY (1991 Met.. Oat.a) 
... Plll• a.ceptor Grid CS X ~)/1000 ,,g/m·3 Source Cone. <aaled rel.> 

IG>!LI1'G OPTIDIS USED: COBC JUDW. !LIV PLG!'OL 

... l!t'WCltl m: rm ; m:nmt T?P!: GRIDCART ... 

• !LIVilIDI B!IGBTS IJ ttn!IS • 

Y-COORD I 
(H!TERS) 

x-axm> CH!TERS> 
48.03 53.03 58.03 

••• 
••• 

04/11/95 
14:42:20 
PAGE 8 

- - - - -- - - - - - - -- - - - - - - -- -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3076.94 1042.42 1042.42 1042.42 
3071.94 1042.42 1042.42 1042.42 
3066.94 1042.42 1042.42 1042.42 
3061.94 1042.42 1042.42 1042.42 
3056.94 1042.42 1042.42 1042.42 
3051.94 1042.42 1042.42 1042.42 
3046.94 1042.42 1042.42 1042.42 
3041.94 1042.42 1042.42 1042.42 
3036.94 1042.42 1042.42 1042.42 
3031.94 1042.42 1042.42 1042.42 
3026.94 1042.42 1042.42 1042.42 
3021.94 1042.42 1042.42 1042.42 
3016.94 1042.42 1042.42 1042.42 
3011.94 1042.42 1042.42 1042.42 
3006.94 1042.42 1042.42 1042.42 
3001.94 1042.42 1042.42 1042.42 
2996.94 1042.42 1042.42 1042.42 
2991. 94 1042.42 1042.42 1042.42 
2986.94 1042.42 1042.42 1042.42 
2981. 94 1042.42 1042.42 1042.42 
2976.94 1042.42 1042.42 1042.42 



Air Dispersion Modeling 

••• ISCLT2 • V!RSIOR 93109 ••• •- HAXDllM CXMCDi:U.TIOR AT TllE NII'!' SITE ICIUllDAllY Ut91 Met.. Dat.a> ·- 04/11/95 
*- Fine Recept.or Grid C5 X 511)/1000 11&/••3 Sollrce CoDc:. Caaaled rel.> ••• 14:42:20 

PAGE 9,,,.1 ~ 

••• HJDELIRG OPTIORS USED: ex-= RURAL !LIV FLGPOL 

-• RE'IWCIUC ID: FIIE ; REtwCIUC TYPE: GIIDCART -• 

* ll!CEPTtll FLAGPOLE BEIGB?S IR METIRS * 

Y·COORD X·CCCIU> (METJRS) 
CHETERS) -41.97 -36.97 -31.97 -26.97 -21.97 -16.97 -11.97 -6.97 -1.91 - - - - - - - - - - - - ------ ------- - - - - - ------- ------ - - - - - ------
3076.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3071.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3066.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3061.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3056.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3051.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3046.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3041.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3036.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3031.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3026.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3021.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.5:1 
3016. 94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.5!1 
3011.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3006.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3001.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2996.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2991.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2986.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2991.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2976. 94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

ADll-t74 



Air Dispersion Modeling 

... ISC.TZ - V!RSIDM 93109 - - ltAIDUI cta:EliiiATIDM AT TB! WIPP SITE llClUllDAll'f (19'1 Het.. Dat.a) ••• 04/11/95 
- Pill• a.capt.or Grid (S X 59)/1000 ,,.111·3 Source Cone. < Q5led rel. > ••• 14:42:20 

PAGE 10 
• ta>ELI1'G DPTIOIS USED: CCIC 1WL\L ELEV FLGPOL 

- ll!TWClll m: PD! ; ll!TWClll TYPE: GRIDCAllT ... 

* ll!C!PTtll 1'LAGPCLE BEIGBTS D METERS * 
Y-COORD I X-caclU> <METERS) 
(HET!RS) 3.03 8.03 13.03 18.03 23.03 28.03 33.03 38.03 43.03 - - - - - -- - - - - - - - - - -- - - - --- --- - - - - - - - - ----- - -- - - - - - - - - - - - - - - - - - - - - - - -
3076. 94 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1.50 1 . .50 1.50 
3071.94 1 • .50 1 • .50 1 • .50 1 • .50 1.50 1 • .50 1 . .50 1 . .50 1.50 
3066.94 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1..50 1 • .50 1..50 1.50 
3061.94 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1 • .50 1 . .50 1.50 
3056.94 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1..50 1 • .50 1.50 1.50 
3051.94 1..50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1 . .50 1.50 
3046.94 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1.50 
3041. 94 1 . .50 1 . .50 1 • .50 1..50 1 • .50 1.50 1.50 1.50 1.50 
3036.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
3031.94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1 • .50 1.50 
3026.94 1.50 1.50 1 . .50 1 . .50 1.50 1.50 1.50 1.50 1.50 
3021.94 1.50 1 . .50 1.50 1.50 1 • .50 1.50 1.50 1.50 1.50 
3016.94 1 . .50 1 • .50 1.50 1.50 1.50 1 • .50 1 • .50 1.50 1.50 
3011.94 1 • .50 1 • .50 1.50 1.50 1 • .50 1.50 1.50 1.50 1.50 
3006.94 1.50 1 • .50 1.50 1.50 1.50 1 • .50 1.50 1.50 1.50 
3001. 94 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 
2996.94 1.50 1.50 1.50 1.50 1 • .50 1..50 1.50 1.50 1.50 
2991.94 1 . .50 1 • .50 1 • .50 1.50 1 • .50 1 • .50 1.50 1.50 1.50 
2986.94 1 . .50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1 • .50 1.50 1.50 
2981.94 1.50 1.50 1 • .50 1.50 1.50 1 • .50 1 • .50 1.50 1.50 
2976.94 1 • .50 1 • .50 1 • .50 1 • .50 1 . .50 1 • .50 1 • .50 1 . .50 1.50 

~171 



Air Dispersion Modallng 

-• ISCLTZ - VEllSICll 93109 ... ... MAXnat ctR::illilATIOI AT TllE WIPP snz llCUlllWlY (1991 Met.. D•ta> 
***Fine Receptor Grid (5 X 5-)/1000 14/••3 Source Cone. Canaled rel.) 

••• tl>DELIRG OPTIORS USED: CDllC llllRAL ELEV FLG!'OL 

Y-COCJRD 
<METERS> 48.03 

... 1!11«111: m: Fii! 

• llC!Pl'Cll n.AGPOU BEIGITS Ill METERS * 

53.03 58.03 

. ... 
••• 

04/11195 
14:42:20 
PAGE 11· 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

3076.94 
3071.94 
3066.94 
3061.94 
3056.94 
3051.94 
3046.94 
3041.94 
3036.94 
3031.94 
3026.94 
3021.94 
3016.94 
3011.94 
3006.94 
3001.94 
2996.94 
2991.94 
2996.94 
2981.94 
2976.94 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 



Air Dispersion Modeling 

••• ISCLTZ - V!RSIOR 93109 •** *** ttAXItllf CCIC!ii!RATIOR AT TB! WI!'P SIT! llCIUllWlY (1991 Met.. Oat.a) 
***Fina a.captor Grid C.5 X "9)/1000 o1111m•3 Source Cone. Canaled ral.) 

... ... 
• la>ELI1'G OPTIORS USED: CXllC JUlllAL EL!V FLGl'OL 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

STABILITY 
CATEGORY 

A 
B 
c 
D 
E 
F 

AIOOJAL 

... AVERAGE SPEED FOR EACH WillD SPEED CATEGORY ••• 
CHETER.s/S!C) 

1 
.70000!-01 
.70000!-01 
.100001+oo 
.15000l+o0 
.350001+o0 
.55000l+o0 

1 
.OOOOOl+DO 
.OOOOOl+oO 
.OOOOOl+DO 
.000001+00 
.100001-01 
.300001-01 

1.00, 2.2.5, 4.0.5, 6.!1.5, 9.2.5, 12.!IO, 

••• WI1D PROFILE EXKtiiilS ... 

WI1D SPEED CAT!GCRY 
2 

.700001-01 

.700001-01 

.lOOOOl+oO 

.15000l+o0 

.35000l+o0 

. .55000!+00 

3 
.70000!-01 
.700001-01 
.lOOOOE+oO 
.15000E+o0 
.350001+00 
.5.5000E+o0 

4 
.70000!-01 
.700001-01 
.lOOOOE+oO 
.15000l+o0 
.35000E+o0 
.550001+o0 

*** 'VERTICAL l'OTDTUL TDtPERATUll GRADIEllTS *** 
CD!GR!IS m.VIB PIR HET!ll) 

WIRD SPEED CAT!GCllY 
2 3 4 

.OOOOOl+oO .OOOOOl+oO .OOOOOl+oO 

.OOOOOl+oO .OOOOOl+oO .OOOOOl+oO 

.OOOOOl+oO .OOOOOl+DO .OOOOOl+oO 

.OOOOOl+oO .OOOOOl+oO .OOOOOl+oO 

.100001-01 .100001-01 .100001-01 

.300001-01 .300001-01 .30000E-01 

*** AV!RAGE AMBI!IT AIR DMPEllATUll cm.VD) **• 

STABILITY STABILITY STABILITY STABILITY STABILITY 
CAT!GCllY A CAT!GCllY B CAT!OCRY C CAT!GCllY D CAT!GCllY E 

218.1000 211.1000 281.1000 281.1000 211.1000 

ADM-177 

5 
.700001-01 
.70000E-01 
.lOOODE+oO 
.l!IOOOl+DO 
.35000E+o0 
.55000E+OO 

5 
.OOOOOE+oO 
.OOOOOl+oO 
.OOOOOl+DO 
.OOOOOE+oO 
.100001-01 
.300001-01 

STABILITY 
CATEGCllY F 

211.1000 

6 
.700001-01 
.70000!-01 
.lOOOOE+OO 
.15000!+00 
.3.5000!+00 
.55000!+00 

6 
.OOOOOE+OO 
.OOOOOE+OO 
.OOOOOE+oO 
.OOOOOE+OO 
.lOOOOE-01 
.30000!-01 

04/11/95 
14:42:20 
PAGE 12 



Air Dispersion Modeling 

*** ISCLT2 - VEISIOll 93109 ... ... MAXDIJH CCllCDtRATIOIC A'l TIE WIPP srn: llOUllWtY (1991 Met. Data) 
*** Fina a.captor Grid (5 X 511)/1000 ..a1m·3 Saw:oa Cane. C-alad ral. > 

••• ta>ELIBG OPrIORS USED: COIC RURAL ELEV FLGl'OL 

*** AVllAGE HIXI1'G LAY!ll. B!IGBT (H!T!RS) ... 

ADUAL 
WDD Sl'EED Wilm Sl'EED WIRD Sl'EED Wilm Sl'EED WIID Sl'EED WIRD S!E!I> 
CATIOCllY 1 CAtmeaY 2 CAT!GmlY 3 CAT!GCllY 4 CADOCllY 5 CATEGORY 6 

STABILITY CATZGmY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CA'l'!GORY I 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CA'l'!GORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CA'l'!GORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAT!GORY ! 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 
STABILITY CAt!GCRY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 

ADll-171 
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Air Dispersion Modeling 

• ..,. ISCLT2 • V!ISICI 93109 .... .... HAXDllt CONCEidiATICI AT m NIPP sm IOUllDAllY (1991 Het. Data) ••• 04/11/9S 
.... Fin• Receptor Grid (5 I ~)/1000 141••3 Source Cone. <anal•d rel.> ••• 14:42:20 

PAGE 14 
ta>ILIJIG OPTIOlfS USED: CONC RUiAL !LIV FLGl'OL 

.... FllEOODCY OF OCCUDDCE OF WIRD Sl'DD, DIUCTICI AID STABILm .... 

FILE: C:\M:JD!LS\H!T\CID91.STJl FCllHAT: (71,6F7.5) 
SURFACE STATIOH RO.: 11111 UPl'IR Aill STATICI RO. : 11111 

RAHE: CARLSIAD RAHE: UBROWI 
YEAR: 1991 YEAR: 1991 

AllUAL: STABILITY CATIGCllY A 

WIRD SPEED WIRD Sl'DD WIIUl SPEED WIRD Sl'DD WIIUl Sl'DD WIIUl SPEED 
CATEGCllY 1 CATIGCllY 2 CATmY 3 CATZaaRY 4 CArmc:at 5 CATIGCllY 6 

DIUCTICI C 1.000 HIS) C 2.250 HIS) C 4.050 HIS) ( 6.550 H/S) ( 9.250 HIS) (12.500 HIS) 
<DEGREES) ----------- ----------- ----------- ---------- ---------- -----------.ODO .00010000 .00059000 .00000000 .00000000 .00000000 .00000000 

22.500 .00018000 .00106000 .00000000 .00000000 .00000000 .00000000 
4!5.000 .00027000 .00082000 .00000000 .0:000000 .00000000 .00000000 
67.!500 .00020000 .00035000 .00000000 .00000000 .00000000 .00000000 
90.000 .00027000 .00082000 .00000000 .00000000 .00000000 .00000000 

112.!500 .00025000 .00070000 .00000000 .00000000 .00000000 .00000000 
13!5.000 .0004!5000 .00106000 .00000000 .00000000 .00000000 .00000000 
157.500 .00037000 .00141000 .00000000 .00000000 .00000000 .00000000 
180.000 .00022000 .00047000 .00000000 .00000000 .00000000 .00000000 
202.500 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000 
225.000 .00008000 .00047000 .00000000 .00000000 .00000000 .00000000 
247.500 .00014000 .00000000 .00000000 .00000000 .00000000 .00000000 
270.000 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000 
292.500 .00014000 .00000000 .00000000 .00000000 .00000000 .00000000 
31!5.000 .00006000 .00035000 .00000000 .00000000 .00000000 .00000000 
337.500 .00002000 .00012000 .00000000 .00000000 .00000000 .00000000 

AllUAL: STABILITY CADIDlY I 

WIRD SPEED WIRD SPEED WIIUl SPEED WIIUl SPEED WIIUl SPEED WIIUl SPUD 
CATEGORY 1 CATEGORY 2 CATIGCRY 3 CATmCRY 4 CArmta! 5 CATIGCRY 6 

DIRECTION ( 1.000 H/S) ( 2.250 H/S) ( 4.050 HIS> C 6.550 HIS) < 9.250 HIS) <12.500 HIS) 
(DEGREES) ----------- ----------- ----------- ----------- ----------- -----------.000 .001!52000 .00211000 .00129000 .00000000 .00000000 .00000000 

22.500 .00115000 .00211000 .00106000 .00000000 .00000000 .00000000 
45.000 .00090000 .00223000 .00164000 .00000000 .00000000 .00000000 
67.500 .00107000 .00282000 .00082000 .00000000 .00000000 .00000000 
90.000 .00114000 .00388000 .00117000 .00000000 .00000000 .00000000 

112.500 .00086000 .00341000 .00111000 .00000000 .00000000 .00000000 
135.000 .00190000 .00623000 .00294000 .00000000 .00000000 .00000000 
157.500 .00206000 .00634000 .005HOOO .00000000 .00000000 .00000000 
180.000 .00156000 .00458000 .00446000 .00000000 .00000000 .00000000 
202.500 .00034000 .00129000 .00070000 .00000000 .00000000 .00000000 
225.000 .00021000 .00129000 .00023000 .00000000 .00000000 .00000000 
247.500 .00031000 .00012000 .00023000 .00000000 .00000000 .00000000 
270.000 .00116000 .00047000 .00059000 .00000000 .00000000 .00000000 
292.500 .00017000 .00059000 .00000000 .00000000 .00000000 .00000000 
315.000 .00015000 .00035000 .00012000 .00000000 .00000000 .00000000 
337.500 .00052000 .00023000 .00047000 .00000000 .00000000 .00000000 



Air Dispersion Modeling 

-• IICLTZ • 'V!RSICll 93109 ,... ,... HAXD11H CX&UlllATICll Ar Tl! WIPP SITZ IOUllDAJlf UHl Met.. Oat.a) 
,... Pilla a.capt.or Grid (5 X 511)/1000 11at••3 Source Cone. <analad rel.) 

•- tCD!LillG O!TICllS USED: CXlllC mnw. ELEV l'LG1'0L 

,... FUQUDCY OF OCCU1Ul!ltC! OF WI1ID SP!ED, DDICTICll AID STAIU.ITY ,... 

PILZ: C:\tCD!LS\H!T\CID91.SD rmHAT: (7X,6P7 .5) 
SURFACE STATICll JIO.: 11111 U1'1'lll AD STATICll 1'0. : 11111 

RAH!: CARLSBAD RAH!: lJIDCWI( 

YEAR: 1991 YEAR: 1991 

ADUAL: STAIILITT CATIODU c 

WI1'D SP!ED WI1ID SP!ED WI11D SPIED WIID SPIED WIID SPIED WI1ID SPIED 
CADGCRY 1 CA1'11Dlt 2 CA'llDC&T 3 CADDCU 4 CAnacaT 5 CA'llDC&T 6 

DDICTICB ( 1.000 HIS) ( 2.250 HIS) C 4.050 HIS) C 6.550 HIS> < 9.250 HIS) (12.500 HIS> 
CDEGR!ES) ----------- ----------- ---------- ---------- ------ --------

.000 .00115000 .00305000 .00517000 .00106000 .00012000 .00000000 
22.500 .00036000 .00211000 .00294000 .00012000 .00000000 .00000000 
45.000 .00037000 .00223000 .00141000 .00023000 .00000000 .00000000 
67.500 .00052000 .00212000 .00106000 .00000000 .00000000 .00000000 
90.000 .00037000 .00235000 .00223000 .00035000 .00000000 .00000000 

112.500 .00042000 .00317000 .003HOOO .00047000 .00023000 .00000000 
13.5.000 .00051000 .00399000 .00193000 .00294000 .00000000 .00000000 
1'7 . .500 .00027000 .00505000 .01410000 .00251000 .00012000 .00000000 
110.000 .00062000 .00470000 .01011000 .00258000 .00012000 .00012000 
202.500 .00017000 .00012000 .00141000 .00047000 .00000000 .00012000 
22.5.000 .00030000 .00094000 .00106000 .00012000 .00012000 .00000000 
247.500 .00028000 .00059000 .00153000 .00164000 .00047000 .00012000 
270.000 .00040000 .00059000 .00200000 .00270000 .00223000 .00070000 
292.500 .00078000 .00070000 .00129000 .00070000 .00012000 .00023000 
315.000 .00069000 .00141000 .00153000 .00012000 .00000000 .00000000 
337.500 .00023000 .00200000 .00211000 .00035000 .00012000 .00000000 

ADUAL: STAllILm CAtmell? D 

WI1'D SP!ED WIKD SP!!D WI1ID SP!!D WIID SP!!D WI1ID SP!!D WIID SP!!D 
CATEGORY 1 CAT!XDY 2 CAtmellY 3 CADDCllt 4 CAtmaRt 5 CAT!Dlll! 6 

DIRECTION C 1.000 HIS) C 2.250 HIS> C 4.050 HIS) ( 6.550 HIS) C 9.250 HIS) (12.500 HIS) 
CDEGUES> ----------- ----------- ----------- ----------- ----------- -----------.000 .00134000 .00564000 .01304000 .01527000 .00200000 .00035000 

22 • .500 .00074000 .00611000 .00493000 .00364000 .00035000 .00000000 
45.000 .00065000 .00505000 .00411000 .00223000 .00023000 .00000000 
67.!IOO .00082000 .00311000 .00576000 .00223000 .00000000 .00012000 
90.000 .00138000 .004!18000 .00505000 .00211000 .00035000 .00000000 

112.!IOO .00063000 .00470000 .00529000 .00317000 .00047000 .00023000 
135.000 .00049000 .00623000 .00904000 .01386000 .00212000 .00012000 
1!17.!100 .0007!1000 .00623000 .02115000 .01903000 .00118000 .00023000 
180.000 .00101000 .00717000 .01797000 .01269000 .000!19000 .00012000 
202.!IOO .00040000 .00111000 .00411000 .00451000 .00129000 .00035000 
22.5.000 .00031000 .00164000 .00317000 .00311000 .00164000 .00035000 
247 . .500 .00046000 .00106000 .00435000 .01269000 .0030!1000 .00223000 
270.000 .00065000 .00176000 .00646000 .02714000 .01457000 .00916000 
292.!IOO .00049000 .00294000 .00317000 .00921000 .00317000 .00164000 
31.5.000 .00091000 .00352000 .00670000 .00634000 .00012000 .00023000 
337 . .500 .00093000 .00376000 .0097!1000 .01410000 .00270000 .00035000 

*** ·- 04/11/U· 
14:42: 
PAGE ~ 



Air Dispersion Modeling 

._ ISCLT2 - V!RSIOlf 93109 ._ ._ MAXn11t CUHCDlllArIOlf A'! m WIPP SITE IOU1IDAR? C1991 Het.. Data) 
._Pina a.capt.or Grid CSX 5111)/1000 M&/•·3 Source Cane. Canaled rel.l 

'* talELIIG OPTIORS USED: COllC 1WIAL ELEV FLGPQL 

DIIECTIOR 
<DEGREES) 

.000 
22.500 
45.000 
67 .500 
90.000 

112.500 
135.000 
157.500 
180.000 
202.500 
225.000 
247.500 
270.000 
292.500 
315.000 
337.500 

DIRECTION 
(DEGREES) 

.000 
22.500 
45.000 
67.500 
90.000 

112.500 
135.000 
157.500 
1110.000 
202.500 
225.000 
247.500 
270.000 
292..500 
315.000 
337.500 

*** FJt!OU!1ICY OF OCCUIR!lfC! OF wnm SP!!D, DIR!CTIOlf AID STABILm ·-

FILE: C:\KJDELS\HET\CID91.Stll 
SURF.ACE STATIOll IO.: 11111 

RAHE: CARLSBAD 
YEAll: 1991 

FCllHAT: C7X,6F7.5) 
UPPIR AD STATIOll IO.: 11111 

RAHE: UllJCHCMI 
YUR: 1991 

ARKUAL: STABILITY CAT!GCIRY I 

WIID SPEED WIID SPEID WIID SP!ID wnm SP!ID Wiim SP!ID wnm SP!ID 
CATIGCllY 1 CATIGCllY 2 CATIGCltY 3 CATIGCllY 4 CATEGCllY 5 CATIGCll.Y 6 

C 1.000 MIS) C 2.250 MIS) C 4.050 MIS) C 6.550 MIS> C 9.250 MIS> <12.500 MIS> 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00470000 

.00200000 

.00223000 

.00200000 

.00223000 

.00305000 

.00411000 

.00705000 

.00975000 

.00411000 

.00247000 

.00311000 

.00576000 

.00470000 

.00311000 

.00270000 

.00611000 

.00200000 

.00141000 

.00106000 

.00094000 

.00106000 

.00341000 

.00975000 

.01809000 

.00916000 

.00646000 

.01010000 

.01797000 

.01081000 

.00634000 

.00458000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADUAL: STABILITY CAT!GCllY P 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

WIND SPEED WIRD SPIED WIRD SPEED Wiim SP!ID WIIU> Sl'!!D Wiim SPIED 
CATEGCllY 1 CATEGCBY 2 CAT!OCllY 3 CAT!OCllY 4 CAT!OCllY 5 CA'!IOCaY 6 

C 1.000 H/S) C 2.250 MIS) C 4.050 MIS) ( 6.550 MIS) ( 9.250 MIS> (12.500 MIS) 

.00407000 

.002311000 

.00137000 

.00193000 

.002411000 

.00159000 

.00319000 

.00544000 

.005611000 

.00352000 

.00358000 

.00376000 

.00579000 

.00469000 

.002111000 

.00281000 

.001158000 

.00446000 

.00258000 

.00176000 

.00305000 

.00552000 

.00564000 

.01339000 

.02408000 

.00951000 

.00893000 

.01151000 

.01'15000 

.01480000 

.00904000 

.00693000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

s~ at Fll!QUDCill, nmAL • 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.99990 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

ADll-111 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

.00000000 

••• 
*** 

04/11/95 
14:42:20 
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Air Dispersion Modeling 

- JSCL'f2 - VDSJOll 93109 - - HAXDUt QACUmATJOll At Tiii Nin SITZ BOUllDaY Uttl Met.. Dat.a> ••• 04/11/'5 
- Filla Reoept.or Grid (5 X 5-)/1000 .. 1.·3 Source Colle. <analed rel.) .... U:42:2Q 

1'.AGE ,, ' 

-• ta>ELJllG OPrJOllS USED: cc-= llJIW. ELEV FJ.GllQL 

- tll! ADUAL AV!llMJ! CtJRCEliiRAtJQI VAUllS l'Cll SOURCE GllCU1': ALL -JICLUDJIG SOUJICICS): l • 2 

-• 1!1'«1tE ID: FIJI! ll!:nlllE TR!: GRIDCA1l% -· 

- allC OF d'l IR HJCllQGRAHSJH*•3 ... 
Y-COCIU> X-axm> Cta:?llS) 
(ME'fDS) -41.97 -36.97 -31.97 -26.97 -21.97 -16.97 -11.97 -6.97 -1.97 - - ---- - - - - - - - ------ - - - --- - -- - - -- - - - - - - - - - - ------
3076.94 .102191 .102211 .102364 .102447 .102529 .102610 .1026~1 .102775 .102139 
3071.94 .102415 .1024tt .102512 .102664 .102745 .102129 .102901 .102994 .103058 
3066.94 .102633 .102716 .102100 .102112 .102966 .103047 .103121 .103210 .103278 
3061.94 .102151 .102935 .103019 .103102 .103114 .103267 .103349 .103431 .103499 
3056.94 .103070 .103154 .103239 .103323 .103406 .103411 .103510 .103641 .103720 
3051.94 .103290 .103375 .103459 .103543 .103626 .103709 .103793 .103170 .103943 
3046.94 .103511 .103595 .103610 .103764 .103149 .103931 .104014 .104094 .104166 
3041.94 .103732 .103111 .103902 .103916 .104070 .104155 .104231 .104311 .104390 
3036.94 .103954 .104040 .104126 .104209 .104296 .104371 .104460 .104543 .104615 
3031.94 .104177 .104264 .104350 .104435 .104519 .104602 .104616 .104761 .104840 
3026.94 .104401 .104411 .104513 .104660 .104744 .104129 .104912 .104995 .105067 
3021.94 .104626 .104714 .104799 .104115 .104970 .105054 .105140 .105222 .105294 
3016.94 .104152 .104939 .105026 .105111 .105197 .105212 .105361 .105450 .105522 
3011.94 .105071 .105165 .105252 .105331 .105424 .105510 .105594 .105679 .105751 
3006.94 .105305 .105393 .105410 .105567 .105651 .105131 .105122 .105909 .105911 
3001.94 .105534 .105623 .105710 .105191 .105114 .105970 .106054 .106141 .106213 
2996.94 .105765 .105154 .105942 .106029 .106115 .106202 .106211 .106315 .106446 
2991.94 .105991 .106016 .106115 .106262 .106350 .106435 .106523 .106610 .106611 
2916.94 .106231 .106321 .106409 .106496 .106513 .106611 .106759 .106146 .106'17 
29111.94 .106465 .106554 .106643 .106731 .106120 .106906 .106993 .1070113 .10 
2976.94 .106700 .106790 .106179 .106967 .107055 .107142 .107221 • 107316 • ' 

ADll-112 



Air Dispersion Modeling 

··• ISCLTZ - VERSIOB 93109 -• - HAXnO! CXMCEHIIATIOB AT TllE WIPP SIT! IOUIDARY (1991 Het. Oat.a> *** 04/1119.S 
- Fine Receptor Grid C.S I Sm)/1000 11&/•A3 Source Cone. Canaled rel.> *** 14:42:20 

PAGE 18 
' tllDELDG OPTIOBS US!D: CCICC amw. ELEV FLGPOL 

-• TllE ARllUAL A'V!IUGE COICEIBATIOB VALUES !'tll SOURCE GROUP: ALL ••• 
IKCLtmIRG SOURCE CS>: 1 • 2 

·- 1'E1'ICIUI: m: FIR! ; ~TYP!: 
GRIDCAJlT -

•• COIC OF Mf'l II HICROGIAMSIH**3 ** 

Y-CCCIU> I X·ClXl1D CM!TllS) 
<METERS> 3.03 8.03 13.03 11.03 23.03 28.03 33.03 38.03 43.03 
- - - - - - - - - - - - - - -- - ---- - - - - - - - - - - - - - - -
3076.94 .102737 .102489 .102243 .101997 .101749 .101503 .10125.S- .101007 .100760 
3071.94 .102956 .102707 .102461 .102212 .101965 .101716 .101469 .101220 .100971 
3066.94 .103176 .102926 .102677 .102428 .102180 .101931 .101682 .101432 .101183 
3061.94 .103396 .103146 .102894 .102647 .102396 .102146 .101897 .101646 .101396 
3056.94 .103617 .103366 .103114 .102864 .102614 .102363 .102111 .101860 .101609 
3051.94 .103839 .103588 .103335 .103083 .102831 .102581 .102328 .102076 .101823 
3046.94 .104062 .103810 .103556 .103302 .103052 .102798 .10254.S .102292 .102038 
3041.94 .104286 .104029 .103776 .103524 .103270 .103016 .102763 .102507 .102253 
3036.94 .104510 .104253 .103999 .103745 .103489 .103235 .102981 .102725 .102469 
3031.94 .10473.S .104473 .104221 .103966 .103712 .103455 .103199 .102943 .102686 
3026.94 .104961 .104699 .104446 .104190 .103932 .103676 .103419 .103161 .102904 
3021.94 .105188 .104925 .104671 .104413 .104157 .103891 .103640 .103382 .103123 
3016.94 .10.5416 .105152 .104895 .104637 .104379 .104120 .103861 .103602 .103342 
3011.94 .105644 .105380 .105122 .104862 .104602 .104343 .104083 .103823 .103562 
3006.94 .105874 .105608 .105341 .105090 .104129 .104568 .104306 .104046 .103713 
3001.94 .10610.S .10.5839 .105578 .105317 .105055 .104794 .104532 .104269 .104007 
2996.94 .106339 .106072 .105810 .105547 .105286 .105022 .104758 .104495 .104232 
2991.94 .106573 .106306 .106043 .105778 .105515 .105251 .104986 .104722 .104458 
2986.94 .106809 .106541 .106275 .106011 .105745 .105481 .105216 .1049.SO .104684 
2981.94 .10704.S .106776 .106507 .106244 .105978 .105711 .105446 .105179 .104911 
2976.94 .107282 .107013 .106743 .106477 .106210 .105943 .105676 .105409 .105140 

~113 



Air Dispersion Modeling ---------------------··-·----------------------
*** ISCLT2 - VEISICll 93109 ••• ••• HAXI!U' CORc:Dl&l.UClio ~ 'Jll·· WYl'l' srn: IOUllDARY Uttl Miit.. Dat.a) 

*** Pin• a.cept.or Grict (5 X 5M)/1000 ,,.,.-3 Source Cone. <analed rel.> 

*** TBE ARIUAL AV!RAG! taiCDJ'BATICll V.ALU!S l"CR SOURCE GROUP: ALL *** 

Y-coc:llU> 
CM!TIRS) 

3076.94 
3071.94 
3066.94 
3061.94 
3056.94 
3051.94 
3046.94 
3041.94 
3036.94 
3031.94 
3026.94 
3021.94 
3016.94 
3011.94 
3006.94 
3001.94 
2996.94 
2991.94 
2986.94 
2981.94 
2976.94 

48.03 

.100512 

.100722 

.100933 

.101144 

.101357 

.101569 

.101714 

.101998 

.102213 

.102429 

.102646 

.102164 

.103012 

.103301 

.103521 

.103743 

.103967 

.104192 

.104418 

.104645 

.104872 

DICLUDIIG SOURCE CS> : 1 , 2 

••• llEnaX ID: F11IE 

** CClfC OF ltlf'l 

53.03 

.100263 

.100472 

.100612 

.100193 

.101104 

.101316 

.101529 

.101742 

.101957 

.102172 

.102311 

.102604 

.102122 

.103040 

.103259 

.103410 

.103702 

.103927 

.104151 

.104377 

.104603 

58.03 

.100014 

.100222 

.100431 

.100641 

.100851 

.101062 

.101274 

.101417 

.101700 

.101914 

.102129 

.102345 

.102561 

.102771 

.102996 

.103216 

.103437 

.103661 

.103114 

.104109 

.104334 

llEnaX TYP!: GRil>CAJlT *** 

•• 

••• ... 04/11/t' 
14:42:20 
PAGE 1•·" 



Air Dispersion Modeling 

-. ISCLT2 - VERSICltf 93109 *** *** HAXDUt COliCDllATICltf AT Tl! NIPP SIT! llCUllDARY (1991 Met.. Data> ... 
***Fine Receptor Grid (S X Sa)/1000 11&/••3 Source Cone. <anal•d rel.> *** 

• tflDELillG OPTICllS US!D: CCllC 11DW. EI.IV FLGPOL 

*** TllE HAXIHIM 10 .ARlllW. AVERAGE COliCDllATICltf VALUES Fell GROUP: ALL ••• 
IICLUJ:II1'G SOUJICE < S > : 1 , 2 

** COit: OF ARY IR HICllCGIUHSIM**3 ** 

.. 

AT REC!PTCll CXll, Yll> OF TYPE AT RECEPTOR (Xll, YR) OF TYPE 

04/ll/9S 
14:42:20 
PAGE 20 

- - - - - - - - - - - - - - - --- - - - - - -- - - - - - ---- - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - -
1. .107391 AT -1.97, 
2. .107316 AT -6.97, 
3. .107282 AT 3.03, 
4. .107228 AT -11.97, 
s. .107154 AT -1.97, 

H• RECEPTOR TYPES: GC • GRitlCAJlf 
GP • GRIDl'OLJl 
DC • DISCCAJlT 
DP • DISCPOLll 
BD • BOURDAllY 

2976.94) GC 
2976.94) GC 
2976.94) GC 
2976.94) GC 
2911.94) GC 

6. .107142 AT ( -16.97, 2976. 94) GC 
7. .107083 AT C -6.97, 2981.94) GC 
8. .1070SS AT C -21.97, 2976.94) GC 
9. .107045 AT C 3.03, 2981.94) GC 

10. .107013 AT C 8.03, 2976.94) GC 



Air Dispersion Modeling 

... ISCLT2 - V!RSIOR 93109 ... ... HAXDOf CXllCDDIATlml AT 'DIE W?PP SITZ llCJUllDMY (1991 Met.. Dat.a) 
... Fine a.capt.or Grid <' X ~)/1000 14/a•3 Source Cone:. <uial•d rel.> 

••• K)l)!LIIG OPTIOBS US!D: COllC KUBAL ELEV FLGl'OL 

... HllHaa• Swmary For ISC2 Hodel !zewt.ion ... 

A Tot.al of 
A lot.al of 
A Tot.al of 

S\mllllarJ' of Tot.al He••aa•• --------

O Fat.al Error HeHqe(a) 
0 Warning Heaaqe(a) 
o Inforaat.ional. Me••aa•<•> 

........ FATAL DllCI H!SSAG!S ... -
... IOI! ... 

........ WADIRG H!SSAGES -
... ROBE ••• 

.................................... 
••• ISCLT2 Finiabe1 Suc:c:eaafully ... .................................... 

••• 
••• 

04/11/95 
14:42:20 
PAGE 21 1< 



Air Dispersion Modeling 

A1TACHMENT B • WINDROSES 

·-

... 
ADll-117 



Air Dispersion Modeling 
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Air Dispersion Modeling 

FREQUENCY OF WIND 
SPEED AND DIRECTION 
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Air Dispersion Modeling 

FREQUENCY OF WIND 
SPEED AND DIRECTION 
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Ouality Assurance Summaa 

Quality Assurance (QA) for the model runs consists of: 1) a summary of QA tests 
performed by the EPA on the ISC2 model and 2) an independent review of the DO E's 
model runs by Trinity Consultants, Inc. Both reports are attached. 

The EPA QA test summary serves as the validation of the ISC2 model. For model 
verification, Trinity Consultants reviewed the model input and ran the input files to 
ensure that the data were derived and input correctly, the copy of the model code used 
was unchanged, and the hardware used to run the code did not influence the results of 
the model runs. Upon incorporation of Trinity's comments, the results of their model 
runs were exactly the same as those contained in this appendix. 

ADll-1• 
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SUMMARY OF THE QUALITY ASSURANCE AND 
EQUIVALENCE TESTS PERFORMED ON THE ISC2 MODELS 

(From the EPA Support Center for Regulatory Air Models 
[SCRAM] Bulletin Board System [BBS] on April 24, 1995) 

MARCH 1992 

1 INTRODUCTION 

This report presents a summary of the quality assurance and testing 
procedures that were used during the development of the ISC2 models, and 
summarizes the results of the ISC2 testing. A brief overview of the QA/Test 
Plan is presented in Section 2, followed in Section 3 by a summary of the tests 
performed at various stages in the software development cycle, and concluding 
with a discussion of the results of equivalence tests using standard EPA test 
data sets. 

2 OVERVIEW OF QA/TEST PLAN 

The ISC2 reprogramming effort included the preparation of a detailed 
Quality Assurance (QA) and Test Plan for the software development process as 
one of the earliest steps. The QA/Test Plan included a discussion of the goals 
of the reprogramming effort, established standard operating procedures for 
programming that addressed coding style, language standards, and documentation 
practices, and outlined a detailed test plan. The test plan stressed the 
importance of testing the code at each phase of the development process, 
including independent review of the design of individual modules, testing 
individual modules with standard test data, testing of groups of modules during 
the module integration phase, extensive system level testing, and outside 
review and testing of beta (draft) versions of the ISC2 software. 

3 SUMMARY OF ISC2 TESTING 

3.1 Module Level Testing 

Individual modules were designed using structured English diagrams, or 
pseudo-code, to document the overall flow and structure of the program. The 
actual code was developed fro• these pseudocode files as a natural extension to 
executable Fortran stateaents. In many cases, the pseudocode remained in the 
actual Fortran source code files as comments to clarify the processing steps. 
Important modules were tested by code walkthroughs and other independent review 
mechanisms . 

. Kost individual modules, particularly the calculation modules, underwent 
testing with standard test data once the Fortran code was written and 
compiled. In the absence of functioning module interfaces and data input 
routines, the module testing made use of the Fortran NAKELIST extension for 
inputting and outputting list-directed data. In this way, the input and output 
variables specific to a module could be conveniently read in and written out 
without the need for burdensome 1/0 statements. 
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The most intensive module level testing was performed for certain modules 
that are involved with the more complex model computations. These included the 
modules that calculate the vertical term of the concentration equation, the 
module that solves the cubic equation for Schulman-Scire plume rise and for 
urban virtual distances for stabilities A and B, and the module that calculates 
the error function term for the finite line segment area source algorithm in 
the Short Term model. Using the NAKELIST test driver, the input parameters for 
these modules were systematically varied over the full range of possible 
inputs, and the results were compared with the comparable algorithms from the 
original ISC model. The tests of the CUBIC module were particularly intensive 
since the new model uses Newton's method to solve the cubic equation, which is 
a different method from that used in the original ISC models. This method was 
chosen for its efficiency, accuracy and stability over the full range of. 
inputs, and for the better clarity of the code involved. One result of these 
detailed tests of the CUBIC module was the adjustment of the convergence 
criterion to obtain more accurate results for cases with very small plume 
rise. The development and testing of the error function module included an 
examination and comparison of several methods extracted from different models. 
The method used in the original ISCST model was retained, although 
restructured, because it appeared to be the most efficient, and gave comparable 
results to the other methods. 

3.2 Module Integration Testing 

Additional testing was performed during the module integration phase of 
the software development. The NAMELIST test driver approach was also used 
during this phase, particularly for the calculation modules. The setup 
processing modules were integrated and tested for each of the functional 
pathways using live input runstream data. This included testing of the data 
entry and extraction, as well as the error handling capabilities of the setup 
modules. 

Module integration testing for the calculation modules was performed in 
stages, from the initial integration of the dispersion parameter modules to the 
full testing of the Schulman-Scire plume rise algorithms. In order to perform 
the latter testing, essentially all of the plume rise and dispersion parameter 
modules had to be integrated. The integration testing served to check the 
module interfaces and the flow of data. 

Another important area of module integration testing involved the 
averaging and sorting routines of the model. In order to test these routines 
independent of the calculation modules, a binary concentration file of hourly 
results was generated by the original ISCST model to provide the raw 
concentration values for input to the new ISCST2 modules. In this way, all of 
the "bookkeeping• routines of the new model could be tested by direct 
comparison to the original model. As part of this testing, it was discovered 
that the original ISCST model contains an inconsistency between the high value 
by receptor and the overall maximull value sU11111&ries in the treatment of cases 
with the same concentration (or deposition) value. The high value by receptor 
routines retain the earlier occurrence of the value, while the overall maximum 
50 value routines keep the most recent occurrence. The sorting routines in the 
ISCST2 model consistently retain the earlier occurrence in these situations. 

~1-
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3.3 System Level Testing 

Once all of the modules were integrated and the model input processing 
routines were fully functional, system level testing could be performed. 
System testing involved a broad range of activities. These included re-testing 
conditions tested under the previous stages of development, testing cases with 
predetermined results, systematically varying inputs to test transition points 
in the algorithms (especially important for the building downwash algorithms), 
testing normal and extreme ranges of input parameters, and testing realtime 
applications. An important part of this testing involved comparisons of 
results between the ISC2 models and the original ISC models. It was out of the 
need to make side-by-side comparisons for the same input data that the file 
conversion utility, STOLDNEY, was developed in stages. 

The most intensive system level testing involved exercising the regulatory 
default options, since these are the most important to the user community. The 
building downwash algorithms were also tested intensively due to their 
complexity and in light of the numerous bugs associated with those algorithms 
in the earlier versions of ISC. The non-regulatory default options, including 
gradual plume rise, no BID, no stack tip downwash, and no calms processing, 
were also tested thoroughly. Tests were performed for both concentration 
calculations and deposition calculations. In addition to several realtime 
meteorological data sets, smaller test data sets of meteorological data were 
developed with variables covering a full range of possible inputs. 

During the various phases of testing the models, several discrepancies 
were discovered between the ISC2 models and the earlier versions of ISC. Many 
of these discrepancies involved the building downwash algorithms, and 
especially the calculation of gradual momentum plume rise. Each discrepancy 
identified was carefully evaluated, and a resolution was reached for 
incorporation into the ISC2 models. An effort was also made to incorporate 
fixes for these discrepancies into the original ISC models, primarily for 
testing of the ISC2 corrections and to verify the cause and resolution of the 
discrepancy. The ISCST fixes are considered to be fairly complete, although 
they are in draft form and have not been released. Due to some fundamental 
flaws in the design of the ISCLT model's treatment of the direction-specific 
building downwash algorithms, it was not possible to complete the fixes for 
that model without major rewriting of the original code. Due to the number of 
discrepancies and the sometimes obscure nature of the causes, it is not 
practical to list all of them here. A brief description of some of the main 
problem areas was included with the original READ·ME.TXT file included with the 
first draft of ISC2 placed on the SCRAM BBS in September 1991. Overall, the 
discrepancies are not likely to effect design values significantly for most 
routine application.a of the models for buoyant point sources or for volume 
sources. All values for area sources modeled with the ISCST2 model will be 
about 11.4 percent lover than corresponding values generated by the original 
ISCST model. The most significant differences are likely to be for point 
sources dominated by momentum plume rise with no downwash and with Huber-Snyder 
downwash. 

An important phase of the system testing involved automated point-by-point 
comparisons of the ISCST2 results with the original ISCST results for a large 
number of sources where the input parameters were varied systematically across 
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a broad range of expected values. The results were compared on a 
point-by-point and hour-by-hour basis by a program that was developed to read 
the binary concentration files generated by each of the models. One of the 
ISC2 beta reviewers, Mark Garrison of United Engineers and Constructors, 
provided input data sets for this purpose that were developed during a 
performance evaluation of another dispersion model. Results from some of these 
comparisons are presented below in Section 4 of this report. 

3.4 Beta Review and Testing 

In addition to the system testing performed by the developers of the ISC2 
code, draft versions of the models were sent to selected individuals and 
organizations for independent testing and beta review. The beta reviewers 
included EPA Regional and State modelers, as well as modelers from other 
Federal agencies, private industry and consulting firms. Additional system 
testing was being performed concurrent with the beta review. The beta 
reviewers were given draft versions of the models including source code, draft 
versions of the user's guide, and a list of specific issues for which feedback 
was solicited. Comments and suggestions from the beta reviewers were evaluated 
and incorporated into the final versions of the models where appropriate and 
practical. 

3.5 Final Acceptance Testing 

The final phase of testing for the ISC2 models is ref erred to as final 
acceptance testing. This involved review of the complete ISC2 package by EPA, 
and included the release of draft versions of the ISC2 models and draft user's 
guide to the modeling community by placing them on the SCRAM BBS. The first 
drafts were placed on SCRAM in September 1991, followed about two months later 
by revised drafts of the Short Term models, and by revised drafts of all models 
in early February 1992. Comments were received from several users through a 
special public message area in the Model Conference section of SCRAM. This 
final acceptance testing resulted in several bugs being identified and 
corrected. Additional system testing was performed concurrent with final 
acceptance testing. This was focused primarily on testing the lesser used 
options of the model and on challenging the error handling and reporting 
capabilities of the models. Also performed as part of the final acceptance 
testing were standard equivalence teats used by EPA in evaluating past changes 
to the models. These equivalence tests, which focus on a comparison of design 
values for a small number of representative sources, are summarized in the next 
section. 

4 ISC2 EQUIVALENCE TESTS 

This section describes tests that were performed on the ISC2 models to 
document their equivalence to the original ISC models. Two types of tests are 
summarized here. The first involves comparisons of predicted design values 
based on standard test data seta used by EPA in evaluating past changes to the 
models. This type of comparison is presented below for both the ISCST2 and 
ISCLT2 models. Another type of test for the ISCST2 model involves automated 
comparisons of results on a point-by-point and hour-by-hour basis using the 
binary concentration files generated by both models. 
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4.1 ISCST2 vs. ISCST Design Value Comparisons 

The results of the equivalence tests involving comparisons of design 
values showed the ISCST2 results to be nearly identical to the ISCST (Version 
90346) design values. The tests included six point sources with flat terrain, 
two point sources with elevated terrain, an elevated volume source, and an 
elevated area source. The sources were modeled using a 180 receptor polar 
network with one year of Pittsburgh (1964) meteorological data and one year of 
Oklahoma City (1984) meteorological data. All cases were modeled with both 
rural dispersion coefficients and with urban dispersion coefficients. The 
point source characteristics were as follows: 

Stack Stack Exit Stack Bldg. Bldg. 
Height Temp. Vel. Diam. Height Width Elev. 

(m) (K) (m/s) (m) (m) (m) Terrain 
------- ------- ------- ------- ------- ------- -------

35 432 11.7 2.4 NA NA No 
35 432 11.7 2.4 34 60 No 
35 432 11.7 2.4 34 30 No 
35 432 11.7 2.4 34 180 No 

100 416 18.8 4.6 NA NA No 
200 425 26.5 5.6 NA NA No 

35 432 11.7 2.4 NA NA Yes 
200 425 26.5 5.6 NA NA Yes 

The volume source had a release height of 35 meters, an initial lateral 
dimension of 14 meters and an initial vertical dimension of 16 meters. The 
area source had a release height of 35 meters and a width of 1000 meters. 
Receptor distances (in meters) for the six point sources with no terrain and 
for the volume and area sources were 125, 250, 400, 800, and 2000. The 
receptor distances for the cases with elevated terrain were 800, 2000, 4000, 
7000, and 15000. 

The design values examined included the highest and high-second-high 
l-hour, 3-hour and 24-hour averages, and the highest annual averages. A total 
of 280 design values were compared. With the exception of the 24-hour Oklahoma 
City averages for the three building downwash sources for rural dispersion, all 
of the design values agreed to within a few hundredths or a few thousandths of 
a percent difference. The 24-hour Oklahoma City rural downwash values differed 
by a few tenths of percent, with the difference attributed to an error in the 
treatment of enhanced lateral dispersion for cases with the wake plume height 
less than 1.2 building heights by the original ISCST model. This difference 
was resolved with the •fixed• version of the ISCST mod.el. 

4.2 ISCLT2 vs. ISCLT Design Value Comparisons 

The same six point sources without elevated terrain used for the Short 
Term equivalence teats were also used in the Long Term model equivalence 
tests. The 200-meter release with elevated terrain was also examined, along 
with a volume source (10-meter release height and 10-meter initial lateral and 
vertical dispersion), and an area source (10-meter release height and 100-meter 
width). All sources were modeled with an annual STAil swmary for the 1964 
Pittsburgh data. The results of the equivalence tests for the Long Term model 
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also showed only insignificant differences (less than 0.1 percent) between the 
highest annual averages from ISCLT2 and ISCLT (Version 90008) for the point 
sources, but showed larger differences for the area and volume sources 
examined. The highest annual average for the volume source for ISCLT2 was 
about 1.4 percent larger than the ISCLT high annual value, and the highest 
annual average for the area source for ISCLT2 was about 5 percent lower than 
the ISCLT high annual value. These differences are attributed, at least in 
part, to an error in the original ISCLT model in the treatment of lateral 
virtual distances. The differences were largest at the closer receptor 
distances, especially for the area source. 

4.3 ISCST2 vs. ISCST Binary File Comparisons 

A more intensive and complete testing of the ISCST2 model involved 
automated comparisons of hourly results using the binary concentration output 
file options of both the ISCST2 and ISCST models for a large number of source 
scenarios. A total of 365 different sources were included in these tests, 
which were broken down as follows: 

100 point sources with no downwash 
100 point sources with Huber-Snyder downwash 
100 point sources with Schulman-Scire downwash 
48 volume sources 
17 area sources 

The stack parameters for the point sources included a range of inputs for the 
release height, exit temperature, exit velocity and stack diameter covering a 
broad spectrum of source scenarios. These included momentum dominated plumes 
with no buoyancy as well as highly buoyant plumes. The volume and area source 
scenarios also covered a broad range of inputs, with five of the area sources 
including variable emission rate factors. 

Receptors were located at various distances ranging from very near the 
source out to 100,000 meters downwind, with locations along the plume 
centerline and at about 10 degrees off-centerline. At each distance, receptors 
were placed at ground level and at two terrain elevations for the point 
sources. A total of 60 receptors were used for the point sources with no 
downwash, 54 receptors were used for the point• sources with downwash, and 88 
receptors were used for the volume and area sources. 

The input meteorological data included 144 hours for the point sources and 
24 hours for the volume and area sources. The larger number of hours for the 
point sources were to account for the dependence of plume rise on input 
meteorological conditions. The meteorological data for point sources included 
wind speeds at 0.5 a/s increments for the valid range of speeds for each 
stability category for two different mixing heights. The meteorological data 
for the volume and area sources also included each stability class with a 
smaller range of wind speeds and with two different mixing heights. 
Altogether, over 5 million data points were compared between the ISCST2 and 
ISCST models. 

The results of these comparisons are presented in the following tables. 
The tables present the number of occurrences for various categories of the 
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percent difference, stTatified by the absolute vaiue of the original ISCST 
result. Totals are given for each column, as well as for the total number of 
comparisons for each case and the total number of cases where both models 
indicated a value of 0.0. The percent differences were calculated as follows: 
[(New-Old)/Old]*lOO. Thus, a negative percent difference indicates that the 
ISCST2 value was less than the original or "fixed" ISCST value. Also, values 
in a particular column are for cases that were less than or equal to the 
percent difference given above the column and greater than the percent 
difference for the column to the left. Thus, cases under the column labeled 
".20" are for cases where the percent difference was less than or equal to 0.20 
percent but greater than -0.20 percent. For the ISCST2 vs. Original ISCST 
cases, about 92.8 percent of the cases fell into this category, while for the 
ISCST2 vs. "Fixed" ISCST cases, about 99.5 percent fell into this category. 
About 95.5 percent of the ISCST2 vs. Original ISCST occurrences fell with the 
range of plus or minus 2.0 percent, while about 99.5 percent of the ISCST2 vs. 
"Fixed" ISCST occurrences fell within this range. Kost of the remaining 
occurrences for the ISCST2 vs. "Fixed" ISCST cases were for instances where the 
ISCST2 model predicted a value of 0.0 and the ISCST model predicted a very 
small value (less than or equal to l.OE-6). These values are included in the 
upper left hand "cell" of the tables, and are indicative of slight differences 
in the lateral "truncation" of the plume between the two models due to rounding 
errors. 

The results are presented in the following order: 

100 Point Sources; No Downwash; Rural Dispersion; ISCST2 vs. Original ISCST 
100 Point Sources; No Downwash; Rural Dispersion; ISCST2 vs. "Fixed" ISCST 
100 Point Sources; No Downwash; Urban Dispersion; ISCST2 vs. Original ISCST 
100 Point Sources; No Downwash; Urban Dispersion; ISCST2 vs. "Fixed" ISCST 

100 Point Sources; H-S Downwash; Rural Dispersion; ISCST2 vs. Original ISCST 
100 Point Sources; H·S Downwash; Rural Dispersion; ISCST2 vs. "Fixed" ISCST 
100 Point Sources; H-S Downwash; Urban Dispersion; ISCST2 vs. Original ISCST 
100 Point Sources; H-S Downwash; Urban Dispersion; ISCST2 vs. "Fixed" ISCST 

100 Point Sources; S-S Downwash; Rural Dispersion; ISCST2 vs. Original ISCST 
100 Point Sources; S·S Downwash; Rural Dispersion; ISCST2 vs. "Fixed" ISCST 
100 Point Sources; S-S Downwash; Urban Dispersion; ISCST2 vs. Original ISCST 
100 Point Sources; S·S Downwash; Urban Dispersion; ISCST2 vs. "Fixed" ISCST 

48 Volume Sources; Rural Dispersion; ISCST2 vs. Original ISCST 
48 Volume Sources; Rural Dispersion; ISCST2 vs. "Fixed" ISCST 
48 Volume Sources; Urban Dispersion; ISCST2 vs. Original ISCST 
48 Volume Sources; Urban Dispersion; ISCST2 vs. "Fixed" ISCST 

17 Area Sources; Rural Dispersion; ISCST2 vs. Original ISCST 
17 Area Sources; Rural Dispersion; ISCST2 vs. "Fixed" ISCST 
17 Area Sources; Urban Dispersion; ISCST2 vs. Original ISCST 
17 Area Sources; Urban Dispersion; ISCST2 vs. "Fixed" ISCST 

Kost of the largest differences in the ISCST2 vs. Original ISCST tables 
are associated with point sources with plume rise dominated by momentum. The 
consistent differences between the area source results of about -11.4 percent 
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are due to an error in the derivation of the equation for the finite line 
segment algorithm for modeling area sources in ISCST. The vast majority of 
occurrences for the ISCST2 vs. "Fixed" ISCST cases fall within the range of 
plus or minus 0.2 percent, or fall into the category of a zero ISCST2 value and 
a very small ISCST value. A few occurrences for the rural downwash scenarios 
fall outside the +/· 0.2 percent range, but most of those are still within +/· 
2.0 percent. These are primarily attributable to an error in the original 
ISCST model that was not practical to fix. The original ISCST model 
occasionally uses an incorrect set of coefficients for the calculation of 
vertical virtual distance in the rural mode. This calculation is performed by 
an iterative process in both models, where an estimate of virtual distance is 
made based on the coefficients corresponding to the source-receptor distance, 
and then the value of X+Xz is checked to see if it falls within the same 
distance range for coefficients. The original ISCST model occasionally selects 
coefficients for the distance range beyond the correct range, but does not 
allow for stepping back to the previous distance range. 
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100 POIIT SOURC!S; RO DOWMWASB; RURAL DISPERSION; ISCST2 vs. Oriainal ISCST 

lllH!C • 60 
HUHBER. OF BOURS OF HETEORCLCGY • 144 

DELTA PERC!RT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RANGE «• > : 
.1000!-05 60211 474 3711 316 516 233567 2774 1152 796 310 5300 
.1000!-04 0 1011 44 26 64 7677 623 64 70 74 436 
.1000!-03 0 62 60 52 92 11034 691 60 110 94 3114 
.1000!-02 6 46 60 6 20 26065 930 40 1011 1411 3311 
.lOOOE-01 6 64 62 54 140 67649 1020 16 92 1110 440 
.1000 0 90 72 40 60 1171115 990 0 114 206 3116 
1.000 0 46 74 611 1611 132611 1472 120 2111 229 1498 
10.00 0 30 72 50 1611 1111777 3632 348 602 123 852 
100.0 0 311 114 36 206 66300 61136 2503 2024 498 1118 
1000. 0 42 111 611 2311 251161 21105 1770 7594 4932 2890 
.lOOO!+o5 0 42 96 36 511 4492 676 5511 1722 5194 3318 
.1000!+o6 0 46 20 2 12 1182 650 100 302 702 468 
.1000!+o7 0 II 2 2 2 34 14 6 6 1111 14 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 6040 1096 1042 756 1744 779764 23113 6437 137511 1211011 17442 

TOTAL HUHBER. OF CCIU'AllISClfS • 1164000 

ltHl!ll OF ZERO CCHIIRATICllS • 201756 

-------------------------------------------------------------------------------------------------------------------------
100 POIIT SOURCES; RO DOWMWASB; RIJIAL DISPERSICllf; ISCSTZ va. "Fi.zed" ISCST 

RllllEC • 60 
HUHBER. OF llDURS OF HET!ORCLOGY • 144 

DELTA PERC!RT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

llAllG! (<•) : 

.1000!-05 6494 0 0 0 243653 0 0 0 0 0 

.10001-04 0 0 0 92'1 0 0 0 0 0 

.10001-03 0 0 0 9110 0 0 0 0 0 

.1000!-02 0 0 0 27865 0 0 0 0 0 

.1000!-0l 0 0 0 69575 0 0 0 0 0 

.1000 0 0 0 lt513 0 0 0 0 0 
1.000 0 0 0 135054 0 0 0 0 0 
10.00 0 0 0 123793 0 0 0 0 0 
100.0 0 0 0 78293 0 0 0 0 0 
1000. 0 0 0 42752 0 0 0 0 0 
.1000l+o5 0 0 0 15694 0 0 0 0 0 
.1000l+o6 0 0 0 10352 0 0 0 0 o· 
.10001+o7 0 0 0 18'4 0 0 0 0 0 

0 0 0 0 0 0 0 0 0, 

TOTAL• 6494 0 0 0 0 857506 0 0 0 0 0 

TOTAL HUHBER. OF CCJUl.MISCllS • 864000 

HUHBER. OF ZlllO CCHIIRATICllS • 201292 
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100 POIRT SOURCES; RO DOWMWASB; URBAJI DISPERSIOR; ISCST2 va. Ori&inal ISCST 

NllHREC - 60 
NUMBER OF BOURS OF HETEOROLOGY • 144 

DELTA PERCERT «•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RANG! (<•): 

.1000!-05 3862 410 296 102 274 183306 1719 279 690 626 4821 

.1000!-04 0 44 74 20 20 11367 322 26 104 248 468 

.1000!-03 0 42 34 16 4 21828 393 79 133 361 479 

.1000!-02 0 60 30 14 80 19677 482 76 123 478 476 

.1000!-01 0 50 86 26 106 49418 369 146 138 636 240 

.1000 0 64 24 16 88 80097 581 148 278 637 164 
1.000 0 86 92 54 86 144069 498 184 379 625 24 
10.00 0 34 126 36 112 168582 952 288 668 313 8 
100.0 0 54 82 56 132 86456 7436 1503 1004 146 628 
1000. 0 32 58 52 132 29078 3530 2404 8544 162 1400 
.1000!+05 0 44 30 6 26 3132 1258 254 1676 2500 4826 
.1000!+06 0 16 0 6 4 868 248 60 386 614 590 
.1000!+o7 0 0 0 0 0 20 0 0 4 72 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 3862 936 932 404 1064 797898 17788 5447 14127 7418 14124 

TOTAL BllmER OF aMPAIUSClfS • 864000 

lftHIER OF Z!llO CCMBIRAficmB • 151488 

100 POIRT SOURCES; RO DaiilWASB; URBA1' DIS!'ERSICB; ISCSTZ va. "l'lzed" ISCST 

RtJHRZC - 60 
lftHIER OF BOURS OF HETECltOLOGY • 144 

DELTA PERCEllT «• > 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RANG! (<•): 

.1000!-05 4496 0 191113 0 0 

.1000!-04 0 0 12785 0 0 

.1000!-03 0 0 23513 0 0 

.1000!-02 0 0 21647 0 0 

.1000!-01 0 0 51403 0 0 

.1000 0 0 821'8 0 0 
1.000 0 0 146157 0 0 
10.00 0 0 171127 0 0 
100.0 0 0 Hl15 0 0 
1000. 0 0 43171 0 0 
.1000l+o5 0 0 11262 0 0 
.1000l+o6 0 0 6tt4 0 0 
.1000!+07 0 0 612 0 0 

0 0 0 0 0 

TOTAL• 4496 0 0 0 0 859504 0 0 0 0 0 

TOTAL Rlltl!ll 01 aMPAIUSCllS • 164000 

lltlfBlll 01 ZlllO CXlllIIArICllS • 150154 



Air Dispersion Modeling 

100 POIBT SOURCES: B·S DOWllWASB: Rt111AL DISl'!llSIOll: ISCSTZ va. OriaiDal ISCST 

RtlltEC • 54 
Rllm!R OF BOURS OF H!TECIROLOGY • 144 

DELTA PERC!RT «•> 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RA1'G! (<•) : 

.1000!-05 3002 280 166 24 190 147590 2243 234 102 269 4381 

.lOOOE-04 0 26 14 0 2 6164 466 14 2 69 270 

.lOOOE-03 0 14 26 22 16 5402 511 18 6 94 269 

.1000!·02 0 38 28 14 48 22184 557 16 2 76 180 

.1000!-01 0 6 42 16 80 64306 683 8 2 99 44 

.1000 0 40 84 26 308 84357 644 10 0 159 6 
1.000 0 28 76 100 476 128681 794 128 44 140 14 
10.00 0 34 134 394 790 1%7305 3262 196 316 10 0 
100.0 0 10 320 712 1280 95183 7968 1988 1506 106 86 
1000. 0 2 442 780 452 33054 3330 2942 7956 1418 314 
.1000!+05 0 0 104 50 16 3110 444 320 2776 1496 448 
.1000E+o6 0 0 0 0 0 22 18 6 30 24 16 
.1000!+07 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 3002 478 1436 2138 3658 717358 20920 5880 12742 3960 6028 

TOTAL HtHIER OF CXH'.ARISORS • 777600 

HtHID OF ZERO CXHIIHATIOllS • 127209 

-------------------------------------------------------------------------------------------------------------------------
100 POIRT SOURCES: B-S DOWllWASB; Rt111AL DISP!RSIOll; ISCST2 va. "Fized" ISCST 

RtHEC • 54 
HtHID OF BOIJRS OF HETEClmLOGt • 144 

DELTA PEllClllT «•> 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RA1'G! (<•) : 

.1000!-05 3800 0 0 I 154071 0 0 0 0 0 

.1000!-04 0 4 0 0 7259 0 0 0 0 0 

.1000!-03 0 0 0 2 6477 0 0 0 0 0 

.1000!-02 0 0 0 0 23261 0 0 0 0 0 

.1000!-01 0 2 0 2 65311 0 0 0 0 0 

.1000 0 2 0 2 15649 0 0 0 0 0 
1.000 0 0 0 2 130441 52 0 0 0 0 
10.00 0 0 0 0 1323'5 41 0 0 0 0 
100.0 0 0 0 0 101985 6 0 0 0 0 
1000. 0 0 0 2 50111 0 0 0 0 0 
.1000E+o5 0 0 0 0 9340 2 0 0 0 0 
.1000E+o6 0 0 0 0 304 2 0 0 0 0 
.100DE+o7 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

TOTAL- 3100 6 I 0 11 771651 110 0 0 0 0 

'l'OrAL lllltlER OF CXH'ARISOllB • 777600 

l1ltllll OF ZERO CXHIDIAtICllS • 126411 



100 POINT SOURCES; B-S DOWHWASB; tlRBAH DISPERSION; ISCST2 vs. Original ISCST 

NUHREC • 54 
NUHBER OF HOURS OF H!TEQROLOGY • 144 

DELTA PERCENT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

1WIGE (<•): 

.1000!-05 2219 121 31 42 116 122110 1563 0 33 359 4951 

.lOOOE-04 0 12 4 4 26 10159 192 0 12 264 456 

.1000!-03 0 4 44 12 22 20234 191 4 30 317 442 

.1000!-02 0 60 0 4 2 17404 324 13 66 494 305 

.1000!-01 0 12 0 12 50 46157 162 14 171 660 131 

.1000 0 0 71 18 10 77437 324 30 321 561 74 
1.000 0 64 12 0 0 139031 216 111 479 417 0 
10.00 0 0 6 91 292 167999 526 223 521 180 0 
100.0 0 6 240 330 1450 100766 7251 1536 161 6 0 
1000. 0 0 516 131 542 26750 2134 2742 6071 736 0 
.1000E+o5 0 0 41 I 12 1430 212 132 1621 614 0 
.1000E+o6 0 0 0 0 0 0 4 0 0 0 0 
.1000!+o7 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 2219 216 1056 1366 2592 730114 13113 4112 10221 4671 6373 

TOTAL RUHBER OF CCIU'AJUSOICS • 777600 

KtHIER OF ZERO CXHIIRA1'IOIS • 91171 

-------------------------------------------------------------------------------------------------------------------------
100 POill' SOURC!S; B-S DOWIWASB; UJllAR DISP!RSIOB; ISCST2 vs. "Fized" ISCST 

1'llll!C - 54 
Htlm!R OF BOORS OF H!l'!CllOLOGY • 144 

DELTA P!RC!IT <-> 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RA1'G! (<•) : 

.1000!-05 3001 127115 0 0 0 0 

.1000!-04 0 11262 0 0 0 0 

.1000!-03 0 21466 0 0 0 0 

.1000!-02 0 11915 0 0 0 0 

.1000!-01 0 41140 0 0 0 0 

.1000 0 79009 0 0 0 0 
1.000 0 140435 12 0 0 0 
10.00 0 169170 12 0 0 0 
100.0 0 112432 0 0 0 0 
1000. 0 40932 0 0 0 0 
.1000!+o5 0 4210 0 0 0 o· 
.1000!+o6 0 12 0 0 0 0 
.1000!+o7 0 0 0 0 0 o· 

0 0 0 0 0 0 

TOTAL- 3008 0 0 0 0 774561 24 0 0 0 0 

TO'UL llwmD OF CCIU'AIISCllS • 777'00 

lllmD OF ZlllO CCHIDATICIS • 97319 



Air Dispersion Modeling 

100 POIKT SOURCES; s-s DOWIWASll; RURAL DISP!RSIOll; ISCST2 va. Original ISCST 

1'UHR!C - 54 
NUHB!R OF HOURS OF HETEOROLCGY • 144 

DELTA PERCDT «•> 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RABGE (<•): 
.1000!-05 1218 0 0 0 0 149165 1265 744 124 58 12.52 
.lOOOE-04 0 0 0 0 0 4206 447 56 0 38 121 
.1000!-03 0 0 0 0 0 4092 574 70 6 46 88 
.1000!-02 0 0 0 0 0 19946 676 44 8 32 64 
.lOOOE-01 0 0 0 0 0 60717 1067 36 0 18 16 
.1000 0 0 0 0 0 78974 11.51 26 14 40 0 
1.000 0 0 154 67 230 127990 1091 27 101 29 0 
10.00 0 0 3060 401 1228 134599 2203 184 2403 587 0 
100.0 0 12 2030 2337 998 96110 3964 180 6696 2220 0 
1000. 0 0 308 332 310 46414 2198 78 1830 1928 0 
.1000E+o5 0 0 0 4 340 7322 80 12 262 726 0 
.1000!+06 0 0 0 0 0 86 0 0 0 0 0 
.1000!+07 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 1218 12 5.552 3141 3176 729621 14716 1457 11444 5722 1541 

TOTAL ~ OF CCH'AIUSOllS • 777600 

InHIER OF Z!11C CCIGIIRATIOllS • 131501 

-------------------------------------------------------------------------------------------------------------------------
100 POIKT SOURCES; s-s DOWIWASll; RURAL DISP!RSICR; ISCST2 va. wFizedw ISCST 

Rtllt!C -
54 

InH1ER OF BOU11S OF HETECllOLCG'l • 144 

DELTA l'lllCllT «•> 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RABGE (<•): 

.1000!-05 1314 0 0 0 152107 0 0 0 0 0 

.1000!-04 0 0 0 0 4919 0 0 0 0 

.lOOOE-03 0 0 0 0 4911 0 0 0 0 

.1000!-02 0 0 0 0 20131 0 0 0 0 

.1000!-0l 0 0 0 0 61921 0 0 0 0 

.1000 0 0 0 0 10236 0 0 0 0 
1.000 0 0 0 0 129692 0 0 0 0 
10.00 0 0 0 I 144434 0 0 0 0 
100.0 0 0 56 20 114409 0 0 0 0 
1000. 0 0 52 21 53572 0 0 0 0 
.10001+05 0 0 4 0 U26 0 0 0 o. 
.1000l+o6 0 0 0 0 106 0 0 0 o. 
.10001+o7 0 0 0 0 0 0 0 0 o. 

0 0 0 0 0 0 0 0 0 

TOTAL- 1314 0 0 112 56 776041 0 0 0 0 0 

TOTAL 1n1t1ER OF CDtl'AIUSCltS • 777600 

ltlmlll OF ZDO CCIGIIKilICRS • 131335 



Air Dlsperalon Modeling 

100 1'0IRT SOURCES; S-S DOWMWASB: URBAlf DISPERSIOll; ISCSTZ va. Oriainal ISCST 

KUHREC • 54 
1nJHBD OF BOURS OF HETIOROLOGY • 144 

DELTA PDCERT (C•) 

-100.00 -10.00 -2.00 -1.00 -.20 .zo 1.00 2.00 10.00 100.00 

RAJIG! (<•) : 

.lOOOE-05 553 16 0 0 0 143059 407 154 8 26 1528 

.1000!-04 0 0 0 0 0 8345 126 6 2 39 122 

.1000!-03 0 0 0 0 0 19223 136 6 16 71 165 

.1000!-02 0 0 0 0 0 15470 288 4 18 100 142 

.1000!-01 0 0 8 0 0 44251 354 12 14 136 24 

.1000 0 0 12 0 0 73521 416 0 6 138 • 1.000 0 0 H 76 152 135705 530 10 31 99 0 
10.00 0 • 58 71 350 168349 399 14 68 12 0 
100.0 0 0 30 46 169 113895 474 20 8 0 0 
1000. 0 0 4 10 18 42998 148 4 0 0 0 
.1000!+05 0 0 0 0 0 4806 20 0 0 0 0 
.1000!+o6 0 0 0 0 0 8 0 0 0 0 0 
.1000!+07 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 553 20 200 203 689 769630 3298 230 171 621 1985 

TOTAL Rtltl!ll OF CCMP.ARISCllS • 777600 

Rtltl!ll OF ZZIC CCHSIRATICllS • 125921 

------------------------------------------------------------------------------------------------------------------------· 
100 1'0IRT SOURCES; s-s DCWIWASB; URBAlf DISP!RSICI; ISCSTZ n. "Pizad• Iscst 

1'tlll!C - 54 
lfUHBD OF BOURS OF H!T!CIUJLOGY • 144 

DELTA P!llC!RT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RAIG! (<•): 

.1000!-05 766 0 144598 0 0 0 

.1000!-04 0 0 1697 0 0 

.1000!-03 0 0 19708 0 0 

.1000!-02 0 0 16062 0 0 

.1000!-0l 0 0 44936 0 0 

.1000 0 0 74141 0 0 
1.000 0 0 136707 0 0 
10.00 0 0 169324 0 0 
100.0 0 0 114643 0 0 
1000. 0 0 43110 0 0 
.1000!+05 0 0 4130 0 0 
.1000E+o6 0 0 I 0 0 
.1000E+o7 0 0 0 0 0 

0 0 0 0 0 

ror.u.- 766 0 0 0 0 776134 0 0 0 0 0 

TOTAL Rtltl!ll OF CCMPARISCWS • 777600 

ltlmEI OF ZERO aHIDAtICllS • W701 

ADll-210 



Air Dispersion Modeling 

48 'VOLtH SOURCES; RURAL DISPERSIOH; ISCST2 vs. Original ISCST 

NtlHR!C • 88 
NUHB!R. OF !OURS OF H!TEOROLOGY • 24 

DELTA PEllCEIT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RARGE «•>: 
.lOOOE-05 370 0 0 0 0 43068 144 15 32 0 0 
.1000!-04 0 0 0 0 0 396 42 8 24 0 0 
.lOOOE-03 0 0 0 0 0 645 46 20 0 0 0 
.lOOOE-02 0 0 0 0 0 974 41 41 0 0 0 
.lOOOE-01 0 0 0 0 0 679 76 50 0 0 0 
.1000 0 0 0 0 0 1067 148 4 0 0 0 
1.000 0 0 0 0 0 5668 222 4 0 0 0 
10.00 0 0 0 0 0 12965 471 24 0 0 0 
100.0 0 0 0 0 0 22272 720 16 0 0 0 
1000. 0 0 0 0 0 9884 313 0 0 0 0 
.1000!+05 0 0 0 0 0 923 4 0 0 0 0 
.1000!+06 0 0 0 0 0 0 0 0 0 0 0 
.1000!+07 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 370 0 0 0 0 98541 2227 182 56 0 0 

TOTAL RtltBER OF CCMPARISORS • 101376 

RtltBER OF ZERO CCMBIRATIORS • 41424 

48 'VOLtH SOURCES: RURAL DISP!RSIOR; ISCST2 va. "Pilted" ISCST 

JnH!C • 88 
RtltBER OF BOURS OF HETEOROLOGr • 24 

DELTA PlllClllT «•> 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RAltG! (<•) : 

.1000!-05 370 0 0 43255 0 0 0 0 0 

.1000!-04 0 0 474 0 0 0 0 0 

.1000!-03 0 0 711 0 0 0 0 0 

.1000!-02 0 0 1056 0 0 0 0 0 

.1000!-01 0 0 805 0 0 0 0 0 

.1000 0 0 1219 0 0 0 0 0 
1.000 0 0 5194 0 0 0 0 0 
10.00 0 0 13451 0 0 0 0 o· 
100.0 0 0 23001 0 0 0 0 0 
1000. 0 0 101H 0 0 0 0 o· 
.10001+o5 0 0 tl7 0 0 0 0 o-
.1000!+o6 0 0 0 0 0 0 0 0 
.1000l+o7 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

TOTAL- 370 0 0 0 0 101006 0 0 0 0 0 

TOrAL RtltlDl OF mtl'AllISCllS • 101376 

In111!R. OF Z11D CCMBillAl'ICllS • 41424 



Air Dispersion Modeling 

48 'VOLtH SOU1tCES; UltBAR DISPi:RSION; ISCST2 va. Ori1inal ISCST 

RtH!C. 88 
llUHllEll. OF BOORS OF HET!CIRCLCGY • 24 

DELTA 1'DCDT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

JIA1'G! (C• ) : 

.10001-05 192 0 0 0 0 41301 0 0 0 0 0 

.10001•04 0 0 0 0 0 271 0 0 0 0 0 

.10001-03 0 0 0 0 0 326 2 0 0 0 0 

.10001-02 0 0 0 0 0 36' 6 0 0 0 0 

.10001-01 0 0 0 0 0 669 4 0 0 0 0 

.1000 0 0 0 0 0 1133 48 0 0 0 0 
1.000 0 0 0 0 0 9688 92 0 0 0 0 
10.00 0 0 0 0 0 19147 158 0 0 0 0 
100.0 0 0 0 0 0 19150 229 0 0 0 0 
1000. 0 0 0 0 0 8075 129 0 0 0 0 
.10001+05 0 0 0 0 0 317 4 0 0 0 0 
.10001+o6 0 0 0 0 0 0 0 0 0 0 0 
.10001+o7 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

torAJ.• 192 0 0 0 0 100512 672 0 0 0 0 

torAJ. lllltllll OF CD!PAllISOD • 101376 

lllltllll OF ZD0 CCHIIRATICllS • 39108 

-------------------------------------------------------------------------------------------------------------------------
48 'VOLtH SOURCES: URBAlf DISP!RSICll: ISCST2 vs. "Fized" ISCST 

ll1HEC • 88 
1'11tBE11. OF BOU1IS OF HETICllCLCGY • 24 

DELTA PERCEIT (<-) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

HAIG! (C•): 

.10001-05 192 0 0 41301 0 0 0 

.10001-04 0 0 271 0 0 0 

.10001-03 0 0 321 0 0 0 

.10001-02 0 0 371 0 0 0 

.10001-01 0 0 673 0 0 0 

.1000 0 0 1111 0 0 0 
1.000 0 0 9771 0 0 0 
10.00 0 0 19307 0 0 0 
100.0 0 0 19371 0 0 o~ 
1000. 0 0 8205 0 0 o-
.10001+o5 0 0 Hl 0 0 Qi_ 
.10001+o6 0 0 0 0 0 o: 
.1000J+o7 0 0 0 0 0 o, 

0 0 0 0 0 0 

TOTAL• 192 0 0 0 0 101114 0 0 0 0 o-

TOTAL lllltllll OF CD!PARISCIBS • 101376 

lllltllll OF ZEID CXJtBIJIAtICllS • 39101 

ADll212 



Air Dispersion Modeling 

17 AREA SOURCES; RURAL DISPEllSICIR; ISCST2 va. Ori&inal ISCST 

RtlHREC - 88 
1'tlHBER OF HOURS OF HET!OROLOGY • 24 

DELTA PEllCERT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RABGE «• > : 
.lOOOE-05 2766 288 0 0 0 10514 0 0 0 0 0 
.lOOOE-04 325 99 0 0 0 0 0 0 0 0 0 
.lOOOE-03 239 287 2 0 0 0 0 0 0 0 0 
.lOOOE-02 31 235 12 0 0 0 0 0 0 0 0 
.lOOOE-01 0 399 8 0 0 0 0 0 0 0 0 
.1000 0 461 2 0 0 0 0 0 0 0 0 
1.000 0 594 0 0 0 0 0 0 0 0 0 
10.00 0 1498 0 0 0 0 0 0 0 0 0 
100.0 0 5169 0 0 0 0 0 0 0 0 0 
1000. 0 7384 0 0 0 0 0 0 0 0 0 
.1000!+05 0 4229 0 0 0 0 0 0 0 0 0 
.1000!+06 0 1121 0 0 0 0 0 0 0 0 0 
.1000E+D7 0 241 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 3361 22005 24 0 0 10514 0 0 0 0 0 

TOTAL 1'UHBER OF CCMPAJUSORS • 35904 

RtHIER OF ZERO CXltBIBATIOHS • 10514 

-------------------------------------------------------------------------------------------------------------------------
17 AREA SOOBCES; JUlRAL DISPEllSICIR; ISCST2 ,,. • •ptzec1• ISCST 

1'tHEC - 88 
1'UHBER OF llOURS OF Hn'!alC1.0GY • 24 

DILli P!ICEllT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

IWIG! (<•): 

.lOOOE-05 2776 10818 0 0 0 0 0 

.lOOOE-04 371 85 0 0 0 0 0 

.lOOOE-03 184 300 0 0 2 0 0 

.lOOOE-02 30 221 0 0 12 0 0 

.lOOOE-01 0 43' 1 0 8 0 0 

.1000 0 433 4 0 2 0 0 
1.000 0 652 0 0 0 0 0 
10.00 0 1'93 0 0 0 0 0 
100.0 0 4129 0 0 0 0 0 
1000. 0 7463 0 0 0 0 0 
.1000E+D5 0 4033 0 0 0 0 0 
.1000E+D6 0 1022 0 0 0 0 0 
.1000E+D7 0 219 0 0 0 0 0 

0 0 0 0 0 0 0 

TOTAL- 33'1 0 0 0 0 32514 5 0 24 0 0 

torAL lnlmlll OF CCMPAIUIDIS • 35904 

111mD 01 ZIBO aHIIIATIOIS • 10514 



Air Dispersion Modeling 

17 AREA SOURCES: URIAH DISPERSIOR: ISCST2 va. Original ISCST 

MUt«EC. ae 
NUHHll OF BOORS OF H!TEOROLOGY • 24 

DELTA P!RC!KT (<•) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RA1tGI (<•) : 

.1000!-0S 19'2 61 0 0 0 91111 0 0 0 0 0 

.1000!-04 124 36 0 0 0 0 0 0 6 0 0 

.1000!-03 49 94 0 0 0 0 0 0 4 0 0 

.1000!-02 12 189 o 0 0 o 0 0 0 0 o 

.1000!-01 0 S09 0 0 0 0 0 0 0 0 0 

.1000 0 749 0 o o 0 0 0 0 0 0 
1.000 0 931 0 0 0 0 0 0 0 0 0 
10.00 0 3Sl2 0 0 0 0 0 0 0 0 0 
100.0 0 6004 0 0 0 0 0 0 0 0 0 
1000. 0 7466 0 0 0 0 0 0 0 0 0 
.lOOO!+OS 0 4113 0 0 0 0 0 0 0 0 0 
.1000!+06 0 729 0 0 0 0 0 0 0 0 0 
.1000!+o7 0 92 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

TOTAL• 2137 24S69 0 o o 91111 0 0 10 0 0 

TOTAL RUHB!Jl OF CCMPARISORS • 3S904 

1'IMl!Jl OF ZERO CCHIIRATIORS • 9188 

-------------------------------------------------------------------------------------------------------------------------
17 AREA SOURCES; URIAH DISPERSICI; ISCST2 va. ·ruec1• ISCST 

1'IH!C • ae 
lnlm!Jl OF HOURS OF H!TIOROLOGY • 24 

DELTA P!IC!llT (<-) 

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00 2.00 10.00 100.00 

RAIG! (<•): 

.1000!-0S 1960 o o 0 92'6 o 0 o o 

.1000!-04 124 o o o 36 o o 6 o 

.1000!-03 41 o o 0 100 o 0 4 o 

.1000!-02 12 o o 0 201 6 0 0 o· 

.1000!-01 0 o o o 512 20 0 o o 

.1000 0 o 0 0 713 I o o o 
1.000 o o o o 910 o o o o 
10.00 o o o 0 3623 o o o o 
100.0 0 o o 0 6301 0 o o 0' 
1000. 0 o o 0 7414 0 o 0 o 
.lOOO!+aS o o o o 3U1 o 0 0 o 
.1000!+a6 0 o 0 o 611 o o o O+ 
.1000!+a7 0 o 0 o 15 o 0 o 0' 

o 0 0 o 0 o 0 o o 

TOTAL- 2137 o o o 0 33723 34 0 o 10 o 

TOTAL lltlll!R OF CCMPAltISCllS • 35904 

lnlmlR OF Z!IO CCHIIDTICllS • 9111 
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1. INTRODUCTION 

Westinghouse Waste Isolation Pilot Plant (WIPP) is required to submit to U.S. EPA a no 
migration variance petition (NMVP) to demonstrate that "no migration" of hazardous 
constituents will occur above health based levels at the unit boundary. In order to suppon the no 
migration demonstration, Westinghouse Waste Isolation Division (WID) perfonned calculations 
including air dispersion modeling analyses for estimating hazardous constituent releases from 
planned TRU-mixed waste disposal. 

An independent review of the calculations and modeling analyses perfonned by using the 
ISCLT2 model is required for the submittal of the NMVP to the U.S. EPA. Based on this 
requirement. Trinity Consultants Inc. has perfonned the following tasks: 

• Review modeling methodologies and input parameters 
• Verify computer modeling results 
• Revisions of modeling runs (if necessary) 

Westinghouse Electric Corporation 
Con1rllct DE-AC04-86Al.319SO 

Trinity Consultants Incorporated 



2. REVIEW COMMENTS 

2.1 Review Modeling Input Parameters 

Based on a thorough review of the calculations and model options selected by Westinghouse, 
Trinity confinns that all input data, assumptions and methods of calculations are consistent with 
U.S. EPA requirements I. The verification items are summarized in Table 1. 

Table 1. Verification of model input data. 

U.S. EPA Recommendations for NMVP 
Modeling Analysis Input Data Status of Input Data Used by WIPP 

Use ofISCLT model to estimate annual 
verified 

average concentrations 

Use of S year sets meteorological data; using 1990- 1994 data used from New Mexico 
the year set which produces the maximum National Weather Service. 
concentrations in modeling analysis 

1991 data set produced the highest estimated 
concentrations. 

Use of Cartesian receptor grids only verified 

Placement of receptors up to 100 m beyond the verified 
site boundary 

Placement of receptors in 16 sectors of 22.S A coarse grid with 18 by 18 receptors in a 400 
degrees each or a finer resolution is acceptable. by 400 meter spacing. which provides finer 

resolution than placing receptors in 16 sectors. 

Use of narrow receptor grids in the maximum A medium grid with a SO by 25 meter spacing 
concentration area for 34 by S receptors is defined in the area with 

the maximum concentration. 

A fine grid with a S by S meter spacing for 21 
by 21 receptors is defined for the maximum 
concentration area .calculated by the medium 
grid. 

Use of reference height of 1.5 m (inhalation verified 
height) above ground level 

I U.S. EPA Office of Solid Waste, Guidance MOllllOl/or PetitiOMn on "No Migration" Variances to tlw 
HllZlll'fitna Warr. Land Difposol Prohibitions (draft) 

Westinghouse Electric Corporation 2 Trinity Consultants Incorporated 
Conlnet DE-AC04-86Al.319'0 



In addition to the verification presented in Table l, comments for source parameters, model 
options and the modeling report are summarized as follows: 

• The coordinates of the origin at the discharge duct are stated as (0, 0, 3410) for the (x,y,z) of 
the source information given on page 4 of the report prepared by WID. The coordinates of 
the origin used in the modeling analysis are (0, 0, 1039.37). The text should specify the unit 
used for the elevation (in feet) to clarify the z-coordinates used in the modeling analysis. 

• With regard to the calculation for emission rate in section 4.2.2.1 on page 4 of the report, the 
mass per volume of gas was stated as 0.1 g/m3

, but the calculation uses 0.001 g/m3
. This is a 

typographical error and should be corrected to read 0.001 g/m3
• 

• In defining the area for the fine grid, it is stated that the maximum concentrations obtained 
from the medium grid modeling analysis were found in sections 15 and 9 on the map. An 
error was made as the maximum concentrations were found in sections 16 and 9. 

• The source orientation is not stated in the report. According to WID, the two exhaust stacks 
are not exactly 90 degree upward as conventional stacks (SO to 60 degree upward). In order 
to obtain more conservative (higher) downwind concentrations, it is recommended by Trinity 
to adjust the stack exit velocity based on the angle of the stack. 

2.2 Verification of Computer Modeling Results 

All input files provided by WID are verified and ISCL T2 runs are executed on Trinity's 
computers to ensure the accuracy of the computation accomplished by WID. The output results 
obtained from Trinity's computer runs are compared with the results received from WID. There 
are no discrepancy found in these comparisons. 

2.3 Revisions of Modeling Runs 

Since the stack exit velocities in the WID input data did not adjusted with the angle, revisions of 
the modeling runs are performed with the exit velocity adjusted to an angle of 45 degree (as the 
worst case). As a result of this adjustment, the stack exit velocity is adjusted from 6.59 mis to 
4.66 mis. The ISCLT2 computer output files are included in Appendix A (under separate cover). 
The calculated maximum concentrations obtained from the revised data were greater than those 
from the previous runs by approximately 10 %. 

Since the modeling results have changed with the use of the new stack velocity value, the air 
dispersion factor calculation has to be modified. The maximum concentration (I .S meters from 
the ground) was estimated at 0.107 µg/m3 from a 1000 µg/m3 source on the site boundary in 
section 16. Therefore, the new air dispersion factor is 0.000107. 

Westinghouse Electric Corporation 
ConlnlCt DE-AC04-86AU 19SO 

3 Trinity Consultants Incorporated 



4. CONCLUSION 

Trinity is satisfied that the modeling analysis perfonned by the WID is consistent with the 
modeling guidelines for "no migration" variances to the hazardous waste land disposal, 
stipulated by the U.S. EPA. 

Westinghouse Electric Corporation 
Con1nct DE-AC04-16AL3 J9SO 

4 Trinity Consultants Incorpora~ 
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aate: 

to: 

from: 

SUOJeCt: 

Sandia National Laboratories 
June 18. 1993 Altluaueraue. New Mexico 8 718S 

M.S. Tierney, 6342 

L. H. Brush. 6345 

Likely Gas-Generation Reactions and Current Estimates of Gas-Generation Rates for the Long
Term WIPP Perfonnance Assessment 

INTRODUCTION 

This memormdwn identifies likely gas-generation reactions (Table 1), provides current estimates 
of humid and inundated gas-generation rates (Tables 2 and 3), and calculates the gas-generation potential 
for radiolysis of H20 in brine by ::l'Pu for the 1993 long-term WIPP performance-assessment (PA) 
calculations. A. R. Lappin. 6305, has provided estimares of gas-generation potentials for other processes. 

I understand that because of severe time constraints and the higher priorities assigned to other 
changes in the models to be used for the 1993 PA calculations, you will not have time to incorporate the 
current version of the gas-generation model J. W. Gamer and I provided to P. Vaughn in February 1993. 
Therefore, I understand you will use the same gas-generation model used in the 1991 and 1992 
calculations. This approach consists of listing likely gas-generation reactions, calculating the average 
stoichiometric gas-production ratio of these reactions, estimating average gas-production rues, and 
allowing gas production to proceed until the total quantity of gas expected (the gas-generation potential) 
is attained for a given set of assumptions. I refer to this model as the "average-stoichiometry model." 
The assumptions include (but are not necessarily limited to): (1) the inventory of reactants (steels and 
other Fe-base alloys, Al and Al-base alloys, and. perhaps, other metals: cellulosics. plastics, and 
rubbers): (2} the extent to which these nwerials are convertible to gas (this is especially imponam in the 
case of plastics mt rubbers); (3} whether sufficient H20 will be available (this is especially significant 
in the case of RIClions that occur only in the presence of brine, such as anoxic corrosion of steels). Of 
course, asannpdam such u these are also necessary for the gas-generation model Gamer mt I are 
developing. 

Given die severe time constraints and the higher priorities assigned to other improvements in the 
PA models. I comm witb your decision to retain the average-smichiomeuy model used in the 1991 and 
1992 PA calcnlariom. However. I recommend using add.idonal gu-generation reactions, if possible, and 
currem estimarrs of ps-genermon rues. I describe these reactions mt rues below. Of course, I realize 
that there may not be cm to make !III changes in the average-smichiomeuy model at this poim. 

Gamer mt I will comiDue U> develop a thermodymmic and kinmc reaction-padl gas-generation 
model. The currem version of this model includes the following processes: (1) corrosion of steels and 
other Fe-bue marerials by Oz, Ht<>. Ht<> and CC>z, or HiS; (2} passivation of steels by CO,: (3} 
depusivation of steels by destabilimion of FeCO,; (4) microbial degradation of cellulosics widl Oz, NO,·, 
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Fe<III) hydroxide. or so,:- as the elearon acceptor: (5) consumption of CO: by Ca<OH)2 (in cementitious 
materials) and CaO (a potential backfill additive). The main differences between the reaction-path model 
and the average-stoichiometry model used in the 1991 and 1992 PA calculations are that: (1) the 
reaction-path model includes more gas-producing reactions than the average-stoichiometry model; (2) the 
reaction-path model includes gas-consuming reactions; (3) the reaction-path model includes interactions 
among gas-producing and gas-consuming processes. such as passivation of steels by microbially-produccd 
C01 and depassivation of steels due to consumption of C02 by Ca(OH): and Cao. We will provide you 
with the latest version of this model as soon as you arc ready to incorporate it in the PA models. 

CORROSION 

Oxic corrosion of steel waste containers (drums and boxes), Fe-base alloys in the waste, and. 
perhaps. other metals would consume 0 1 in mine air trapped in WIPP disposal rooms at the time of filling 
and sealing. Oxic corrosion would also consume 0 1 produced by radiolysis of H20 in brine. After 
depletion of the 0 2 initially present. anoxic corrosion of Fe-base and other metals could produce 
significant quantities of H2, at least in microenvironmenrs without radiolytically produced 0 1• Other 
metals that could consume 0 1 and produce H1 include (but arc not necessarily limited to) Al. Al-base 
alloys, Pb, and Pu. Oxic and anoxic corrosion could also consume significant quantities of brine and H20 
vapor. 

Oxic Corrosion 

Brush ( 1990) concluded that oxic corrosion of steels, other Fe-base alloys, and. perhaps, other 
metais would not have a significant. direct effect on the gas and H20 budget of WIPP disposal rooms. 
However. this process could be impomm from the standpoint of the Oi budget of the repository. The 
Oi budget will in mm affect bow soon the repository becomes anoxic after filling and sealing, the extent 
to which microenviromnems dominated by brine radiolysis n:m'lin oxic, whether gas is consumed or 
produced, and which gases are consumed and produced. The Oi budget· will also affect the oxidation 
swe of radionuclides and hence their chemical behavior. Therefore, Gamer and I have added the 
following reaction to the reaction-path gas-genenlion model to simulate oxic corrosion: 

2Fe + HP + l .SOi • 2"Yfe0<0H) (1) 

We are using this reaction beca11se N. R. Sonmsen. 1832, observed that 'YFeO(OH) (lepidocrocite) was 
the most abundam corrosion produce in oxic. jnuncl•red experimema carried out for the Sttategic 
Petroleum Reserve Project. Sorensen also observed Fe,O. u a major corrosion product and 8FeO(OH) 
as a minor corrosion produc:L Therefore, Gamer and I may also add an equation simularing the 
formation of Fe,O.. (Addition of an equation for tfFeO(OH) would not change the stoichiomeay of 
Reaction 1). · 

Fat my best es• im•re of tbe OrcommnPdon rare for oxic corrosion, I recamniend S moles per 
ur of steel per year. tbe value (rounded off to one sipificam fipre) reported by Molecke (1979). 
Lappin et al. (1989) estimared that there are 6 ur of steels and other Fe-base alloys per drum of CH TRU 
WUte, 4 ur for CH TR.U WW comainers and ID esrimared 2 ur for tbe Fe-base alloys in CH TRU 
wuie. (Tbae values do DOC include sreel or other Fe-base alloys in cmisren or plup to be med for RH 
TRU wuie. any steels or odm Fe-bue alloys connimd in RH TRU wuie, or steels or other Fe-base. 
alloys med for ground suppon in tbe WD'P undeqrouDd worldnp.) Therefore, this rare is equivalem , , 
to 30 moles of Oi per drum of CH TRU waste per year. 1 c:ompured tbe oxic-c:orrosion rare u follows • . 



The rate at which Fe is consumed by Reaction 1 is: 

((2 moles Fe) I (1.5 moles 0~) · 5 moles 01(m2 · yr) 

= 6.67 moles Fe/(m2 • yr). (2) 

(Only one of the figures in this and the following equations are significant. but I did not round off until 
the end of these calculations.) This rate is equivalent to: 

6.67 moles/(m2 · yr) · 5.5847 · 10·2 kg/mole 

= 3.7231 · Ht1 kg/(m2 ·yr). (3) 

In EqUation 2. "5.5847 · 10·2 kg" is the mass of a mole of metallic Fe. The thickness of the layer of Fe 
removed from the surface per year is: 

3.7231 · 10·1 kg/(m2 ·yr) I 1.86 · 103 kg/m3 

• 5 · Ht' mlyr. (4) 

In EqUation 4, "7.86 · 103 kg/ml" is the density of metallic Fe. This rate is equivalem to about 50 µm 
of steel per year (Table 2). I cannot compare these esrimares of 0 1-consumption or corrosion rates with 
previous estimates because l did not estimate these rates for oxic corrosion of steels for the 1991 and 
1992 PA calculations (see Brush. 1991). 

My minimum estimates of Oi-consumption and corrosion rates for oxic corrosion of steels and 
other Fe-base alloys under inmyfaud conditions. 0 moles per m2 of steel per year or 0 moles of ~ per 
drum of CH TRU waste per year and 0 µm of steel per year (Table 2). are based on the possibility of 
passivation by formation of an adherent corrosion product (see Anoxic Corrosion below), or by 
precipiwion of salts on the surfaces of corroding meals due to the consumption of H10 during oxic 
corrosion of steels. other Fe-base alloys. and. perhaps. other meWs. Although laboratory studies have 
not demonstrated these mechanisms yet. they are possible. especially (in the case of the latter mechanism) 
if microbial degradation of cellulosics and brine radiolysis also consume significant quamities of H10 ... 

My maximum esritmres of Oz-consumption and corrosion mes for oxic corrosion of steels and 
other Fe-base alloys under immdaud conditions (Table 2) are based on estimates of the effecu of pH on 
these rates. I have Dal yet considered the effects of total pressure. the panial pressures of gases expected 
in WIPP dilpaal rooms. or temperamre on oxic corrosion. However. I have considered the effecu of 
these facrod on amxic corrosion (see below): the analysis for moxie corrosion suggests dw pH is the 
most imponam of these facron. In the case of oxic corrosion. ~-consumption and corrosion rates are 
inversely praponioaal to pH. I used the invene relationship between pH and oxic-corrosion mes 
observed experin.,ally for applicllions ocher than the WIPP Project and esrimares of the raqe of pH 
expected in WIPP disposal rooms after filling and sealing to estimate the muimun values of these rates. 

I IP'nne that the OrcomumPDon me of s moles per rrr of steel per year (Molecke. 1979). which 
I used for my best esrimre of this and other rares under immcland conditiom (Table 2). pemiDS to 
Rac:lion 1 ll a namal or nearly nmmal pH. funbermore. I expect dm die pH in WIPP disposal rooms. 
will vary between about 3 and 12. Altboqb ota;rw1 with deionized HP. me results of Uhlig and Revie 
(1963) mgest thl1 the OrcomumPDon and corrosion rates for oxic corrosion of sreels are coDSWJt or 
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essentially constant between a pH of about 4 and 10. that these rates are higher by about a factor of 1.5 
at a pH of 3. and that they are lower by a factor of 0.6 at a pH of 11 and by a factor of 0.4 at a pH of 
12. Therefore. the possibility of pH values as low as 3 in WIPP disposal rooms necessitates multiplying 
my best estimates in Table 2 by a factor of 1.5: 

1.5 · 5 moles/ml = 8 molesl(m2 · yr); 

1.5 · 30 molesl{drum · yr) = SO moles/{drum · yr); 

l.S · 50 ,an/yr • 80 p.m/yr. 

{Sa) 

{Sb) 

(Sc) 

These are my maximum estimates. rounded to one significant figure. of these rates under inundated 
conditions (Table 2). Because they are maximum estimates. I have rounded them up in all three cases. 
The effects of basic conditions on oxic corrosion need not be considered at this point because. although 
they decrease these rates. my minimum estimates are already 0 moles of 0: perm: of steel per year. 0 
moles of 0 2 per drum of CH TRU waste per year. and 0 µm of steel per year because of possible 
passivation (see above). 

My best estimates of 0 2-conswnption and corrosion rates for oxic corrosion of steels and other 
Fe-base alloys under humid conditions are 0.5 moles of 0 2 per m2 of steel per year. 3 moles of 0 2 per 
drum of CH TRU waste per year. and S µm of steel per year (Table 3). I arbitrarily assume that these 
rares are one tenth of my current best emmares for oxic corrosion under inundated conditions (Table 2). 
I did not estimale these rates for oxic conosion of steels for the 1991 and 1992 PA calculations (Brush. 
1991). 

My arbitrary mir.imum estimates of 0 2-consumption md corrosion rates for oxic corrosion of 
steels and other Fe-base alloys under humid conditions are also 0 moles of 0 1 per m2 of steel per year. 
O moles of 0 2 per drum of CH TRU waste per year. and 0 µm of steel per year {Table 3). 

My maximum estimates of 0 2-consumption and corrosion rates for oxic corrosion of steel and 
other Fe-base alloys under humid conditions are S moles of 0 2 per m2 of steel per year. 30 moles of 0 2 
per drum of CH TRU waste per year. and SO pm of steel per year (Table 2). I arbitrarily assume th.al 
these rares are identical to my current besl esrimares for oxic corrosion under inundated conditions (Table 
2). 

If oxic-corrosion rates under humid conditions affect the overall performance of the repository 
significamly, labomory smdies will be nrcessary to replace these arbitrary estimares with experimemally-
based resulis. · 

Anoxic Corrosion 

Allaxic conosion of steels. ocher Fe-base alloys,· and, perhaps, other meW5 may, if brine is 
present, pftkluce sipificam quantities of H1 and conswne significant quantities of H20 (Lappin et al •• 
1989; Brush, 1990). 

I used thermodynamic caJc:ulaDons and labomory smdies carried om .for applications ocher than 
the WIPP Project to predict the behavior of steels and other Fe-base alloys under expected WIPP 
conditions (see Brush. 1990). I am mendq these thermodymmic caJc:ulaDons to support of the 
developmem of the ramcm-padi ps-generation model (see INTRODUcnON above). 



R. E. Westemwl and M. R. Telander of Pacific Northwest Laboratory (PNL) are carrying out 
laboratory studies of anoxic corrosion for the WIPP Project. So far, they have studied two heatS each 
of the low-C steels ASTM A 366 and ASTM A 510 under inundated conditions (specimens immersed in 
Brine A) and humid conditions (specimens suspended above Brine A) with initially pure aanospheres of 
N2, C02, and HiS at low pressures (about 1 to 15 atm) at 30 ± 5°C. ASTM A 366 simulates the waste 
drums to be emplaced in the repository; ASTM A 510 simulates the boxes. Brine A is a synthetic brine 
that, although developed to simulate fluids equilibrated with K• - and Mg2• -bearing minerals in overlying 
potash-rich zones prior co entering the repository (Molecke, 1983), is coincidentally similar in 
composition to intergranular brines from the Salado Fm. at or near the stratigraphic horizon of the WIPP 
underground workings. Westerman and Telander have also conducted experimerus with these steels under 
inundated conditions with initially pure N1, C02, and H2 at high pressures (about 35 or 70 attn). Finally, 
they have performed preliminary experimems with these steels in simulated backfill materials (crushed 
salt and a mixture of 70 wt 3 crushed salt and 30 wt 3 bentonite) at low pressures. WestenilaD and 
Telander also plan to study anoxic corrosion of Al and Al-base materials. 

Telander and Westennan (in prep.) have identified three likely anoxic~orrosion reactions. At 
low fugacities (similar to partial pressures) of C02 and HiS. the reaction observed in 3-. 6-, 12-, and 24-
month experiments appears to be: 

(6a) 

However. Brush (1990) calc:ulaled that Fe(OH)z is unstable with respect to Fe,O •. Therefore, significant 
quantities of steels and other Fe-base alloys could evemually corrode via the reaction: 

(6b) 

At relatively high C02 fugacities, the experimentally observed reaction is: 

(7) 

Fonnation of the adherent corrosion product FeCO, (siderite) by this reaction will passivate steels and, 
presumably, other Fe-base alloys after the consumption of various quantities of COi. Curremly, 
labowory smdies al PNL suggest a nnge of 0.33 to 2.2 moles of COi per nr of steel for the amoum of 
C02 required for pusivation. depending on the COi panial pressure and the pH of the brine. However, 
I do not recommend revision of the average-stoichiometry gas-generation model to include passivation. 
To avoid poremial criticism. inclusion of dlil process would also necessitate the inclusion of 
depassivation. the simularion of which would require a n:action-padi model such as.the one Gamer and 
I are developing. 

Fmally. al relatively high HiS fupciiies. the experimemally observed reaction appears to be: 

(Ba) 

Labowory smdies al PNL suggest that dlil fc:action also pusiVateS steels and other Fe-bac alloys. 
However, I do not recommend revision of the averqe-stoichiommy model to include passivation by this 
reaction for the reuom given in collllf'Crlon with Equation 3 (above). 

A llrcnmre review by Tel•ncler and Wesrerman (ill prep.) and thermodynamic calc:ullliom for 
the reacdon-padl model have jdenrified anorber possible ramon involving Hi$: 
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Fe + H:S = FeS + H1. (8b) 

The literamre reviewed by Telander and Westerman (in prep.) suggests that this reaction does not 
passivue steels and other Fe-base alloys. Table 1 summarizes these anoxic-corrosion reactions. 

In addition to these corrosion reactions. there exist numerous likely reactions among Fe-bearing 
corrosion products such as Fe(Offh, Fe,04, FeCO,, FeS. and FeS1• Gamer and I are incorporating these 
reactions in the reaction-path model to predict. among other things. if and when depassivation of steels 
will occur. I do not recommend revising the average-stoichiometry model to include reactions among 
corrosion products. 

My best estimares of Hi-production and corrosion rates for anoxic corrosion of steels and other 
Fe-base alloys under inund11ed conditions are based on data reponed by Telander and Westerman (in 
prep.) They obtained average Hrproduction rates of 0.19. 0.21. 0.16. and 0.10 moles per m2 of steel 
per year in experiments carried out under inundued conditions with initially pure N1 at low pressures 
(about 10 to 15 aan) for 3. 6. 12. and 24 months, respectively. Because there are 6 m: of steels and 
other Fe-base alloys per drum of CH TRU waste (Lappin et al.. 1989). these rates are equivalent to 1.14. 
1.26. 0.96. and 0.60 moles of Hi per drum of CH TRU waste per year. The average corrosion rates in 
che 3-, 6-. 12-. and 24-month runs were 1.97, 1.72. 1.23. and 0.99 µm of steel per year. For my best 
estimates. I prefer values of 0.1 moles of Hi per nr of steel per year or 0.6 moles of H1 per drum of CH 
TRU waste per year and 1 µm of steel per year (see Table 2). These rates. from the 24-month 
experiments at PNL. are less by as much as about a faaor of two than the rates observed in the 3-, 6-, 
and 12-momh runs. Therefore. my best esrimares are now half or about half those provided for me 1991 
and 1992 PA calculations (Brush. 1991). 0.2 moles of H2 per m2 of steel per year, 1 mole of Hi per drum 
of CH TRU waste per year. and 2 µm of steel per year, for which I used the 6-month results. 

Stricdy speaking, my best emmares of Hi-production and corrosion rates for anoxic corrosion 
of steels and other Fe-base alloys under im1nctared conditions (Table 2) pertain only to Reaction 6a. the 
reaction which apparently occurs widl initially pure Ni at low and high pressures. However. I arbitrarily 
assume that, at any given pH. Reactions 6b. 7, Ba. and Sb occur at dle same rate as Reaction 6a. 
Therefore, my best estimates also apply to these reactions. Cearly, Reaction 7 proceeded much faster 
than Reaction 6a in low-pressure, jrmnctared ezpaimam at PNL. at least prior to passivation (below). 
However, this was probably beca11se die pH of Brine A was much lower in runs widl initially pure C01 
at low pressures dlan in rum widl inilially pure N2 at low pressures. I describe me effem of pH in dle 
discussion of my mujmum estimam for IDDXic corrosion under immdated conditions. (below). 

My minimun mfimam of~ and cmrosion rates for anoxic corrosion of steels and 
other Fe-base alloys under imuvtated conditions (Table 2) are based on passivation obseived by Telander 
and Westerm111 (in prep.) in 6-, 12·. and 24-momh. low-pressure (about 12 to lS aan) experimml with 
initially pure <Di- ID dlae 111111. die ffrproduclion and corrosion rates were hip initially but dlcreaed 
to 0 moles of Hi per rr of steel per year or. 0 moles of Hi per dnun of CH TRU waste per year and 0 
µm of steel per year after abam 3 or 4 a:mmbs due to passivation by Reaction 7 (above). Pmivllion u 
t11t!se pressura apparendy required 0.33 moles of COi per m2 of steel. a Vflr/ small qwmtity relldve to 
the total microbial COz proch'Crion pnunri••. My nrinmnun eaimam of these rates ue idearjc:al to those 
provided for die 1991 and 1992 PA calrJdaricn (Bmsb. 1991). However. TeJ•ncter and Wwm (in 
prep.) have now complemd 12- and 24-mDmb e:xpaimml. which confirm the results of die 6-lnontb 
runs. Funbermore. since pnparina their npon. Westerman and Tel•ncter have also observed pmivllion 
in 6- and 12-momh, biah-preaure (abom 36 to 40 IDD) 111111. These hip.pressure tesll partially ldclress . 
the concerns of tbme who da;nwt dm bi&h COi pmia1 pressures and CODCOm.iram acidific:uion of brine 
would dembilim the pusivuiDa film of FeCO, and resan anoxic cmrosion and H2 production. 



Experiments carried out to date suggest that these high CO: panial pressures increase the quantity of C02 

required to passivate steels somewhat. from 0.33 to 2.2 moles per m.: of steel. However, this 
requirement is still very small relative to the total microbial CO: production potential. On the other hand. 
these high C02 panial pressures apparently decrease the time required for passivation somewhat from 
about 3 or 4 months to 2 months. 

At least two other passivation mechanisms are possible. Fim. after a few days of H2 production. 
Telander and Westennan (in prep.) have o~served passivation of steels under inundated conditions with 
initially pure HiS at low pressures (about 5 to 6 aan) for up to about 200 days. This is probably due to .. 
formation of the adherent corrosion product FeS2 (pyrite) by Reaction 8a (above). Based on preliminary 
results obtained with the reaction-path model, Garner and I think that FeS2 formation may be unlikely 
in WIPP disposal rooms. This is because H~ fugacities high enough and C02 and H2 fugacities low 
enough to stabilize F~ may be unlikely, given expected stoichiometries for microbial gas-production 
reactions. Therefore. passivation by FeC03 appears more likely than passivation by FeS2• However. the 
latter is still possible. 

A second passivation mechanism is precipitation of salts on the surfaces of corroding metals due 
to the conswnption of H20 during anoxic corrosion (see Oxic Corrosion above). 

The results of laboratory studies of anoxic corrosion at PNL demonstrate that passivation of 
steels, at least by FeC03, is a real phenomenon under at least some combinations of conditions expected 
in WIPP disposal rooms. However, based on preliminary results of modeling studies, Garner and I 
believe that depassivation of steels is also possible, especially if consumption of CO: by Ca(Offh (in 

·hydrated cememitious materials) and CaO (a potential backfill additive) decrease the fugacity of C02 

below values required to stabilize FeC03• Nevenheless, minimum estimates of 0 moles of H1 per m2 of 
steel per year or 0 ~oles of H2 per drum of CH TRU waste per year and 0 µ.m of steel per year seem 
justified at this time. 

For my maximum estimates of H2-production and corrosion rates for anoxic corrosion of steels 
and other Fe-base alloys under inundated conditions (Table 2), I estimated the effects of pH. pressure. 
and temperamre on these rates. These H2-produclion and corrosion rates are: ( 1) inversely proportional 
to pH: (2) proportional to the partial pressures of C02 and. probably, H~ (both of these gases decrease 
the pH of any brine they are in comacc with as their partial pressures increase); (3) proportional to the 
panial pressure of N2 and hence the total pressure: (4) inversely proportional to the partial pressure of 
H2: (5) probably proportional to temperatme. I used estimated or experimentally measured reluionships 
between these parameters and the H2-production and corrosion rates, and estimates of the extreme values 
of these panm:rers in the repository after filling and sealing to estimate the maximum values of these 
rates. 

Tel•mler and Wesu:nmn (in prep.) reponcd dm the pH of Brine A, initially 6.7, increued to 
values of 8.3, 8.3, and 8.4 after the 6-, 12-. and 24-momh. low-pressure experimems with initially pure 
N2• (Ibey did not report the pH of Brine A after the 3-momh runs.) Therefore, the best esrinmes of 
these rates (Table 2) penain to Reaction 6a at a neum.l or nearly neum1 pH. I expect that the pH in 
WIPP disposal rooms will vary between about 3 and 12. Although obtained for applications other than 
the WIPP Project. the results of Uhlig and Revie (1963) and Grauer et al. (1991) suggest that the H2-

prodw:tion and corrosion rates for anaxic corrosion of steels are constam or essentially constallt between 
a pH of aboul 4 and 10, dm these rates are higher by about a factor of SO aE a pH of 3, and dllt they 
are lower by a flcror of 0.05 at a pH of 11 and by a facror of 0.005 at a pH of 12. Therefore, the 
possibility of pH values u low u 3 in WIPP disposal rooms necessiwes nmldplying my best estimates 
in Table 2 by a flcror of 50: 



50 · 0.10 moleslnr = 5 moles/(m: · yr); (9a) 

SO · 0.60 moles/(drum · yr) = 30 moles/(drum · yr); (9b) 

SO · 1 p.miyr = SO µ.miyr. (9c) 

If acidification is caused by C01 or, perhaps, H1S (see below), the increase in rates described above may 
only be temporary due to passivation of steels by FeC03 or, perhaps, FeS1• However, organic acids 
produced by microbial degradation of cellulosics in the waste (below) could also acidify the brines in 
WIPP disposal rooms. These acids may not result in passivation of steels. The effects of basic 
conditions on anoxic corrosion need not be considered here because. althou2h thev decrease these rates. 
my minimwn estimates are already O moles of H2 per nr of steel per year o; 0 m~les of H1 per drum of 
CH TRU waste per year and 0 µm of steel per year because of passivation (see above). 

Based on the results of 6-month experiments, Telander and Westerman (in prep.) reponed that 
an N1 panial pressure of 73 atm increased the average corrosion rate of steels by about a factor of two 
from that observed at an N2 panial pressure of 10 aan. Because 73 aan is about half of lithoswic 
pressure at the depth of the WIPP underground workings. I assume that total pressure (the effecu of 
which should be equivalent to those of high N1 panial pressure) could increase the H1-production and 
corrosion rates for steels and other Fe-base alloys by as much as a factor of four. Therefore. the effect 
of lithoswic pressure on the rates estimated for the lowest pH expected in the repository necessiwes 
multiplying the rates obtained from Equations 9a. 9b, and 9c by a factor of four: 

4 . s moles/ar = 20 moles/(nr . yr); 

4 · 30 moles/(drum · yr) = 120 molesi(drum · yr); 

4 . so p.m/yr = 200 p.m/yr. 

(10a) 

(10b) 

(10c) 

High C02 and HiS panial pressures should increase the Hl'i>roduction and corrosion rates for 
anoxic corrosion of steels and other Fe-base alloys under inundated conditions. at least prior to 
passivation, because the solubilities of these gases in aqueous solutions are proponional to their partial 
pressures and they form the weak. diprotic acids H?C03 and HiS after dissolution. Although weak. these 
acids do deprotoiwe to some extent, thus acidifying solutions in contact with these gases. However. I 
have already included the effects acidification on anoxic corrosion (see above). 

The results of 6- and 12-momh experimems carried om by Telander and Westerman (in prep.) 
suggest that H1 panial pressures of 3S. 69. and 70 11m decreased the average corrosion me of steels by 
about a facror of five from that observed at the H2 panial pressures in the low-pressure runs. High H2 
partial pressures bave the opposite effeci of high N1 panial pressures (or total pressure) because H2 is a 
product of RacDom 6a. 6b. 7. Ba. and Sb. The effects of high Hi partial pressures on anoxic corrosion 
need noc be addressed funber 1Jeca11se. although they decrease these mes. my minimum estimares are 
already 0 moles of Hi per flf of steel per year or 0 moles of Hi per drum of CH TRU waste per year 
and 0 pm of sud per year i>ecat•se of passivation. 

Telander and WestermaD (in prep.) bave carried out all of their labomory studies of anoxic 
corrosion at 30 ± s•c. I usume dW the cempemure durinc their experimems WU normally disttibub:d 
about a value of 3o•c. Then:fore. their average rates pertain to this tempemure. I also assume a 
tempemure of 30 ± 3 •c in WIPP disposal rooms after flllins and sea.line. This is slightly above the , , 
in situ temperature of 21•c at a subsurface depd1 of 2.1so feet because of the small amoum of heat 
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produced by RH TRU waste and. to a much lesser extent. by CH TRU waste. Finally. I asswne that a 
10°C increase in temperature would increase the rates of Reactions 6a. 6b. 7. Sa. and Sb by a factor of 
two. Therefore, the effect of a temperamre of 33 °C on the rates estimated for the lowest pH and highest 
total pressure expected in the repository, based on experiments carried out at 30 :: S 0 c. requires 
multiplying the rates obtained from Equations lOa, lOb, and lOc by a factor of 1.23 (obtained from 2«» · 
301110'): 

1.23 · 20 moles/(nr · yr) = 20 moles/(nr · yr); 

1.23 · 120 molesl(drum · yr) • 100 moles/(drum · yr); 

1.23 · 200 µ.miyr = 200 µ.m/yr. 

(Ua> · 

(llb) 

(l lc) 

These are my maximwn estimates, rounded to one significant figure. of these rates under inundated 
conditions (Table 2). They are significantly higher than those provided for the··l991 and 1992 PA 
calculations (Brush, 1991), 0.4 moles of H1 per m2 of steel per year or 2 moles otH1 per drum of CH 
TRU waste per year and 3 µm of steel per year, bec:ause the combined effects of pH. high N1 panial 
pressure or total pressure. and temperamre have a much greater effect on these rates than high N1 panial 
pressure. the only factor I included in my previous estimates of the maximum rates under inundated 
conditions. 

My best estimates of H1-produc:tion and corrosion rates for anoxic corrosion of steels and other 
Fe-base alloys under humid conditions are 0 moles of H1 per m2 of steel per year or 0 moles of H1 per 
drum of CH TRU waste per year and 0 µm of steel per year (Table 3). These rares are less than those 
provided for the 1991 and 1992 PA c:a!culations (Brush, 1991 ), 0.02 moles of H1 per rrr of steel per year 
or 0.1 moles ofH1 per drum of CH TRU waste per year and 0.2 µm of steel per year, which I arbitrarily 
assumed were one tenth of the best estinwes provided-at that time for inundated conditions. As of 1991, 
no H1 produaion or corrosion had occurted in 3- and 6-montb humid. low-pressure experiments with 
initially pure N1 or C01, except for very limited H1 produaion due to corrosion of some of the bottom 
10% of the specimens splashed with brine during pretest preparation procedures. Since then, Telander 
and Westerman (in prep.) have obtained identical results from 6- and 12-montb runs. These results 
confirm and extend the results of the 3- and 6-momh runs. Therefore. I have reduced my best esrimares 
as described above. 

My minimun estimates of H1-produaion and corrosion rares for anoxic corrosion of steels and 
other Fe-base alloys under humid conditions are also 0 moles of H1 per m2 of steel per year or 0 moles 
of H1 per dnlm of CH TRU waste per year and 0 ,am of steel per year (Table 3~. These minimum 
estimares are identical to those provided for the 1991 and 1992 PA calculations (Brush. 1991). 

My ubitnry maxinnun esrimares of H1-produc:tion and corrosion rares for anoxic corrosion of 
steels and ocbm' Fe-bale alloys under humid coaditiom are 0.01 moles of H2 per m2 of steel per year or 
0.06 moles of Hz per dnlm of CH TRU waste per year and 0.1 µm of steel per year (Table 3). I 
arbitrarily assume dW these mes are one temh of my cum:m best esrimares for anoxic corrosion under 
inundated conditions. My maximum estinmes for humid conditions are less than those provided for the 
1991 and 1992 PA calculat.ions (Brush, 1991), 0.2 moles of H1 per m2 of steel per year, 1 mole of H1 
per drum of CH TRU waste per year, and 2 1'111 of steel per year, which I arbitrarily assumed were 
identical to the bell mjmares provided ll dJll time for imM•trd conditions. 
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If anoxic-corrosion rates under humid conditions significantiy affect the behavior of the 
repository, additional laboratory studies will be necessary to replace these arbitrary estimates with acrual · '" 
experimental results. 

MICROBIAL ACTIVITY 

Microbial degradation of ccllulosics and. perhaps, plastics and rubbers in the waste to be 
emplaced in WIPP disposal rooms may; if sufficicm brine or H:O vapor, nutrients. and viable 
microorganisms are prescm, produce or consume significant quantities of various gases and produce or 
consume significant quantities of H:O (Lappin ct al .• 1989: Brush. 1990). The gases produced could 
include C02, CH,, H:S, N2, and NH,; the gases consumed could include CO~, H: and O~. 

Brush (1990) applied the conceptual model of sequcmial usage of electron acceptors by 
microorganisms in narural environments (sec. for example, Froelich ct al .• 1979: Bemer. 1980) to WIPP 
disposal rooms. In natural environmems. the observed sequence is aerobic respiration, NO; reduaion. 
reduction of Mn(IV) oxides and hydroxides, reduaion of Fe(lll) oxides and hydroxides, S0.2" reduction. 
and methanogenesis. Alternatively, reduction of MD(IV) oxides and hydroxides may precede NO,· 
reduction. Based on which potential electron acceptors will be presem in significam quantities in the 
repository after filling and sealing, I concluded that denitrification. so,2• reduction. fermenwion. and 
methanogenesis are potemially significant microbial processes (see Brush. 1990). 

A. J. Francis and J. B. Gillow of Brookhaven National Laboratory (BNL) are carrying out 
laboratory studies of microbial gas production for the WIPP Project. Curremly, they are conducting 
shon- and long-cenn Cup to 24-montb) studies of microbial degradation of papers under inundated 
conditions with and without addition of elec:uon acceptors and bemonite, amendmem with nuuiems, and 
inoculation with halophilic microorganisms from the WIPP Site and vicinity. They are also planning 
similar experiments under humid conditions and experiments with other potcmial substrates such as 
irradiated and unirradiated plastics and rubbers. 

Aerobic Microbial Activity 

I concluded that aerobic microbial activity will not affect the gas and H20 budgets of WIPP 
disposal rooms directly (see Brusb, 1990). However, this process could affect the~ budget of the 
repository significamly. 1be 0 1 budget will in tum affect the chemical behavior of the repository (see 
Oxic Corrosion above). Funhermore. Francis and Gillow (in prep.) have observed significant aerobic 
microbial activity. Therefore, Gamer and I have added it to the reaction-path gas-generation model. 

Duriq aerobic microbial activity (or any other microbial process) the degradation of organic 
matter is compla and involves several imermedWe su:ps usually medimd by differem microorpniams. 
Geochemists have described microbial processes by writing ~implified overall equations. Bemer (1980) 
used the tollowing equation to represcm aerobic microbial activity: 

CHiO + 0i • HiO + COi. (12) 

This equation uses the fonnula CHiO (a simplified fonnula for glucose) to represent the substrlle (mainly 
papers and other cellulosics in the case of the WIPP) and does not include the synthesis of cellular· 
material (biomass) by microorganisms. Tbese approximations are cenainly adequare for the average
stoic:hiommy ps-genemicm model, bul may DOC be for the reaction-padl model. 
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Anaerobic Microbial Activity 

I also concluded that microbial denitrification could significantly affect the gas and H20 budgets 
of WIPP disposal rooms (see Brush. 1990). Furthermore. Francis and Gillow (in prep.) have observed 
production of significant quantities of N20, a precursor of N2 and an indicator of denitrification. 
According to Bemer ( 1980), the overall equation for denitrification is: 

(13) 

Microbial reduction of Fe(lll) oxides and hydroxides will not affect on the gas and H?O budgets 
of WIPP disposal rooms significantly (Brush. 1990). However, Femn reduction could affect the O~ 
budget. which will in rum affect the chemical behavior of the repository (see Oxic Corrosion): 
Therefore, Gamer and I added five possible Fc(lll)-reduction reactions to the reaction-path model: 

CH20 + 4Fe0(0H) + H20 = 4Fe(OH)2 + C02 

CH20 + 4Fe0(0H) = l .33Fe:,o. + l .67H20 + co? + l .33H2 

CH20 + 4Fe0(0H) + H20 + 3C02 = 4FeC03 + 4H20 

CH20 + 4Fe0(0H) + 4H~ = 4FeS + 7H?O + C01 

CH20 + 4Fe0(0H) + SH~ = 4F~ + 7H20 + C02 + 4H2 

(14a) 

(14b) 

(14c) 

(14d) 

(14e) 

Finally, microbial SOl reduction could affect the repository gas and H20 budgets significantly 
(Brush. 1990). Francis and Gillow (in prep.) have not analyzed for H2S, a product of S0.2· reduction. 
However. they have observed blac!cening, an indicau>r of so.2

• reduction. in some of their experimems. 
Bemer ( 1980) gave the following overall equation for SOl reduction: 

(lS) 

Finally, Brush (1990) concluded Um microbial fennenwion and mcthanogcnesis could 
significantly affect the gas and H20 budgm ofWIPP disposal rooms. Francis and Gillow (in prep.) have 
not analyzed for CH.. a product of medwv>genesis. However. it would be almost impossible to rule out 
methanogenesis in the repository if other microbial processes are expected. Bemer's (1980) overall 
equation for mclhanogcnesis is: 

(16a) 

However. the simulraneous presence of COi and H2 in the repository could faciliwe the following 
reaction proposed by Francis and Gillow (in prep.): 

(16b) 

Gamer and I will include both of these equations in the reaction-path model and will probably Use 
Equation 16b whenever both CC>i and H2 are present. 

Francis and GWow (in prep.) observed aerobic respiration. deniaific:ation. and SO." redw:Uon 
in their long-term smdy of microbial degradation of papers under inundatt:d conditions. So far, the gu
production rues observed in these e:xpezimems have all been within the range estimated by Brush (1991) 
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for the 1991 and 1992 PA calculations. There is probably no justification. at least on the basis of the 
results obtained by Franc1S and Gillow to date:. for reducing the: previously-estimated range:. On the: other 
hand. there is certainly no justification for extending it. Therefore, I recommend using the previously
provided rates again. My best estimate: of the total microbial gas production rates from Ill of the 
processes described in Reactions 12 through 16a (above) under inundated conditions is 0.1 moles of gas 
(C02, CH., H~ and NJ per kg of cc:llulosics per year. There are 10 kg of cellulosics per dnun of 
CH TRU waste: (Brush. 1990). (These values do not include: any cc:llulosics in RH TRU waste.) 
Therefore:. this rate is equivalent to 1 mole of gas per drum of CH TRU waste per year. My minimum 
estimate for inundated conditions is 0 moles of gas per kg of cc:llulosics per year or 0 moles of gas per 
drum of CH TRU waste: pc:r year. My maximum estimate is 0.5 moles of gas per kg of cellulosics per 
year or S moles of gas pc:r drum of CH TRU waste per year. 

Mc:thanogenesis by Reaction 16b could consume: significant quantities of CO: and especially H1. 

Francis~ Gillow (in prep.) have not observed this reaction yet. However, if it occurs under expected 
WIPP conditions. this reaction could consume a significant fraction of the C01 produced by microbial 
activity, the H2 produced by anoxic corrosion, or even both, depending on the ratio of CO: to H:O in 
the repository and the extent to which it proceeds. I have not estimated rates for this rcaaion yet. 
Predictions of the: effects of this methanogenic reaction on the gas and H10 budgets of the repository will 
require measurements of its rates of gas consumption under expected WIPP conditions and its 
incorporation in the reaction-path model Gamer and I are developing. However. it may be possible to 
esti.rnate the rate of Reaction l6b from studies carried out for application other than the WIPP Project. 

Because Francis and Gillow (in prep.) have not reponed any results for hwnid conditiom yet, I 
recommend using the same microbial gas-produaion rues provided for the 1991 and 1992 PA 
calculations (Brush. 1991). My arbitrary best estimate of the total microbial gas production rates from 
all of the processes described in Reactions 12 through 16a (above) under humid conditions is 0.01 moles 
of gas per kg of cc:llulosics per year or 0.1 moles of gas per drum of CH TRU waste per year. My 
arbitrary minimum estimue for humid conditions is 0 moles of gas per kg of cc:llulosics per year or 0 
moles of gas per drum of CH TRU waste per year. My arbitrary maximum estimate is 0.1 mole of gas 
per kg of cellulosics per year or 1 mole of gas per drum of CH TRU waste: per year. I have not 
estimated any rates for methanogenesis by Reaction l 6b yet. 

Francis and Gillow are now carrying om laboratory studies of microbial gas produaion under 
conditions at BNL. Results from these studies will evemually replace these arbitrary estimates. 

RADIOLYSIS 

The rates of gas production from ndiolysis of H10 in brine and sludges in WIPP disposal rooms 
and radiolysis of cellulosicl, plastics and rubbers in the waste will probably be significandy less dlan 
those expected from moxie conosion or microbial activity (Molecke. 1979: Brush. 1990). However, 
even if these radiolytic gas-production rates are low. Gamer and I will include radiolysis in the reacdon
path gas-generation model we are developing to: (1) deramine if, in the evem dw the rates and 
quantities of gas produced by anoxic corrosion and microbial activity tum om to be smaller than 
expected. radiolysis is still a minor gas-producrion mechanism: (2) predict the 0 1 budget of the repository 
(see Oxic Corrosion above). 

D. T. Reed and S. Okajima of Argonne National Laboratory (ANL) have quantified gas. 
production from a radiolysis of WIPP brines as a function of dissolved ~ concentration and brine 
composition. It is possible to use their results to c:aJallare ps-prodw:tion rates for other Pu isotopes. 
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paniculate Pu in contact with brine (colloids suspended in brine, undissolved panicles in the waste, and 
precipitated panicles), and other actinide elemems dissolved, suspended. or otherwise in comact with 
brine. However, 1 did not have time to do so prior to submission of these estimates to PA. Instead. 1 
considered only dissolved 23'Pu. I am currently gathering the information required to extend these 
calculations to include other Pu isotopes, paniculate Pu. and imponam isotopes of other actinide 
elements. Evemually, Gamer and 1 may include some or all of these other factors in the reaction-path 
model. 

Reed and Okajima (in prep.) have· observed H1 production. but not~ production, from brine 
radiolysis in experiments carried ow with 21'Pu. Recemly, they have observed production of both H1 and 
0 1 in runs conducted with 231Pu. These studies and previous laboratory studies reviewed by Reed and 
Okajima (in prep.) suggest that, given sufficiently high absorbed doses. the 0 1 production rate eventually 
approaches 50% that of H1 in both pure H10 and brines. Strictly speaking, 0 1 is not a direct product of 
the radiolytic decomposition of H10. Instead. 0 1 fonns by the breakdown of 0-containing intermediate 
species, such as H1~ in pure H10 and, possibly, aol· (chlorate) or ClOi (perchlorate) in brines. On 
the other hand, it is possible that these intennediate species will react with electron donors (reducwus). 
such as steels. other Fe-base alloys, other metals, or organic matter, before they produce significant 0 1• 

However, to simplify brine radiolysis for the reaction-path model. Gamer and 1 are using the equation: 

(17) 

Initially, we will assume that this process produces 0 1 immediately. We may include a realistic induction 
period to account for the necessary build-up of O-comining imermediare species once the laboratory 
studies under way at ANL quantify the absorbed dose required to initiate 0 1 prodUction. We will then 
he able to calculate the time required to attain this dose as a function of the dissolved and suspended 
concenrrarions of radionuclides in WIPP brines. Until these results become available. the reaction-path 
model may overestimue the time required for the repository to become anoxic and overestimale the 
proportion of the waste that remains oxic in microenvironmems in which brine radiolysis is the 
predominant redox-deiennining process. 

Reed and Okajima (in prep.) reponed G(HJ values of 1.1to1.4 molecules per 100 eV for Brine 
A and ERDA-6, two symheric WIPP brines. and DH-36 and G-Seep, two brines collected from the WIPP 
underground workings. The observed G(HJ values are independent of the dissolved D9J>li concemmion 
in these experimems. Gamer and I plan to use wlils of moles of H1, Oi. or H1 plus 0 1 per nr of brine 
per year in the reaction-path model. Therefore, 1 convened the results of Reed and Okajima (in prep.) 
from units of molecules per 100 eV to units of moles per nr of brine as follows. 

For a dissolved D9J>li concemration of 1 M, there are 2.39 · 102 g of D9J>li per L of brine. The 
cum:m es• im•re of the quamity of Pu to be emplaced in WIPP disposal rooms and the quantities of brine 
expecred in the repmilory imply that there will not be enough Pu presem to support an aymn Pu 
concc:mruion of 1 M (see below). HOwever. a lmill Pu c:onccmwion of 1 M may be possible in 
microenvironmelll in which Pu is highly soluble. Because there are 1 · 10- L of brine per ~ of brine, 
the mass of mr.i per ur of brine is: 

2.39 · 1<>2 gJL · 1 · lOS uur - 2.39 · 10' g1ur. (18) 

(Only two of the figures in this and the following equations are sipifiCIDl. bur I did not round off umil 
the end of these calo•l•riom.) The activity of mr.i per ur of brine is: 

2.39 · 10' g1ur · 0.0613 cua - t.46507 · 10' cuur). (19) 
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In Equation 19, "0.0613 Cilg" is the specific activity of ::i'Pu. The disintegration rate of 23'Pu per ml 
of brine is: 

1.46507 · IO' Ci/ml · 3.7 · 1010 (d/s)/Ci 

= 5.42076 · 101
' d/(m3 · s). (20) 

In Equation 20, "d" is the abbreviation for "disintegrations," not "days!" The energy~eposition rate per 
ml of brine is: · 

5.42076 · 101
' d/(m3 

· s) · 5.I5 MeV/d 

= 2.79169 · 1015 MeV/(m3 · s). (21) 

In Equation 21, "5.15 MeV/d" is the average energy of an a panicle emined during the disintegration 
of 23'Pu. Changing units gives: 

2.79169 · 10" MeV/(m3 · s) · 1 · 10' eV/MeV · 3.15576 · 107 s/yr 

= 8.80991 · 102' eV/(rrr · yr). (22) 

I used a value of 1.25 molecules per 100 eV for G(Hi) (the midpoint of the range of 1.1to1.4 molecules 
per 100 eV reported by Reed and Okajima (in prep.) for Brine A, ERDA-6, DH-36, and G-Seep) to 
calculate the number of molecules of H1 produced per m3 of brine per year: 

8.80991 · lOZ' eV/(m3 · yr) · 1.25 · 10-Z molecules/eV 

= 1.10124 · 10Z7 molecules/(m3 ·yr). 

The number of moles of H1 produced per m3 of brine per year is: 

1.10124 · 10Z7 moleculesl(ar · yr) I 6.0225 · lOZS molecules/mole 

- 1.8 . 1()1 molesl(nr . yr). 

(23) 

(24) 

In Equation 24, "6.0225 · lOZS molecules/mole is Avogadro's number. Of course, "1.8 · IOI molesl(m3 
· yr)" is acmally the midpoim of a range of 1.6 to 2.0 · lOI molesl(m3 · yr). 

I repe•rwt these calculllions for dissolved ZllPu concemmions of 1 · 10-1, 1 · 10-Z, 1 · l<t', 1 · l<t 
', 1 · Ut', 1 · Ut', 1 · 10'7, 1 · 10', and 1 · 10" M (see Table 4). Again. the quantity of Pu to be 
emplaced in WIPP disposal rooms and the quantities of brine expected in the repository imply dllt there 
will not be enonp Pu prescm to suppon some of these aymn Pu wmaaons (see below). I 
calculated ~ 1'1111 for tbe same dissolved ZllPu concemuions in these brines by mnming 

a value of 0.625 molecules per 100 eV for G(Oi) (half the midpoim of tbe observed range for Gali)) and 
neglecting the induction period for Di production from the breakdown of 0-comaining imetmediare 
species (Table 4). (Bear in mind that Q..conrainjng intermedWe species may rm with elecaon donon 
in WIPP disposal rooms before cbey produce sipific:am <Ji.) Fmally, I calcnlarecl toa1 radiolytic ps
production mes by adding the Hi- and OrProducdon mes (Table 4). 

6-16 



I convened these rates from units of moles of H1• 02. and H1 plus 0: per ml of brine per year 
to units of H2, 0 2, and H2 plus 0 2 per equivalent drum of CH TRU waste per year to ·compare them with 
the rates of gas production from anoxic corrosion and microbial activity. I multiplied each of the rates 
in Table 4 by 135. 305, 525, or 815 ml of brine per WIPP disposal room to convert them to units of 
moles of H2, 0 2, and H2 plus 0 2 per room per year. B. M. Butcher used these estimates of the residual 
gas-accessible void volume in a WIPP disposal room and immediate vicinity for his recent calculations 
of gas-storage capacities. I then assumed that these volumes could become inundated. Of course, brine 
volumes less than 135 m3 are entirely possi~le. Next, I divided Butcher's volumes by 6,800 drums of 
CH TRU waste per room to obtain units of moles of H1, 0 2, and H2 plus 0 2 per drum per year. Tables 
5, 6, and 7 give these rates for H1, 0 1, and H1 plus 0 2, respectively. 

To calculate the maximum average Pu concentrations as a function of brine volume and time 
(Table 8), I used the quantities of brine required to saturate the residual gas-accessible void volume in 
a WIPP disposal room (see above) and referred to the PA code DECAY to obtain the initial Pu inventory 
and decay predictions used for the most recent PA calculations (WIPP Performance Assessment 
Department, 1992). (PA personnel will also use this inventory for the round of calculations to be 
presented to the EPA in February 1994.) At each time (0, 100, 200. 500, 1,000, 2.000. 5.000. and 
10,000 years), I added the quantities of 2JIPu, 23'Pu, 2%, 241Pu. lGpu, and ~Pu present in both CH and 
RH TRU waste in the column labeled "Scaled Inventory" in the output files from the PA code DECAY. 
"Scaled inventory" refers to the quantity of Pu (or other) isotopes present in one WIPP disposal panel. 
I then divided these swns by 12.65, the number of equivalent WIPP disposal rooms in one panel. Next, 
I calculated the percemage of each isotope of Pu present at each time and calculated the average 
molecular weight of Pu at dW time. I assumed tlw the molecular weight of each isotope has an integral 
value equal to its mass number. I then divided the total mass of Pu by 135,000, 305,000, 525.000, or 
815,000 L. the quantities of brine present in 135. 305. 525. or 815 ml of brine. respectively. Finally, 
I divided the results by the average molecular weight of Pu at that time to obtain the concentrations 
shown in Table 8. 

Clearly, both the dissolved mpg and the volume of brine to which this concentration pertain will 
strongly affect the H1-, ~-.and H1- plus 0 2-production rates from brine radiolysis. If the dissolved D9Pu 
concentration is low enough, these gas-production rates are obviously insignificant (see Tables 5. 6, and 
7). On the other hand. if the dissolved mpg concemration and the 23'Pu inventory are high enough, these 
gas-production rates can equal or even exceed those of anoxic corrosion and microbial activity, at least 
locally. Given a range of 135 to 815 ml of brine per room. the range of Pu solubilities and the Pu 
inventory assumed for WIPP disposal rooms will derermine the range of radiolytic gas-production rates. 

For my best estirmres of the rates of ps production from brine radiolysis. I chose 6.0 · 10-11 M, 
the midpoint of the range of Pu(V) solubilities arimared by the Radionuclide-Source-Term Expert Panel 
(Trauth et al.. 1992). (1be Expert Panel also esrimatttl the same midpoint for the range of Pu(IV) 
solubilities.) For 2Bpu. dlia dissolved cowation yields mes of 1.1 · 1Q"4 moles of H1 per ml per year. 
5.4 · 10-1 moles of <>z per rrr per year. and 1.6 · 1Q"4 moles of H1 plus Oi per ml per year, equivalent to 
rates of 6.6-· 10-C moles of Hi perdmm per year. 3.3 · 10-C moles of Oi per drum per year. and 9.9 · 10-C 
moles of Hi plus <>z per drum per year (Table 2). To conven from units of moles per rrr per year to 
moles per drum per year. I used the average of the rares for 30S and 525 rrr of brine per room in Tables 
5. 6. and 7. 

For my minimam estimates of the rares of ps production from brine radiolysis, I used the lower 
limit of the range of Pu solubilities esrin11rrd by the Expert Panel and 135 rrr' the lower limit of the 
rmge of residual ps-accessible void volume expecced in a WIPP disposal room. (Of course. there could 
be. less than 135 rrr of brine in a room.) The Expert Panel esti!Nl!trd tbal, for expected repositoty 
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conditions. the lower limit of the range of Pu solubilities is 2.5 · 10·•7 M. the value estimated for Pu(V). 
For :.l9J>u, this dissolved concentration yields rates of 4.5 · 10·1

• moles of Hi per m3 per year. 2.2 10·1
• 

moles of 0 2 per ml per year. and 6.7 · io·•• moles of Hi plus 0 2 per ml per year. equivalent to rates of 
8.9 · 10"16 moles ·of Hi per drum per year. 4.5 · 10·16 moles of Oi per drum per year. and 1.3 · Ht" moles 
of Hi plus 0 1 per drum per year (Table 2). 

It may be more difficult to defend estimates of the maximum rates of gas production from brine 
radiolysis. The Expen Panel estimated that the upper limit of the range of Pu solubilities is 5.5 · 10 .. M. 
the value estimated for Pu(V). Assuming~ all of the Pu present is :>'Pu(V), this estimate and 815 ml 
of brine per room (the upper limit of the range of residual gas-accessible void volume) yield upper limits 
of 9.9 · 10·1 moles of H2 per ml of brine per year. 5.0 · Ht1 moles of 0 2 per ml per year. and 1.5 · 100 
moles of Hi plus Oi per ml per year (Table 2). Again. the current estimate of the quantity of Pu to be 
emplaced in the repository and 815 ml of brine per WIPP disposal room imply that there will not be 
enough Pu present to suppon an average Pu concentration of S.S · 10"4 M (see above). These mes are 
equivalent to 1.2 · io·• moles of H2 per drum of CH TRU waste per year. 6.0 · 10-2 moles of Oi per drum 
per year. and 1.8 · 10·1 moles of H1 plus 0 1 per drum per year (Table 2). These are my favorite estimates 
of the maximum gas-production rates from brine radiolysis. I like them because the Expen Panel is 
responsible for defending S.S · l~ Mas the upper limit of the range of Pu solubilities. A reasonable 
way to estimate the probability distribution for values within the range of gas-production rates from brine 
radiolysis is to assume the same probability distribution estimated by the Expen Panel for Pu(V) 
solubilities. 

However. I believe that S.S · la4 M may not be a defensible upper limit of the range of Pu 
solubilities. Pu(lll) is probably more soluble than Pu(IV) and Pu(V), the only oxidation states for which 
the Expen Panel estimated solubilities. Furthermore. Pu(VI) could well tum out to be more soluble than 
Pu(lm! Presumably, the Expcn Panel did not estimate solubilities of Pu(lm and Pu<Vn because it 
accepted the hypothesis dw Pu(lll) and Pu(VI) will be unstable with respect to Pu(IV) and Pu(V) in 
WIPP disposal rooms and dw Pu(IV) and Pu(V) will thus comrol the solubility of Pu. This hypothesis 
may be impossible to defend given the results of labomory studies by Reed and Okajima (in prep.) in 
which Pu(VI) remained stable in WIPP brines for lengthy periods. They observed that Pu(VI) is the 
predominant form of Pu in Brine A and G Seep during stability experiments carried out for periods of 
over 300 and 400 days. (Stability runs are necessary to demonsttate thal Pu remains in solution during 
an experimem to quamify gas production by brine radiolysis.) Reed and Okajima (in prep.) observed 
dissolved Pu(VI) concemmions on the order of let> and l~ M in Brine A and G Seep during 3~ and 
400-day stability runs. Funhermore. they observed a Pu(VI) concentration of 2 · 1 o-2 M in G Seep during 
an 80- or ~y stability run. Because these experimems did not contain high concentrations of the 
inorganic ligand C0,2", which could significantly increase both the stability and the solubility of Pu(VI), 
or any organic ligands. which could also increase the stability and solubility of Pu(VI), the i'c:sulrs are 
clearly not wont-case. Nevenheless. DIPu conc:enmtions on the order of 10-Z M would. if the invemory 
of Dtfu were high enough. imply upper limits of the ranges of gas-production rates from brine radiolysis 
on the order of 101 moles of Hi. Oz, and Hi plus Oz per ml of brine per year (see Table 4) or 10' moles 
of Hi. Oz, and Hi plus Oz per drum of CH TRU wutc per year (Tables 5, 6, and 7). These ma are 
similar to those expeaed from anoxic corrosion and microbial activity under inundated conditiom. 

If a significam fraction of Pu in WIPP disposal rooms is acmally present u Pu(Vn. its chemical 
behavior would probably be similar to thal of its oxidation-swe analog U(VI). G. R. Choppin observed 
dissolved U(VI) concemmiom of about 1 · la4 Min approximately 600-day dissolution experimems in 
Brine A at a pH of about 8 and 2 · 10"' M in 250-day precipimion nms under the same conditions at . 
Florida Swe University. (Dissolution and precipimion experimems, also referred to as undersammion 
and supersamration runs, bracket the solubility by approaching equilibrium from opposite directions.) 
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These results are similar to those of the ANL stability runs. Even worse, the Expen Panel's estimate of 
1.0 · H>° M for the upper limit of the range of the solubility of U(VI) could apply to Pu(Vl) as well. This 
would, if the inventory of 23'Pu were high enough. imply upper limits of the ranges of gas-production 
rates from brine radiolysis on the order of lC' moles of H2, 02. and H2 plus 0 2 per ml of brine per year 
(Table 4) or 101 moles of H2, 0 2, and H2 pl~; J 2 per drum of CH TRU waste per year (Tables S, 6, and 
7). These rates are much higher than those ~xpected from anoxic corrosion and microbial activity under 
inundated conditions. 

Similarly, if a significant fraction of Pu is present as Pu(III), the Expen Panel's estimate of 1.4 
100 M for the upper limit of the range of the solubilities of Am(IIl) and Cm(lll) could apply to Pu(IIn. 

This would also imply very high upper limits of the ranges of gas-production rates from brine radiolysis. 

It is important to point out that such high solubilities may not persist indefinitely. For example. 
H. Nitsche of Lawrence Berkeley Laboratory observed dissolved Pu concentrations betWeen about 1 · lo• 
and l · io·> M for over 1 year in a precipitation experiment staned with initially pure Pu(VI) in Brine 
A at a pH of about 7. However, after about 400 days, the concentration of Pu dropped to between 1 · 10-
7 and 1 · 104 M. This suggests that Pu(VI) may be unstable with respect to other, less soluble oxidation 
swes and that, given enough time, the solubility of Pu will decrease to the ranges estimated by the Expert 
Panel for Pu(IV) and Pu(V). Therefore. it would probably be difficult at this time to defend upper limits 
of the ranges of gas-production rates from brine radiolysis based on a dissolved Pu(VI) concemration of 
2 · io·2 M observed by Reed and Okajima (in prep.) during an 80- or 90-day stability experimem. It 
might even be difficult to defend upper limits based on Pu(VI) concentrations on the order of l~ or 10-1 

M in several-hundred-day solubility or stability runs. These are the maximum aYerap Pu concemrations 
that can be supponed by the current inventory (see Table 8). Funhermore, even if Pu is highly soluble 
under some combinations of conditions in WIPP disposal rooms, brine radiolysis would, like anoxic 
corrosion, probably be self-limiting. This is because neither anoxic corrosion nor brine radiolysis seems 
to occur under humid conditions. Therefore, small quantities of brine in the repository may produce H2 
(in the case of anoxic corrosion) or H2 and 0 1 (in the case of brine radiolysis), increase the pressure. 
prevent additional brine inflow or even cause brine outflow, and thus prevent or greatly reduce additional 
gas production, at least by these mechanisms. However, I still feel that it may be difficult to rule out 
the possibility of very high (relative to anoxic corrosion and microbial activity) upper limits of the ranges 
of gas-production raies from brine radiolysis, at least in some microenvironments with high Pu 
solubilities. Funhermore. if the aTerye Pu solubility turns out to be high, increasing the mpndty of 
Pu to be emplaced in WIPP disposal rooms could significamly affect the gas budget of the repository, 
and perhaps its performance. 

I calc:adarect the gas-production potential for radiolysis of HiO in brine by ~ as follows. 
According to the inilial Pu invemory and decay predictions used for the most recent PA calculations 
(WIPP Perfonmnce Asscssmem Depamnem. 1992), there will be 568.600 g of~ in CH TRU wme 
and 14,280 I of Zllp\a in RH TR.U waste per WIPP disposal panel 11 the time of emplacement. After 
10,000 yean, there will be 426,300 g of D9Pu in CH TRU waste and 10. 710 g of~ in RH TRU wute 
per panel. Tiie IDlll of ZllPu in one panel that will decay during the 10,000-year period of performance 
of the repository is: 

(S68.600 g + 14,280 g) - (426,300 g + 10,710 g) - 145,870 g. (2S) 

(I do not lcnow how many of me figures in this and the following equatiom are significant. but I suspecc 
not more dJan one!) The mass of ZllPu in an equivalent drum of CH TR.U waste that will decay in 10,000 
years is: 
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145.870 g/panel I 86.000 drums/panel = 1.69616 g/drum. (26) 

I have included the :l'Pu in RH TRU waste in an "equivalent drum of CH TRU waste" for the sake of 
completeness. but this only increases the mass of 23'Pu per drum by about 2.5 3 ! The number of 23'Pu 
disintegrations per drum in 10.000 years will be: 

1.69616 g/drum I 239 g/mole · 6.0225 · 10Z3 d/mole 

=:= 4.27411 . 1021 d. (27) 

Assuming thal all of the Pu in a drum dissolves in brine at the time of emplacement and remains 
dissolved throughout the 10,000-year period of performance of the repository is the worst-case assumption 
from the standpoint of radiolytic gas production. This assumption results in initial dissolved total Pu 
concentrations of 1.60 · 10·3, 7.09 · Ht', 4.12 · l~. or 2.65 · l~. depending on the volume of brine per 
WIPP disposal room (see Table 8). Half of these values are higher than S.5 · Ht' M, the upper limit of 
the range of Pu solubilities estimared by the Expen Panel. However. the laboratory studies of 
radionuclide chemistry described above have yielded dissolved Pu(Vl) concentrations higher than 1. 60 
· 10·1 M. at least so far. The total quantity of energy deposited in brine by decay of 2l'Pu in 10,000 years 
is: 

4.27411 · 1021 d · 5.15 MeV/d • 2.20117 · lOZS eV. (28) 

The number of moles of H2 formed is: 

2.20117 · lOZS eV · 1.25 molecules/100 eV I 

6.0225 · ion molecules/mole = 4.57 · 102 moles/drum. (29) 

In Equuion 29, "1.25 molecules per 100 ev· is the midpoint of the range of G(Hi) (1.1 to 1.4 molecules 
per 100 eV) reponed by Reed and Okajima (in prep.) for three WIPP brines (see above) and 
"6.0225 · ion molecules/mole is Avogadro's number. Therefore, "4.57 · 102 moles/drum" is acmally 
the midpoint of a range of 4.02 to 5.12 · 101 moles per drum. 

In addition to about 500 moles of H2 per drum. the 0 2-production potential for brine radiolysis 
by 23'Pu could be as high as about 250 moles per drum, depending on the induction period for 0 2 
production from the breakdown of 0-containing imennediate species (above). However, Gamer and I 
believe that oxic corrosion and aerobic microbial activity (above) will rapidly consume any 0 2 produced 
by brine radiolysis. Therefore, we omit 0 2 from the discussion that follows. 

Altbougb dJae resuks includes decay of DfPl1 but none of the other radionuclides in TR.U waste, 
they are of the same order of magniatde as the HJ9Production pnrential of 900 moles per drum from 
anoxic corrosian of steel CH TRU waste containers (drmns and boxes) and steels and other Fe-base alloys 
in CH TRU wur.e (Brush, 1990). They are also similar to my calc:ul•ted gas-production potential of 600 
males per drum from microbial degradation lOOS of the cellulosics and SOS of the rubbers in CH TRU 
waste. 

However, values of SOO moles of H2 per drum and 750 moles of H2 plus Oi per drum for the gas
production potential from brine radiolysis by ~ are probably far larger than what will acmally be 
produced in WIPP disposal rooms. The assumption tbll all of the energy from decay of DfPl1 will be 
deposited in brine is probably far toO pessimistic. It is much more likely thal a significant fraction of this 
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decay energy will be deposited in undissolved. paniculate. Pu-bearing solids or other solids with which 
Pu is associated (cellulosics such as paper towels. anicles of clothing, rubber gloves. other solids in 
sludges, etc.) 

Preliminary results obtained after adding brine radiolysis to the PA code PANEL also suggest that 
actual radiolytic gas production will be much smaller than the gas-production potentials calculated. above. 
(The addition of brine radiolysis to PANEL is the first step in the addition of brine radiolysis to the 
reaction-path gas-generation model.) PANEL calculates the quantities of radionuclides dissolved in brine 
in WIPP disposal rooms as a function of time. Currently. it uses either an internal analytical model or 
the two-phase flow code BRAGFLO to predict the quantity of Salado- or Castile-Fm. brine present as 
a function of time. It then uses Latin hypercube sampling of solubilities estimated by the Expert Panel 
to predict the solubilities of Pu and other important actinide elemems. and uses the initial inventory and 
decay rates of individual isotopes of these elemems to calculate the relative abundance of each dissolved 
radionuclide as a function of time. Gamer added the equations used to calculate the gas-production 
potential from decay of 23'Pu (above) to PANEL and extended them to include other important a-emitting 
radionuclides in the WIPP inventory. For his preliminary calculations. Gamer used predictions of brine 
inflow and outflow from BRAGFLO runs made for the last round of PA calculations (WIPP Perfonnance 
Assessment Depamnent, 1992), which included the average-stoichiometry gas-generation model. The 
brine volume in a panel varied with time in each vector (simulation). However. the gas-generation rates 
from anoxic corrosion and microbial aaivity and the dissolved concentration of each radioactive element 
did not vary within a given vector, unless brine was completely conswned or the quantity of a radioactive 
element in the inventory limited its concentration to a value less than the sampled solubility. 

The largest quantity of H2 produced by brine radiolysis during the 10.000-year period of 
perfonnance of the repositor vas 90 moles per drum. a value significantly smaller than the 500-mole
per-drum H1-production pot ... ~ial from decay of 2l'Pu calculated above. In this vector. the :ui Am was 
the largest contributor to radiolytic H1 production. Furthermore. 50% of the 70 vectors produced less 
than 2 moles of H1 per drum. a value less than 0.5 % of the H1-production potential. 

Clearly. the difference becween the H1-production potential and the values calculated using 
PANEL suggest that gas production in WIPP disposal rooms may acmally be far less than the gas
production potentials. The main reasons for this appear to be: (1) calculations of gas-production 
potentials often include worst-<:ase assumptions: (2) these calculations also neglect interactions between 
or among processes: these imeractions may significamly decrease the amoum of gas produced. 

CONSUMPTION OF GASES 

The compounds Ca(OHli (in hydrated cementitious materials and Cao (a potential backfill 
additive) could consume significant quantities of C02 and H~ by the reactions: 

Ca(Offh + C02 = eaco, + ffiO; 

Ca(Offh + H~ • CaS + 2H20;. 

eao + co2 - eaco,; 
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In bench-scale laboratory experiments. Ca(OH)2• dissolved in WTPP brines. reacts very rapidly 
with gaseous C02• Dissolved. hydrated CaO, solid Ca(OH)2 and solid Cao would probably also react 
very rapidly with gaseous C02• However, the effects of transpon phenomena must be incorporated in 
predictions of the rateS of C02 and. perhaps, H~ uptake by these compounds in WIPP disposal rooms. 
Furthermore. estimates of the quantities of hydrated cementitious materials and the concentrations of 
Ca(OH)i in these materials are necessary for room-scale predictions. Therefore. I have not estimated 
rates for these reactions yet. 
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Table 1. Gas-Generation Reactions 

Reaction 

Oxic corrosion of steels and other Fe-base 
materials: 

Anoxic corrosion of steels and other Fe-base 
materials: 

6a. Fe+ 2H20 = Fe(OH)i + H2 

Sb. Fe + HiS = FeS + H2 

Microbial degradation of cellulosics and. 
perhaps, plastics and rubbers: 

13. CH20 + o.sH· + O.SNO,· 

- l.4Hi0 + COi + 0.4N2 

Abbreviation 

Fe to -,.Fe0(0H)1 

Fe to Fe30,2 

Fe to FeC03
2 

Fe to FeSl 

Fe to FeS1 

Aerobic respiration1 

Denitrification2 



Table 1. Gas-Generation Reactions (cont.) 

Reaction Abbreviation 

Microbial degradation of cellulosics and. perhaps. 
plastics and rubbers (cont.): 

14a. CH20 + 4Fe0(0H) + H20 

= 4Fe(OH)2 + C02 Fe(III) reduction1 

14b. CH10 + 4Fe0(0H) 

= l .33Fe,04 + l .67H20 + C01 + l .33H1 Fe(IIl) reduction 1 

14c. CH20 + 4Fe0(0H) + H10 + 3C01 

= 4FeC03 + 4H20 Fe(lll) reduction' 

14d. CH10 + 4Fe0(0H) + 4H~ 

= 4FeS + 7H20 + C01 Fe(lll) reduction' 

14e. CH10 + 4Fe0(0H) + SH~ 

= 4F~ + 7H10 + C~ + 4H1 Fe(ID) reduction1 

lS. CH20 + e• + O.SSOl 

• H10 + COi + O.S H~ so.2
• reduction2 

16a. 2CHz(> • CH. + C~ Methanogenesis2 

16b. C~ + 4H2 • CH. + 2H2') Methanogenesis2 
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Table l. Gas-Generation Reactions (cont.) 

Reaction 

Radiolysis: 

Consumption of gases by cementitious materials and 
baclffill additives: 

26a. Cao + C02 = CaCO) 

26b. Cao+ H~ = CaS + H20 

Abbreviation 

Radiolysis of brine1 

Ca(OH)2 to CaS1 

CaO to CaC0,1 

eao to eas12 

1. Probably will not have a significam. direct effect on the gas and H10 budget of WIPP disposal 
rooms. but could be imponam from the standpoint of the 0 1 budget of the repository (see teXt). 

2. Could have a significant. direct effect on the gas and H10 budget of the repository (see text). 
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Table 2. Inundated Gas-Production Rates 

Gas-Production Rate 

Process Minimum Best Maximum 

Oxic corrosion of steels and 
other Fe-base materials: 

moles O?/(m:: steel · yr) 0 -5 -8 

moles 0 2/(drum · yr) O' -301 -so• 

µm steel/yr 0 50 80 

Anoxic corrosion of steels and other 
Fe-base materials: 

moles H/(nr steel · yr) 0 0.1 20 

moles H/(drum · yr) o• 0.61 1001 

µm steel/yr 0 1 200 

Microbial degradation of cellulosics 
(Reactions 12 through 16b): 

moles gas/(kg cellulose· yr) oi 0.12 0.52 

moles gas/(drum ·yr) o• ,2 1 •,2 s• ,2 

Microbial degradation of cellulosics 
(Reaction 16b): 

moles ps/(kg cellulose · yr) Not esL3 Not est.3 Not est.3 

moles psl(drmn · yr) Not est.3 Not est.3 Not est.3 
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Table 2. Inundated Gas-Production Rates (cont.) 

Reaction 

Radiolysis of brine: 

moles H:l(drum · yr) 

moles Oif (mJ · yr) 

moles (H2 + Oi)/(mJ · yr) 

moles (H2 + Oi)/(drum · yr) 

Consumption of C02 by cementitious 
materials and backfill additives: 

moles gas/(drum · yr) 

Gas-Production Rate 

Minimum Best 

4.5· 10"" l. l · 10 .. 

8.9· 10"16 6.6·10 .. 

2.2-10·" 5.4· 10"7 

4.5· 10°16 3.3· 10·• 

6.7·1Ct" l.6·10 .. 

1.3· lO·lS 9.9·1o-' 

Not est.' Not est.' 

Maximum 

9.9·10·1 

1.2· lQ·I 

5.0·1Q·I 

6.0· 10·2 

l.5· 100 

1.8· Ht' 

Not est.' 

1. Estimates do not include steels or other Fe-base alloys associated with RH TRU waste or steels 
or other Fe-base alloys used for ground suppon. 

2. Gases produced by Reactions 12 through 16a could include C02, CH,, HiS. N2, and NH1 (see 
text). 

3. Not estimarect yet. but gases consumed by Reaction 16b could include significant quantities of 
CC>i and especially H2 (see tm). 

4. Not esrimarect yet, but gases consumed by Ca(Offh and CaO in cementitious materials and 
backfill additives could include significant quantities of C02 and, perhaps, HiS (see text). 



Table 3. Humid Gas-Production Rates 

Gas Production Rate 

Process Minimum Best Maximum 

Oxic corrosion of steels and other 
Fe-base materials: 

moles 0 2/(m: steel · yr) 0 -0.S -5 

moles Ozf(drum · yr) o• -3' -301 

µm steel/yr 0 5 50 

Anoxic corrosion of steels and other 
Fe-base materials: 

moles H2'(m2 steel · yr) 0 0 0.01 

moles H2'(drum · yr) o• o• 0.061 

µm steel/yr 0 0 0.1 

Microbial degradation of cellulosics 
(Reaction 12 through 16b): 

moles gu/(ta cc:llulose • yr) 02 0.012 0.12 

moles gu/(drum · yr) o•.z 0.1 1
•
2 1 •.z 

Microbial degradation of cellulosics 
(Reaction 16b): 

moles pa/(q cellulose · yr) Not est.> Not est.3 Not est.3 

moles pa/(drum • yr) Not est.3 Not est.3 Not est.3 
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Table 3. Hwnid Gas-Production Rates (cont.) 

Process 

Radiolysis of brine: 

moles H~/(dnun · yr) 

moles 0 2/(ml · yr) 

moles (H1 + O,)/(ml · yr) 

moles (H1 + O,)/(drum · yr) 

Consumption of gases by 
cementitious materials and backfill 
additives: 

moles gasl(drum · yr) 

Minimum 

0 

0 

0 

0 

0 

0 

Not est.' 

Gas-Production Rate 

Best 

0 

0 

0 

0 

0 

0 

Not est.' 

Maximum 

0 

0 

0 

0 

0 

Not est.' 

1. Estimates do not include steels or other Fe-base alloys associalcd with RH TRU waste or steels 
or other Fe-base alloys used for ground support. 

2. Gases produced by Reactions 12 through 16a could include C01, CH,, HiS. N1, and NH, (see 
tm). 

3. Not estimated ya. bul gases consumed by Reaction l 6b could include signific:am qn•nriries of 
COz and especially H2 (see tm). 

4. Not esrimatrd ya. but gases COllS1unrd by Ca(Offh and CaO in cememitious maa:rials and 
backfill additives could include signifieam quantities of CC>i and. perhaps. HiS (see tm) • 
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Table 4. Radiolytic Gas-Production Rates (mollot of brine·yr)1• : 

Gas-Production Rate 

Dissolved 
2l'Pu H2 02 Hi+ Oi 

Conc.(M) 

1 . 100 1.8 • let> 0.9 • let> 2.7. let> 

l · Ht' 1.8 • 101 0.9. 101 2.7. 101 

1 · 10·2 1.8 • 101 0.9 • 101 2..1 • 101 

i · 10·3 1.8 • lO' 0.9. 10' 2.7. 101 

1 · Ht' 1.8 . 10-1 0.9 . 10-1 2.1 · 10·1 

1 . 10·5 1.8 · 10·2 o.9 · 10·2 2.7 . 10-2 

1 . 10" 1.8 . 10-3 0.9 . 10-3 2.7 . 10-3 

l . 10-7 1.8 . 10" 0.9 . 10" 2.7 . lo-' 

1 . lo-' 1.8 . 10-5 0.9 · 10-5 2.7 · Ht' 

1 · Ht' 1.8 . 10" 0.9 . 10" 2.7. 10" 

1. IWes in moles per m3 of brine per year calQJlarrd from experimentally measured values of G(Hi) 
(see text). 

2. Values in bold type may exceed the maximum '"'enlft Pu concentration or aTpn gas
production rue depending on the quamity of brine present and time (see text). 
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Dissolved 
2l9J>u 

Conc.(M) 

1 • 10• 

1 • 10·1 

1 • 10-1 

1 • 10-1 

1. 1~ 

1 . 10"5 

1 . 104 

1 . 10·1 

1 . 10 .. 

1 · Ht' 

Table 5. Radiolytic H1-Production Rates (mol/drum·yr)1·: 

Brine Volwne (ml/room) 

135 305 525 815 

3.6. 101 8.1 • 101 1.4 ·lOZ 2.2 · lOZ 

3.6 • 10' 8.1 • 10' 1.4. 101 2.2 • 101 

3.6 • 10·1 8.1 • 10-1 1.4 • 10• 2.2 . 10• 

3.6 · 10·2 8.1 • 10"2 1.4. 10·1 2.2 . 10·1 

3.6 · io-1 8.1 . Ht1 1.4 · 10·2 2.2 . 10-2 

3.6. l~ 8.1 . l~ 1.4 · io·> 2.2 . 10-1 

3.6 . 10-5 8.1 · Ht' 1.4. l~ 2.2. l~ 

3.6. 104 8.1 . 104 1.4 . 10-5 2.2 . 10·5 

3.6 · io·1 8.1 . Ht7 1.4 . 104 2.2. 104 

3.6. 104 8.1 . 104 1.4 · Ht7 2.2 · 10·1 

1. Rates in moles per drum per year calculated from values in moles per m3 of brine per year (see 
text). 

2. Values in bold type may exceed the muinnmt ayeran H:?·procluction rate depending on the 
quantity of brine present and time (see text). 
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Table 6. Radiolytic O~-Production Rates (mol/drum·yr)1
• 

2 

Brine Volume Cml/room) 

Dissolved 
2l'Pu 135 305 525 815 

Conc.(M) 

1 • 10' 1.8 • 101 4.0 • 101 6.9 ·101 1.1 · lOZ 

1 • 10·1 1.8 • 10' 4.0. 10' 6.9. 10' 1.1 • 101 

1 • 10"2 1.8 • 10·1 4.0 • 10-1 6.9 • 10-1 1.1 • 10' 

1 • 10-3 1.8 . 10·2 4.0 • 10-z 6.9 • 10-2 1.1 . 10-1 

1 . 10'' 1.8 . 10-3 4.0 . 10-3 6.9 . 10-3 1.1 . 10-2 

1 · 10-s 1.8. l~ 4.0. l~ 6.9. l~ 1.1 . 10-3 

1 . 10~ 1.8 . 10-5 4.0. 10-5 6.9 . 10-S 1.1 . 10"' 

1 . 10-7 1.8. io-a 4.0. lo-a 6.9. lo-a 1.1 · 10·5 

1 . lo-' i.8 . 10"7 4.0. 10-7 6.9 . 10-7 1.1 . 1o-a 

1 . 10-9 1.8 . lo-' 4.0. lo-' 6.9. lo-' 1.1 . 10-7 

1. Raies in moles per drum per year calculated from experimentally measured values of G(Hi) (see 
text). 

2. Values in bold type may exceed the maximum average 0 2-production rate depending on the 
quantity of brine present and time (see tm). 



Table 7. Radiolytic Gas- (H2 + OJ-Produaion IUtes (mol/dnun·yr)1• 2 

Brine Volume (m3/room) 

Dissolved 
2l'Pu 135 305 525 815 

Conc.<M) 

1 • 10' 5.4. 101 1.2 • lo& 2.1 • lo& 3.2 • lOZ 

1 • Ut1 5.4. 10' 1.2 • 101 2.1 • 101 3.2 • 101 

1. lu4 5.4 • 1Ct1 1.2 • 10' 2.1 • 10' 3.2 . 10' 

1 • l«rl 5.4. 10·2 1.2 • Ut1 2.1 • Ut1 3.2 • Ut1 

1. t~ 5.4 . to-> 1.2 . 10-2 2.1 . 10-2 3.2 . 10·1 

1 . 10-5 5.4. l~ 1.2 . l()"l 2.1 . 10-> 3.2 . t0-1 

1. l~ 5.4 . 10"' 1.2. 1~ 2.1. l~ 3.2. t~ 

1 . 10-7 5.4. l~ 1.2 . 10-S 2.1 . Ut5 3.2 · to·' 

t . 10"' 5.4 . 10-7 1.2. 1~ 2.1. l~ 3.2 . 104 

1 . 10"' 5.4 . 10-- 1.2 . 10-7 2.1 . 10"7 3.2 . 10"7 

t. R2tes in moles per drum per year c:alc:ulaled from experimemally measured values of G(Hi)(see 
text). 

2. Values in bold type may exceed the m&'l'.Unum ••ma gas-production rue depending on the 
quantity of brine present and time (see u:xt). 



Table 8. Maximum Average Pu Concentrations in Brines in WIPP Disposal Rooms (M)' 

Brine Volume (ar/room) 

Time (yr) 135 305 525 815 

0 1.60 . 10-J 7.09. 10" 4.12. l~ 2.65 . 10'4 

100 l.56 . 10-1 6.91. 10" 4.02. 10~ 2.59 . 10'4 

200 1.54 . 10-J 6.84. 10" 3.97 · io~ 2.56 . 10'4 

soo 1.52 . 10-1 6.73. 10" 3.91 . 10'4 2.52 . 10'4 

1.000 1.49 . 10-1 6.61 . 10" 3.84. 10" 2.47 . 10" 

2.000 1.44 . let' 6.39 . 10" 3.71 . 10" 2.39. 10" 

s.ooo 1.31 . let' 5.78 . 10" 3.36 . 10" 2.16 . 10" 

10.000 1.11 . let' 4.92. 10" 2.86. 10" 1.84 . 10" 

1. Calculations include all isoropes of Pu expecred in the repository. not just ~ (see text). 
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ABSTRACT 

The rate at which hydrogen (Hi) or a volatile organic compound (VOC) exits a layer of 
confinement in a vented waste drum is proportional to the concentration difference across the 
layer. The proportionality constant is the gas transport characteristic. A series of transport 
experiments were conducted to determine H2 and VOC transport characteristics across different 
drum filter vents and polymer bags. This report reviews the methods and results of past 
investigators in defining transport characteristics across filter vents and polymer bags, describes 
the apparatus and procedures used in these experiments, compares the reported and estimated 
transport characteristics with earlier results, and discusses the impact of changing the transport 
characteristic values used in model calculations. 
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SUMMARY 

This report reviews the methods and results of past investigators in defining hydrogen (Hi} 
and volatile organic compound (VOC) transport characteristics across drum filter vents and 
polymer bags, describes the apparatus and procedures used in experiments perfonned at the Idaho 
National Engineering Laboratory (INEL) to quantify transport characteristics across drum filter 
vents and polymer bags, compares the reported and estimated transport characteristics with earlier 
results, and discusses the impact of changing transport characteristic values in model calculations. 

A review of experiments conducted to measure H2 and voe diffusion characteristics across 
drum filter vents identified a wide variety of test vessel designs. In most cases, insufficient care 
was taken to minimize concentration gradient fonnation inside the test vessel A series of filter 
vent diffusion tests were conducted at the INEL using a test vessel specifically designed to ensure 
that the assumption of unifonn gas concentration in the test volume was valid. A cylindrical 
stainless steel vessel with a flat lid and base was designed to have a drum filter vent screwed in 
the center of the top lid. Separate side pons allowed for the introduction of gas and the sample 
collection with a gas-tight syringe. Because of variations in the filter housing assemblies, two 
different test vessels with internal volume between SS and 60 cm3 were constructed. The H2 and 
voe diffusion characteristics of NFT-012, NFT-013, and NFT-020 drum filter vents were 
determined. Pure hydrogen gas was used in the H2 diffusion characteristic experiments. Two 
different gas mixtures-each containing S VOCs-wcrc used in the VOe diffusion characteristic 
measurements. Each voe concentration was between about 100 and 1,000 ppm. The gas 
mixture was introduced into a test vessel at a rate of 1,000 cm3 min"1 for one minute to purge the 
vessel Samples were withdrawn by gas syringe at regular time intervals and injected into a gas 
chromatograph to determine gas concentrations. 

Multivariable two-level experiments with one replicate were designed to investigate the 
effect of bag closure type on H2 and voe transport from small polymer bags. Polyethylene and 
polyvinyl chloride (PVC) bags with beat-scaled or taped closures were prepared. In preparing the 
bags with taped closures, an effort was made to ensure that the surface area was the same as for 
the heat-sealed bags. Trichloroethylene (TCE) and l,l,2-trichloro-1,2,2-trifluoroethane 
(Freon-113) were used in the experiments. 

Filter vent diffusion test results confirmed that test vessel configuration affects the calculated 
gas diffusion characteristic. Hydrogen diffusion characteristics calculated from experimental data 
using the INEL test vessels were about 10 to 25% greater than the highest previously reported 
values. In the TR.UPACT-Il safety analysis report (SAR), a hydrogen diffusion characteristic of 
19 x 10·7 mol s·1 was used to calculate the maximum allowable decay heat limit per innennost 
layer of confinement. This value was· the lowest value detennined across six NFT-012 drum filter 
vents. However, NFI'-012 drum filter vents arc no longer used in the transportation of vented 
waste drums. The NFT-013 and NFr-020 drum filter vents arc currently used in waste drum 
transshipment. The lowest H2 diffusion characteristic measured for these drum filter vents using 
the INEL test vessels was 41 x 10·7 mol s·1• The use of a Hz diffusion characteristic of a different 
drum filter vent will have a far more significant impact on model results than higher values 
resulting from improved test vessel design and experimental procedure. A larger H2 diffusion 
characteristic would result in a higher minimum allowable decay heat limit. 

v 



Results from unsteady-state experiments indicated that the H2 transport characteristic for 
polymer bags with a taped closure was not significantly greater than for similar bags with no taped 
closure. Tests on PVC bags with a surface area between 2,000 and 3,000 cm2 and bag thickness 
between 28 and 3.0 x 10·2 cm (11-12 mil) show that the H2 transport from bags with a taped 
closure was only 20 to 30% greater than from heat-scaled bags. The relative percentage increase 
in the H2 transport characteristic for bags with a taped closure compared to similar heat-scaled 
bags will dccrcasc further with increasing bag surface area or decreasing bag thickness. Tests on 
polyethylene bags with a surface area of 2.000 cm2 and bag thickness of 7.6 x 10·3 cm (3 mil) 
showed no difference at all in the H2 transport characteristic for bags with different types of 
closure. Under these conditions, H2 transport from small polymer bags was not significantly 
affected by the type of bag closure. This means that most small bags placed in vented waste 
drums could have either a taped closure or heat seal without significantly affecting H2 transport 
from the bags. It was similarly concluded that gas transport from polymer bags containing TCE or 
Freon-113 in actual waste drums would not be significantly affected by bag closure type. 

In model calculations in the TRUPACT-Il SAR of the maximum allowable decay heat limit 
per layer of confinement, a H2 transport characteristic of S.60 x 10·7 mol s·1 had been used to 
estimate gas transport from a polymei: bag with a taped closure. This value reported in the 
TRUPACT-11 SAR was the difference of two H 2 transport characteristics measured across PVC 
bags with and without taped closures. Review of the original data indicates that the transport 
characteristic for at least one bag was not measured under steady-state conditions, as assumed. In 
addition, two unsteady-state experiments demonstrated that total H2 transport across a small PVC 
bag with a taped closure is not significantly greater than a similarly sized PVC bag with no taped 
closure. The maximum allowable decay heat limit should have been calculated using the H2 
permeation characteristic reported in the TRUPACT-11 SAR for a heat-scaled PVC bag which 
was 4.94 x 10·7 mol s·1• This transport characteristic is 12% less than the value used in original 
calculations and would result in a slightly lower calculated decay heat limit, all other variables 
remaining the same. The average H2 permeation characteristic across heat-sealed PVC bags 
measured in the INEL transport experiments was 204 x tcr7 mol s·1 and was less than the 
transport characteristic reported in the TRUPACT-Il SAR because of smaller bag surface area. 

The VOC diffusion characteristic across a filter vent is used in the Waste Isolation Pilot 
Plant (WIPP) no-migration determination (NMD) variance petition to estimate the rate of voe 
emissions from a vented drum. The diffusion characteristics for carbon tetrachloride and 
l,l,1-trichloroethane across different drum filter vent types listed in the WIPP NMD variance 
petition were on the order of 10·11 mol s·1• The explanation offered for the lower than c:xpectcd 
VOC transport characteristics was a complex combination of Fickian and surface diffusion. A 
more likely explanation is that the experimental set-up resulted in significant concentration 
gradient across the test vessel volume. Several transport experiments, including one performed at 
the INEL, measured voe diffusion characteristics on the order of ur7 mol s·1• This is 
approximately four orders of magnitude greater and significantly affects the calculation of the 
total anticipated VOC emissions from vented waste drums at the WIPP facility. 
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Transport Characteristics Across Drum 
Filter Vents and Polymer Bags 

1. INTRODUCTION 

The rate at which hydrogen (H:z) or a volatile organic compound (VOC) exits a layer of 
confinement in a vented waste drum is proportional to the concentration difference across the 
layer. The proportionality constant is the gas transport characteristic. Gas permeates through 
polymer bags or diffuses through openings in the layer boundary. The gas transport characteristic 
is the product of the gas transport property, such as permeability or diffusivity, and surface area 
divided by a characteristic length. Knowledge of the H2 transport characteristics across drum 
filter vents and polymer bags was used in the safety analysis report for the TRUPACT-Il Shipping 
Package (TRUPACT-Il SAR) to calculate the maximum allowable decay heat limit per innermost 
confinement layer to ensure that the hydrogen concentration in payload materials does not exceed 
5% by volume.1 Knowledge of voe transport characteristics is important in estimating voe 
emission rates from vented waste drums2 and voe concentrations in the void volumes of a waste 
drum.3•

4 

Several investigators have measured H2 and voe transport characteristics across filter vents 
and polymer bags. All drum tilter vent diffusion experiments used test vessels with different 
volumes and dimensions. Different experiments investigating H2 transport from scaled polymer 
bags reached opposite conclusions whether gas transport across a taped closure was significantly 
greater than across a beat-scaled closure. The differences in reported values resulting from 
variations in test apparatus and procedures raise questions as to which values should be used in 
calculations concerning decay beat limits, total emissions rate, and other health and safety issues. 
A series of experiments was conducted at the Idaho National Engineering Laboratory (INEL) to 
measure H2 and voe transport characteristics across drum filter vents and polymer bags. The 
experiments were designed to address past discrepancies in the test vessel configuration and test 
procedures. 

This report reviews the methods and results of past investigators in defming transport 
characteristics across filter vents and polymer bags, descnbcs the apparatus and procedures used 
in a new set of transport experiments, compares the reported and estimated transport 
characteristics with earlier results, and discusses the impact of changing the transport characteristic 
values in model calculations. Fust, mathematical definitions of the transport characteristics arc 
presented. Second, transport characteristics reported in earlier studies arc reviewed with 
particular attention given to the experimental apparatus and procedures used. The report then 
descnbcs experimental apparatus and test procedures used in the most recent INEL transport 
experiments to determine H2 and voe transport characteristics across different filter vents and 
polymers. Experimental test apparatus, procedures, and results from these experiments are 
compared with those dcscnbcd in earlier experiments. In addition, methods of estimating voe 
diffusion characteristic across filter vents arc examined. Fmally, the implications of using these 
new H2 and VOC transport characteristics in model calculations related to health and safety issues 
are discussed. 
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2. TRANSPORT CHARACTERISTICS 

The primary mechanisms for gas transport from the void volume inside a layer of 
confinement with a polymer boundary are permeation across the polymer, diffusion across an 
opening in the boundary, and gas accumulation in the boundary as the result of the gas solubility 
in the polymer. The total unsteady-state gas transport rate is defined by summing the 
contribution of each transport mechanism 

d(by1 } 4>PA1 P DAd ds 
(1) Ve_= -( + -)cby

1 
- v,-

dt :x, :x, dt 

where 

v = void volume confined by polymer, cm3 

c = total gas concentration, mol cm·3 

4yp = gas mole fraction difference across polymer 

t = time, s 

• = 76 T/(273.15 P) 

T = temperature, K 

p = pressure, cm Hg 

p = gas permeability coefficient, cm3 (STP) cm cm·2 (cm Hg)"1 s·1 

~ = polymer surface area across which voe permeates, cm2 

x., = polymer thickness, cm 

D = gas diffusivity in air, cm2 s·1 

~ = cross-sectional area of opening across polymer boundary, cm2 

~ = diffusional length across opening, cm 

v, = volume of polymer boundary, cm3 polymer 

s = gas concentration in polymer, cm3 gas cm·3 polymer. 

In the case where the gas concentration in the polymer bas reached a near-constant value, the gas 
transport rate is the sum of the transport rates via permeation and diffusion 
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d(by
1

) 4>PA
1
P DA, 

Ve - • -( + -)cbJlp 
dt z, z, (2) 

The total gas concentration is defined by the ideal gas law 

p 
c =-

RT 
(3) 

where R is the gas constant and equals 6236.6 cm3 (cm Hg) mol"1 K"1• Combining Equations (2) 
and (3) yields 

where 

~ = permeation characteristic, 4.46 x 10·5 P~ Xp-1, mol s·1 

K.s =- diffusion characteristic, D~P (RTXcs)"1, mol s·1• 

Solving Equation ( 4), the gas mole fraction difference is a function of time 

ln[ bJ',l., _(~ + K,) (t - to) . 
bJ'p,o Ve 

Plotting ln(liY./liYpJ>) versus (t-t0) yields a straight line with a slope defined by Equation (5). 

The unsteady-state rate of gas transport across a filter vent is defined as 

where 

o· = gas filter vent diffusion cbaractcristic, mol ,-1 

liYr = gas mole fraction difference across filter vent. 

In the case of steady-state transport, the gas transport rates across all layers of confinement, 
including the filter vent, arc equal to a constant rate r 

3 
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3. PREVIOUS TRANSPORT CHARACTERISTIC MEASUREMENTS 

This section summarizes the reported transport characteristics across drum filter vents and 
polymer bags from earlier investigations. Discussion is focused on the experimental apparatus and 
test procedures that may have affected the calculated transport characteristics. 

3.1 Drum Fiiter Vents 

Hydrogen or voe diffusion characteristics across different filter vent types have been 
reported by a number of investigators. Three filter vent types studied, which contained a carbon
composite filter, were manufactured by Nuclear Filter Technology. Ftlter vent NFT-012. shown in 
Figure 1, was initially used at the Rocky Rats Plant (RFP). Ftlter vent NFT-013, shown in 
Figure 2, is now used at the RFP and the Savannah River Plant (SRP) in waste drums prepared 
for transshipmenL The NFT-013 filter vent is an adaptation of the NFT-012; the NFT-013 has 
larger openings in the bottom and top of the filter housing assembly. The changes in the filter 
assembly were designed to increase the overall hydrogen diffusion characteristic across the filter 
venL The NFT-020 filter vent, shown in Figure 3, is used at the INEL. 

Peterson• determined hydrogen diffusion characteristics across carbon-composite filter vents 
identified as the types used at the RFP, the INEL, and the SRP. A schematic of the test vessel 
used to perform the diffusion experiments is shown in Figure 4. The test vessel volume was 
approximately 7S cm3• An adapter connecting the filter vent to the test vessel probably resulted 
in the development of a concentration gradient within the vessel Peterson did not identify the 
types of filter vents other than by the site where they were used- This author believes that the 
RFP and INEL filters were NFT-012 and NFT-020, respectively. The SRP fllter vents tested are 
not thought to be NFT-013 filter vents because of NFT-013 filter vent was not being made at the 
date of the tests. Experimental results yielded H2 diffusion characteristics across the NFT-012 
and NFT-020 filter vents of (23 ± 2) x 10·7 mol s·1 and (39 ± 10) x 10·7 mol s·1, respectively. 

The Waste Isolation Pilot Plant (WIPP) no-migration determination (NMD) variance 
petition2 reported diffusion characteristics for carbon tetrachloride and 1,1,1-trichloroethane 
(TeA) across NFT filters on the order of 10·11 mol s·1• These values were approximately four 
orders of magnitude lower than values estimated using kinetic gas theory for ordinary diffusion. 
In a study by Peterson and Marshall, b voe diffusion characteristics on the order of 10·7 were 
reported- The test vessel used in their voe diffusion experiments, shown in Figure s. had a 
internal volume of 60 cm3 abd attempted to minimize the potential for concentration gradients in 
the system. The voe diffused through the filter into another 60-cm3 vessel with its lid removed. 
Peterson and Marshall assumed that this vessel configuration allowed sufficient convection to 
maintain the gas concentration immediately outside the filter at zero. They determined that the 
test vessel and gas sampling configuration in the earlier voe diffusion study, shown in Figure 6, 
resulted in significant concentration gradients across the system. The average H2 diffusion 

a. Unpublished research results of determination of hydrogen diffusion characteristics across different 
filter types; S. H. Peterson, Westinghouse R&D Center, (July 1988). 

b. Unpublished research results of VOC diffusion characteristics measurements across carbon-composite 
filters; S. H. Peterson and G. R. Mmball, Westinghouse R&D Center (October 1990). 
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Figure 1. Schematic of NFr-012 filter vent (a) cross-section; (b) top. 
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Figure 2. Schematic of NFT-013 filter vent (a) cross-section; (b) top. 
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Figure 4. Schematic of experimental set-up used at Westinghouse to determine hydrogen 
diffusion characteristic across NFr filter vents (from unpublished research results of S. H. 
Peterson, Westinghouse R&D Center, July 1988). 
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Figure 5. Schematic of experimental test vessel used at Westinghouse to determine VOC 
diffusion characteristics across NFT filter vents (from unpublished research result of S. H. 
Peterson and G. R. Marshall, Westinghouse R&D Center, October 1990). 
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Figure 6. Schematic of experimental set-up used to determine voe diffusion characteristics 
reponed in the WIPP NMD variance petition. 2 
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characteristic for NFT-013 filter vents was determined to be 74 x 10·7 mot s·1 using a different test 
vcs,,cl shown in Figure 7. The test vcs,,cl had a volume of 110 cm3 with an approximate length of 
20 cm and diameter of 3 cm. In addition. the filter vent was attached using an adapter that 
probably resulted in a concentration gradient across the gas chamber. 

Another set of diffusion experiments was performed across NFI'-013 filter vents. c The 
experimental equipment consisted of a 433-L container inside a larger vessel with a volume of 
47 3 L A H2 gas mixture was introduced inside the smaller vessel The H2 concentration was 
measured inside each vessel. Hydrogen diffused across the filter vent located on the smaller 
vessel. Data from these experiments were used to calculate H2 diffusion characteristics. d The 
average H2 diffusion characteristic for five NFr-013 filter vents was (105 ::: 3) x 10-7 mol s·1• The 
hydrogen diffusion characteristic was determined for four NFI'-013 filter vents using a 1.5-1 test 
vessel 5 The sample port was located near the top of the vessel to minimize its distance from the 
filter. The average value reported was (85 ::: 3) x 10·7 mol s·1• 

A series of diffusion experiments was conducted that demonstrated the importance of the 
test vessel configuration on the calculated diffusion characteristic. The average H2 diffusion 
characteristic for NFI'-020 filter vents in the first set of experiments, using a test vessel shown in 
Figure Sa, was (24 ::: 3) x 10·7 mol s·1.e A modified test vessel configuration, shown in Figure Sb, 
reduced the distance between the filter vent and the vessel base. f The average H2 diffusion 
characteristic for NFT-020 filter vents using the modified test vessel was (40 ::: 2) x 10·7 mol s·1• 

The increase in the reported diffusion characteristic was directly attnbuted to the test vessel 
modification. 

The hydrogen diffusion characteristic across filter vents with sintered metal filters have been 
reported.I The filter vents were manufactured by Pall Advanced Separation Systems. The test 
vessel shown in Figure 8b was used in the diffusion tests. The average hydrogen diffusion 
characteristic for six filter vents comparable in size and dimensions to a NFI' -020 filter vent was 
(39 ::: 1) x 10·7 mol s·1• The average hydrogen diffusion characteristic across two filter vents 
comparable in size and dimensions to a NFI'-013 filter vent was (256::: 45) x 10·7 mol s·1• The 
large standard deviation was attnbuted to rapid transport from the test vessel which made it 
difficult to accurately reproduce experimental results. 

c. Unpublished repon evaluating hydrogen diffusion aaoss flltervcnts; D. T. Hobbs, Westinghouse Savannah 
River Corp. (July 1990). 

d. Unpublished repon evaluating hydrogen and voe diffusion characteristics across NFT-012 and NFT-013 
filter vents; K. J. Uekhus and D. A. Johnson, EG&G Idaho, Inc. (June 1994). 

c. Unpublished research results concerning hydrogen diffusion characteristic measurements across NFT-020 
filters; E. B. McNew and D. A. Johnson, EG&G Idaho Inc. (April 1992). 

f. Unpublished rcscarch results concerning measurements of hydrogen diffusion characteristic across NFI'-020 
filter vents; E. B. McNew, EG&G Idaho Inc. (June 1992). 

g. Unpublished research results rcponing hydrogen diffusion characteristics measured across carbon 
composite and sintered metal filters; D. A. Johnson and IC. Messick, EG&G Idaho Inc. (May 1993). 
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Figure 7-; Schematic of experimental test vessel used at Westinghouse to determine H2 diffusion 
characteristics across NFI' mter vents (from unpublished research result of S. H. Peterson and 
G. R. Marshall, Westinghouse R&D Center, October 1990). 
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Figure 8. Schematic of test vessels used at the INEL to determine H2 diffusion characteristic 
acnm NFr-020 filter vents (a) original design; (b) modified design (unpublished research results 
of E. B. McNew and D. A. Johnson, EG&G Idaho, Inc., April 1992; E. B. McNew, EG&G Idaho, 
Inc., June 1992). 
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3.2 Polymer Bags 

The gas diffusion characteristic across different filter vents of the same design will be similar, 
allowing for variations in construction. Equation ( 4) shows that the permeation characteristics of 
different polymer bags do not have to be similar because, besides being a function of the gas
polymer permeability, they arc also a function of the permeable surface area and bag thickness. 
The permeable area is the parameter that can have the greatest variation and depends upon how 
much waste is placed inside the bag and ~he type of bag closure. 

Hydrogen transport characteristics for different layers of confinement in vented waste drums 
have been determined under assumed steady-state conditions.1 The layers of confinement 
included polyethylene and polyvinyl chloride (PVC) bags as well as drum liners and drum filter 
vents. The polymer bags were scaled by a twist-and-tape or fold-and-tape method. The 
experiments consisted of simulating hydrogen generation by maintaining a controlled release of 
hydrogen gas in the innermost bag and monitoring the hydrogen concentration in all void volumes 
between the layers of confinement. The tests were terminated when it was determined that H2 
concentrations in all layers of confinement remained constant for at least twelve hours. A 
hydrogen mass balance at steady state allowed calculation of the gas transport characteristic across 
each layer of confinement. 

The hydrogen diffusion characteristic of a taped bag closure of a small PVC bag was 
calculated as the difference between the H2 transport characteristics of polymer bags with and 
without taped closures. A H2 diffusion characteristic of S.6 x 10·7 mol s·1 was reported for a 
taped closure. A hydrogen permeation characteristic of 4.9 x 10·7 mol s·1 was calculated for a 
0.036-cm (14-mil) PVC heat-scaled bag with a permeable surface area of approximately S,800 cm3• 

The reported hydrogen flow rates into the bags at the time steady state was declared were not 
identical and ranged between 1.5 and 3.7 cm3 hr"1• The gas feed rate was not maintained at a 
constant value but adjusted as necessary to maintain H2 concentration in the innermost bag at or 
near 4%. 

Two experiments were conducted to identify hydrogen diffusion characteristics for 0.030-cm 
(12-mil) thick PVC bags with and without a taped closurc.5 In the first test, a bag was sealed 
over a cin:uJar plate with a surface area of approximately 2,800 cm2 and a depth of approximately 
2-S cm. The bag was filled to atmospheric pressure with a 6% hydrogenl'J4% argon gas mixture. 
The plate was fitted with a sample port and samples were collected at regular intervals and 
anal)7.cd by mass spectrometry. The hydrogen diffusion characteristic was calculated to be 
2.8 x 10·7 mol s·1• Another bag was prepared with a taped closure. The open end was twisted 
between 6 and 8 times, folded over so that the length of the twisted section end was halved, and 
then secured with tape wrapped around the folded material The taped closure and sufficient bag 
material were removed and securcci over the circular plate. Fivc different bags with a taped 
closure were prepared and tested. The average hydrogen diffusion characteristic across these 
samples was 3.6 x 10·7 mol s·1• 
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4. NEW TRANSPORT CHARACTERISTIC MEASUREMENTS 

The review of earlier drum filter vent diffusion experiments showed a wide variety of test 
vessel designs. In most cases, insufficient care was taken to minimize concentration gradient 
formation within the test vessel. A series of diffusion tests was conducted at the INEL using a 
test vessel specifically designed to minimize development of concentration gradients. A series of 
transport experiments was also conducted to identify H2 and VOC transport characteristics across 
polymer bags and determine whether hydrogen transport across a small polymer bag with a taped 
closure is significant compared with penrieation across the bag surface. 

4.1 Experimental Apparatus 

4.1.1 Drum Fiiter Vents 

A cylindrical stainless steel vessel with a flat lid and base was constructed with an external 
diameter of 6.0 cm (2.4 in.) and an external height of 3.8 cm ( 1.S in.). The vessel was designed 
for a drum filter vent to be screwed into the center of the top lid. Separate side ports allowed for 
the introduction of gas and the sample collection with a gas-tight syringe. Because of variations in 
the filter housing assemblies, two different test vessels were constructed. The internal volume of 
the test vessel used with NFT-012 and NFT-013 filter vents was SS cm3 and for the test vessel 
used with NFT-020 filter vents was S9 cm3• 

4.1.2 Polymer Bags 

Polyethylene and PVC bags were beat-sealed or taped closed in a manner that ensured that 
the final surface area of the taped bags was approximately equal to that of the heat-sealed bags. 
The heat-sealed bags had a width of 30.S cm (12 in.) and length of 33 cm (13 in.). The width of 
the taped bags was identical to that of the heat-sealed bags. The taped portion was approximately 
lS cm ( 6 in.) long. Each bag held 3, 750 cm3 of gas without making the bag surface taut which 
meant that the internal bag and ambient pressures were equal. The average thickness of the 
polyethylene bags was 7.6 x 10·3 cm (3 mil) and of the PVC bags was 2.8 x 10·2 cm (11 mil). 

Bag feedthroughs were fabricated from modified brass bulkhead unions with two backing 
washers, two teflon sealing washers, and an n-butyl 0-ring. The outer sealing washer was 
machined to allow the 0-ring to seat between the sealing washer and bag. The outer backing 
washer and outer teflon sealing washer were epoxied to the body of the bulkhead union. The 
teflon ferrules were used to seal the sample transfer lines. 

The transport experiments were performed on an automated lab-scale system3.4 that sampled 
and analyzed gas concentrations in the bags. The automated gas sampling system included a high
and low-level gas sampling manifold, a gas chromatograph (GC) with flame ionization and thermal 
conductivity detectors, a GC data station, a 10-port gas sampling valve, a mechanical vacuum 
pump, a microcontroller, and a process controller. 
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4.2 Experimental Procedure 

In each experiment, the void volume of the filter vent test vessel or polymer bag was filled 
with a gas mixture and the average gas concentration was measured as a function of time. The 
rate of change in the gas concentration is directly dependent on the transport characteristic of the 
drum filter vent or polymer bag. 

4.2.1 Drum Filter Vents 

Pure hydrogen gas was used in the H2 diffusion characteristic experiments. Two different 
gas mixtures were used in the voe diffusion characteristic measurements. A VOe-gas mixture 
was introduced into the chamber that initially contained l,010 ppmv methylene chloride, 
1,020 ppmv TeA, 1,010 ppmv l,l,2-trichloro-1,2,2-trifluoroethane (Freon-113), 301 ppmv carbon 
tetrachloride, and 297 ppmv tricbloroethylene (TCE) in hydrocarbon-free air. Another voe-gas 
mixture containing 764 ppmv methanol, 980 ppmv TCA, 398 ppmv toluene, 746 ppmv 
cyclohcxane, and 99 ppmv p-xylene in hydrocarbon-free air was also used. 

4.2.1.1 NFT 4J20 Filter Vent b Two sets of experiments were conducted to determine if 
voe loading of the carbon-composite material significantly affected the rate of voe transport 
through a filter vent. A VOe gas mixture was introduced into the test vessel through the fill port 
at an approximate rate of 1,000 cm3 min"1 for one minute to purge air out from the vessel After 
the gas flow was discontinued, a clean filter was installed in the lid. The feed line was 
disconnected from the vessel and the feed port was capped. Gas samples were withdrawn by gas 
syringe at regular time intervals over 2 to 3 hours. Samples were injected into a gas 
chromatograph to determine voe concentrations. In other tests, approximately one liter of voe 
gas was introduced into a test vessel with the mter vent attached to the vessel This procedure 
increased the amount of VOCs absorbed onto the carbon COm!J<>Site filter. 

Hydrogen was introduced into a test vessel with a filter vent at about of 1,000 cm3 min"1 for 
a period of one minute to purge air out from the vessel Samples were collected over 40 minutes. 
The H2 and voe diffusion characteristics were determined for six filters. The room temperature 
during the tests was 298 K and the average ambient pressure was 64.4 cm Hg. 

4.2.1.2 NFT4J12 and NFT4J13 Filter Venfs. The gas mixture was introduced into a test 
vessel with filter vent attached through the fill port at about 1,000 cm3 min"1 for one minute to 
purge the vessel The feed line was disconnected from the vessel and the feed port was capped. 
Gas samples were withdrawn by gas syringe at regular time intervals. Samples were injected into 
a gas chromatograph to determine gas concentrations. The room temperature during the tests 
was 298 K and the average ambient pressure was 64.4 cm Hg. 

Total sample duration for the VOC gas mixtures was approximately 4S minutes. For the 
NFI'-013 filter vents, only four accurate measurements of the H2 concentration in the test vessel 
could be obtained within the first 12 minutes. As a result, tests to determine the H2 diffusion 

h. Unpublished report concerning measurement and estimation of gas diffusion characteristic across NFI'-020 
drum mter vents; K. J. Uekhus and D. A. Johnson, EG&G Idaho, Inc. (December 1993). 
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characteristic were performed in triplicate for each filter vent. For NFT-012 filter vents, the 
turnaround time between samples was reduced, and six gas samples were collected during each 
test; thus, only one H2 diffusion test was performed for each filter vent. 

4.2.2 Polymer Bags 

· Multivariable two-level experiments with one replicate were designed to investigate the 
effect of bag closure type on H2 and VOC transport from small polymer bags. Trichloroethylene 
and Frcon-113 were used in the experiments. The process variables were the bag (0.0076 cm 
(3 nul) polyethylene or 0.028 cm (11 mil) PVq and bag closure type (taped closure or 
heat-sealed). For each combination of bag and closure type. three bags were prepared The bags 
were randomly distributed between the experiments and each bag was used twice. 
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5.· RESULTS 

5.1 Hydrogen Transport Characteristics 

The average and minimum H2 diffusion characteristics for each drum filter vent type arc 
summarized in Table 1. The H2 transport characteristics for polyethylene and PVC bags with a 
heat-scaled or taped closure arc listed in Table 2 A general linear regression model was used on 
the experimental data to determine that at a level of significance of « = 0.05. there was no 
significant difference in the H2 transport characteristic across polyethylene or PVC bags with 
different closure types. 

5.2 VOC Transport Characteristics 

In experiments using the NFI'-020 filter vents, the natural logarithm of the fraction of the 
initial voe concentration in the test vessel was plotted as a function of time. Linear regression 
analysis was performed on each set of data to identify the slope and the correlation coefficient 
The correlation coefficient, in all cases, was greater than 0.98. The voe diffusion characteristics 
measured across six different clean and used filters are listed in Table 3. A students t-test at an 
IX =0.05 level Of significance showed that the difference in VOe diffusion characteristics for clean 
and used filter vents was significant for all voes except Freon-113. This was attributed to voes 
being adsorbed onto the carbon-composite materials. As a result, all later experiments had filter 
vents in place on the test vessel during gas purging instead of being put in place after purging. 
The average diffusion characteristics of nine different voes for NFI'-012 and NFI'-013 filter 
vents using this procedure arc listed in Table 4. 

A statistical linear model analysis of voe transport characteristic experimental data was 
performed to identify if the total transport characteristic varied significantly as result of the bag 
closure type. The bag closure type did not significantly affect the TCE transport rate from 
polymer bags. A bag material-bag closure interaction was observed with Freon-113. Specifically, 
the transport characteristic for PVC bags with a taped closure was significantly higher than for 
any other bag material-closure type combination. 

Table 1. Average and minimum H2 diffusion characteristics (mol s-1 x 107) across different NFI' 
drum filter vents. 

Average Minimum 

NFI'-012 28 :t 68 17 

NFI'-013 117 :t 11 102 

NFI'-020 42 :t 1 41 

a. One standard deviation. 
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Table 2. Hydrogen transport characteristics (mol s-1 x 107) for polyethylene and PVC bags. 

Twist-and-tape closure 

Heat-sealed closure 

Polyethylene 

5.93 

6.76 

3.65 

8.72 

PVC 

299 

1.98 

1.99 

209 

Table 3. VOC diffusion characteristics (mol s·1 x 107) for clean and used NFr-020 drum filter 
vents. 

Filter Methylene Carbon 
ID number chloride Freon-113 TCA tetrachloride TCE 

HC7: aean 3.75 274 287 285 3.32 
HC7: Used 3.71 2.73 2.69 261 3.16 

JDS: aean 4.90 3.41 3.33 3.28 3.38 
JD8: Used 4.75 3.64 3.39 3.~ 3:rl 

NBS: Cean 4.84 3.69 3.54 3.39 3.37 
NBS: Used 4.90 3.66 3.40 3J11 3:rl 

IE8:Cean 5.09 3.68 3.51 3.43 3.44 
IE8: Used 4.44 3.59 3.38 3.24 3.43 

GD9:Cean 5.11 3.72 3.62 3.49 3.68 
GD9: Used 4.30 3.48 3.23 3.14 3.()9 

OE4: aean 4.87 3.70 3.51 3.41 3.32 
OEA: Used 4.44 3.43 3.14 3JJ2 2.86 
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Table 4. VOC diffusion characteristic (mol s·1 x 107
) for NFI'-012 and NFI'-013 drum filter 

vents. 

Freon-113 

Methylene chloride 

1, 1,1-trichloroethaneb 

l, l, 1-trichloroethanec 

Carbon tetrachloride 

Trichloroethylene 

Methanol 

Cyclohexane 

Toluene 

p-xylene 

a. One standard deviation. 

NFI'-012 

3.20 :t o.s1• 

4.50 :t 0.67 

3.85 :t 0.60 

3.79 :t 0.57 

3.83 :t 0.57 

4.21 :t 0.53 

6.00 :t 1.11 

4.00 :t 0.59 

4.29 :t 0.50 

3.SS :t 0.29 

NFI'-013 

10.4 :t 0.6 

17.7 :t 0.9 

10.4 :t 0.5 

11.0 :t 0.6 

10.6 :t 0.5 

13.9 :t 1.8 

9.7 :t 0.9 

11.2 :t 0.5 

13.2 :t 2.5 

11.7 :t 2.3 

b. Gas mixture ex>ntaining TCA, Freon-113, TCE, carbon tetrachloride, and methylene chloride. 

c. Gas mixture ex>ntaining TCA. methanol. cydobeDDe, toluene, and p-xylene. 

20 

,~ ~; 



6. DISCUSSION 

6.1 Drum Fiiter Vents 

6.1.1 Hydrogen Diffusion Characteristic 

The H2 diffusion characteristics from this report and past investigations arc summari7.ed in 
Table S by the types of NFT drum filter vents. In all cases, values determined using the current 
INEL test vessel were greater than previously reported values. The higher values of H2 diffusion 
characteristic arc attributed to the test vessel configuration, the position of the filter vent relative 
to the gas sample location, and the validity of assuming a well-mixed gas volume. The test vessel 
used in the new diffusion studies minimized the distance between the base of the filter vent and 
had an internal volume between 55 and 60 cm3• The lower diffusion characteristics in other small 
test vessels (75-110 cm3) arc attnbuted to the elongated geometry of the test cylinder. Filter 
vents were located at the top usually attached to an adapter and gas samples were collected from 
the middle of the test vessel The design of these test vessels increased the likelihood of 
developing a concentration gradient in or near the test vessel. The larger diffusion characteristic 
value reported by Liekhusd was attributed to the fact that the H2 concentration outside the 4.33-L 
test vessel was also measured which resulted in a more accurate knowledge of the concentration 
gradient across the vent. 

6.1.2 VOC Diffusion Characteristic 

6.1.2.1 Clean and Used Fitter Vents. The ffiter treatment procedure passed 
approximately 100% of the molar capacity of the carbon-composite media over the filter in one 
minute, although only a fraction of the voes adsorbed onto the filter. The voe diffusion 
characteristics for treated filters were slightly less than values calculated for untreated filters. This 
was attributed to a decrease in the voe-adsorption capacity of the filters. The adsorption 
capacity of a clean filter may have enhanced the voe transport rate across the filter. Thus, a 
more conservative estimate of voe diffusion characteristics requires that tests be performed 
across filters exposed to voe gas mixture before gas sampling. 

It was assumed that the diffusion characteristic for each voe was not influenced by the 
presence of the other VOCs. Values for TCA diffusion characteristics using two different gas 
mixtures (sec Table 4) indicates that this was a valid assumption. 

6.1.2.2 Estimating VOC Diffusion Characteristic. It bas been proposed that the ratio of 
the voe-to-H2 diffusion characteristics is equal to the ratio of Voe-to-H2 diffusivity in air 

D• D 
llOC llOC-air --. -=---D. DH · H2 2_, 

The voe diffusion characteristic bas been estimated using the hydrogen as a reference gas and 
the inverse ratio of molecular wcigbts.1 Thus, the ratio of diffusion characteristics is 
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Table 5. Comparison of reponcd H2 diffusion characteristics (mol s-1 x 107) for different drum 
filter vents. 

NFT-012 NFT-013 NFI'-020 

This repon 28 ± 61 117 ± 11 42 :t: 1 

Petersonb 23 ± 2 39 ± 10 

Petersonc 74 

Hobbsd, Liekhuse 105 ± 3 

McNewf 24 :t: 3 

McNcw' 40 ± 2 

Smithh 85 ± 3 

a. One standard deviation 

b. Unpublished report, S. H. Peterson, Westinghouse R&D Center (July 1988). 

c. Unpublished report, S. H. Peterson and G. R. Marshall, Westinghouse R&D Center (October 1990). 

d. Unpublished report, D. T. Hobbs, Westinghouse Savannah River C.orp. (July 1990) . 

. e. Unpublished report, K. J. Uekhus and D. A. Johnson. EG&G Idaho, Inc. (June 1994). 

f. Unpublished report, E. B. McNew and D. A. Johnson. EG&G Idaho, Inc. (April 1992). 

g. Unpublished report, E. B. McNew, EG&G Idaho, Inc. (June 1992). 

h. Reference S. 

estimated as 

Gas diffusivity in air can be estimated at low pressures using an equation developed from a 
combination of kinetic theory and corresponding-states argumcnts6 

D,,.. 2.745x10 .. r; ~ .. P .. r [T.,. T .. r111 [i . ~.r (lO) 
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where 

DAB = mass diffusivity for gas(A)-gas(B) system, cm2 s·1 

Pei = critical pressure of species i. atm 

Tei = critical temperature of species i, K 

~ = molecular weight of species i. 

The ratio of VOC-to-H2 diffusivity in air can be estimated using Equation (10) 

1 1 _+_ 
Mllir Mvoc 

1 1 _+_ 
M. M8 OIT 2 

The experimental VOC-to-H2 diffusion characteristic ratios and estimated ratio values 
predicted using Equations (9) and (11) are listed in Table 6. 

(11) 

The VOC-to-H2 ratios for NFI'-012 mter vents was greater than the corresponding ratios in 
the other mter vents. This phenomenon is attnbuted to the difference in the mter vent designs 

· and highlights the limitation of using gas diffusivity data to estimate diffusion through porous 
media. The smaller openings at both ends of the NFT-012 filter vent result in decreased 

Table 6. Experimental and estimated VOCIH2 diffusion characteristic ratios. 

Eqn Eqn 
NFI'-012 NFI'-013 NFI'-020 (9) (11) 

Freon-113 0.116 ::t 0.014• 0.089 ::t o.oos O.OSl ::t 0.005 0.104 0.100 

Methylene chloride 0.163 ::t 0.020 0.1Sl ::t 0.007 0.104 : 0.010 0.154 0.128 

1,1,1-uicbloroethane 0.139 ::t 0.016 Q.092 ::t 0.004 0.093 ::t 0.007 0.122 0.105 

Carbon tettacbloride 0.139 : 0.017 0.091 : 0.004 0.071 : 0.005 0.114 0.105 

Tricbloroethylene 0.1S2 ::t 0.01S 0.119 : 0.009 0.075 : 0.005 0.123 0.108 

Methanol Q.218 ::t Q.028 . Q.083 ::t o.oos 0.142 ::t 0.033 Q.2SO 0.168 

Cyclobemae 0.145 ::t 0.018 Q.096 ::t o.oos 0.104 ::t 0.016 0.154 0.108 

Toluene O.lSS ::t 0.018 0.113 : 0.011 0.086 ::t 0.010 0.147 0.104 

p-xylene 0.129 ::t 0.014 0.100 ::t 0.010 0.059 ::t 0.009 0.137 0.09S 
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diffusion rates for both hydrogen and the' ·o::s_ However, the diffusion rate of the larger voe 
molecules through the filter vent is more iuluenced by the carbon composite medium than Hl" 
Thus, compared with the other filter vents, the vent constrictions cause a relative larger decrease 
in H2 diffusion characteristic than in the voe diffusion characteristic, which results in an increase 
in the voe-to-H2 ratio. A comparison of predicted diffusion characteristic ratios using 
Equations (9) and (11) indicate that Equation (9 • predicts larger VOe-to-H2 ratios. Equation (9) 
was generally more accurate in estimating the ratio for NFT-012 vents. Equation (11) was 
generally more accurate in estimating the.ratio for NFT-013 and NFT-020 filter vents. Neither 
equation adequately predicted the diffusion characteI istic ratio for methanol across the filter 
vents. Methanol is difficult to analyze because of its propensity as a polar compound to adhere to 
surf aces. 

6.2 Polymer Bags 

In determining the best straight line fit of the VOC data for PVC bags, data taken in 
approximately the first 2.S hours (9,000 s) were excluded. For hydrogen, data collected during the 
first 1,000 s were excluded. The nonlinear behavior over these times is attributed to the 
accumulation of gas in the polymer at the beginning of each trial. At the beginning of each trial, 
the polymer is relatively free of these compounds. During the course of the experiment, the gas 
content in the polymer approaches an equilibrium value. This equilibrium concentration may 
change during the experiment as the gas phase concentration in the void volume decreases, but 
the greatest rate of change occurs early in the experiment. For polyethylene bags, the data point 
at time :zero was the only data excluded in the straight line fit for both H2 and the VOCs. 
Frcon-113 and TCE may have different solubility in each polymer, but the main reason for 
different times over which data cxlubits nonlinear behavior is attnbuted to the total mass of the 
bags. The mass of the PVC bag was nearly four times greater than that of the polyethylene bag. 

The statistical test identified a bag material-closure type interaction in the bags containing 
Freon-113. Specifically, the transport characteristic from the PVC bags with a taped closure were 
significantly greater than from any other polymer-closure type combination. Several possibilities 
exist that may explain this discrepancy. The PVC bags arc thicker and, thus, the taped closure 
may be more difficult to seal tightly. However, since H2 diffuses approximately an order of 
magnitude more quickly than the VOCs, H2 transport rate from the PVC bags with a taped 
closure should be significantly greater than from heat-sealed bags; this was not observed. This 
indicates that a pathway that allows significant vapor or gas diffusion does not exist. A more 
likely explanation is that Freon-113 accumulates in new PVC bags during the initial stage of the 
experiments while it permeates relatively slowly from the bags. Unlike the bag holding the gas, 
the polymer in the taped closure is not directly exposed to the voe vapor and will take longer to 
achieve an equilibrium concentration. As a result, Freon-113 is steadily drawn up through the 
base of the taped closure. Since H2 has relatively low solubility in both polymers, the presence of 
the taped closure has a lesser effect on the total H2 transport rate. 

Two other studies investigated H2 transport through PVC bags with heat-sealed and taped 
closures.1.S The differences in total bag surface area, bag material, and bag thickness make it 
difficult to draw any conclusions from direct comparison of transport characteristics. Hydrogen 
permeability across a polymer can be calculated from the transport characteristic of the 
heat-sealed bags given the bag surface area, thickness, gas volume, temperature, and pressure. 
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Assuming that the primary transpon mechanism from heat-sealed bags is permeation and no 
pressure differential across the bag exists, the H2 permeability across polyethylene and PVC were 
calculated to be 10 and 12 Ba (Ba = 10-10 cm3(STI>) cm cm·2 s·1 (cm Hg)"1), respectively. This 
compares with reported values of 10 Ba across polyethylene and between 4 and 9 Ba across 
PVC. 7 Hydrogen permeabilities estimated from the H2 transpon characteristics in the 
TRUPACT-Il SAR1 and Smith et aL5 were 9 and 14 Ba, respectively. 

Comparison of the ratio of transpon characteristics from taped closure and beat-sealed bags 
with similar bag thickness and surface area eliminates most of the effect of these variables. The 
ratios of the average H2 transpon characteristics from this repon and two earlier investigations 
are listed in Table 7. The ratio of transport characteristics for polymers determined in unsteady
state experiments indicates that an increase in the overall transpon characteristic resulting from 
the presence of a taped closure is not significant. This conclusion is different from that made 
from the steady-state experiment. I In the steady-state tests, the H2 transport characteristic across 
the taped closure was determined as the difference between transpon characteristics measured 
across similar PVC bags with and without a taped closure. The original data showed the H2 
concentration in the polymer bag with a taped closure was increasing during the final 12-hour 
period and was not at steady state. I Hydrogen gas flow was also not maintained at a constant 
rate, but continuously adjusted to maintain H2 concentration at 4%. In addition, duplicate tests 
were not performed. In contrast, the unsteady-state experiment descnbed in this repon included 
tests across two different bags of the same material and closure type to calculate the average H2 
transport characteristic. Under these conditions, H2 transport from small polymer bags was not 
significantly affected by the type of bag closure. This means that most small bags placed in vented 
waste drums could have either a taped closure or heat seal without significantly affecting H2 
transport from the bags. 

Table 7. Ratio of average H2 transport characteristic for bags with taped closures to average 
H2 transpon characteristic for heat-sealed bags. 

Bag polymer 

Polyethylene 

PVC' 

L 11-mil thidc; 2,000 cm2. 

Ratio 

1.0 

1.3 

b. 12-mil thic:t; 2,800 cm2 (Reference S). 

c. 14-mil thick; 5,800 cm2 (Reference 1). 

2S 

Bag polymer 

PVC

PVCC 

Ratio 

1.2 

2.1 



7. IMPACT OF TRANSPORT CHARACTERISTICS 
ON MODEL CALCULATIONS 

The impact of different H2 and VOC transport characteristics for filter vents and polymer 
bags used in earlier model calculations is discussed in this section. 

7.1 Hydrogen Transport Characteristics 

Test results showed that the configuration of the test vessel affects the calculated filter vent 
gas diffusion characteristic. Hydrogen diffusion characteristics calculated from experimental data 
using the INEL test vessels were about 10 to 25% greater than the highest previously reported 
values. A larger diffusion characteristic would result in higher minimum allowable decay heat 
limit. A hydrogen diffusion characteristic of 19 x 10·7 mol s·1 was used to calculate the maximum 
allowable decay heat limit per innermost layer of confinement in the TRUPACT-11 SAR.1 This 
value was the lowest value determined across six NFT-012 filters. However, NFT-012 filter vents 
are no longer used in the transportation of vented waste drums. The NFT-013 and NFT-020 
filter vents are used. The lowest H2 diffusion characteristic measured across these filter vents 
using the smaller INEL test vessel was 41 x 10-7 mol s·1• The use of a H2 diffusion characteristic 
of a different drum filter vent will have a far more significant impact on model results than higher 
values resulting from improved test vessel design and experimental procedure. 

In model calculations of the maximum allowable decay heat limit per layer of confinement, 1 

a H2 transport characteristic of 5.60 x 10·7 mol s·1 was used as a conservative estimate of gas 
transport from a polymer bag with a taped closure. This value was the difference of two H2 
transport characteristics measured across PVC bags with and without taped closures, and was 
meant to descnbe H2 transport through the taped closure. Experimental evidence indicates that 
the transport characteristic for at least one bag was not measured under steady-state conditions as 
assumed. In addition, two unsteady-state experiments demonstrated that total H2 transport across 
a small PVC bag with a taped closure is not significantly greater than a similarly sized PVC bag 
with no taped closure. As a result, the maximum allowable decay heat limit should have been 
calculated using a H2 permeation characteristic for a heat-sealed PVC bag. The H2 permeation 
characteristic for a beat-sealed PVC bag reported in the TRUP ACT-II SAR was 
4.94 x 10-7 mol s·1•1 This transport characteristic is 12% less than the value used in original 
calculations and would result in a slightly lower calculated decay heat limit, all other variables 
remaining the same. In this report, the average H2 permeation characteristic for heat-sealed PVC 
bags was 2.04 x 10·7 mol s"1 and is less than the transport characteristic reported in the 
TRUP ACT-II SAR because of smaller bag surface area. 

7 .2 VOC-Fllter Vent Diffusion Characteristic 

The VOC diffusion characteristic across a filter vent is used in the WIPP NMD variance 
petition2 to estimate the rate of voe emissions from a vented drum. The diffusion characteristics 
for carbon tetrachloride and TCA across different drum filter vent types are on the order of 
10-11 mol s·1• It was estimated that rate of TCA emissions from a waste drum containing waste 
form Benelc:xJPlc:xiglass was 3.2 x 10·14 mol s·1• The explanation for the lower than expected 
values was a complex combination of Flckian and surface diffusion. A more likely explanation is 
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that the experimental set-up resulted in significant concentration gradient across the test vessel 
volume. Peterson and Marshallb and this repon demonstrated that actual voe diffusion 
characteristics are on the order of 10·1 mol s·1• Using the same TeA headspace concentration 
from a drum containing waste form Benelex/Plexiglass, the TeA emission rate from a drum with a 
NFr-012 ffiter vent is 1.0 x 10·9 mol s·1• This is over four orders of magnitude greater and 
significantly changes the total anticipated voe emissions from vented waste drums at the WIPP 
facility. The rate of voe emissions will still decrease as the voe drum headspace concentration 
decreases. 
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8. CONCLUSIONS 

1. Higher H2 and VOC diffusion characteristics for NFT drum filter vents were calculated using 
the INEL test vessels than measured in earlier experiments. The higher values are 
considered to be more accurate because of the small test vessel volume and the vessel 
configuration specifically designed to minimi:ze concentration gradient formation. 

2. Tests on PVC bags with a surface area between 2.000 and 3,000 cm2 and bag thickness 
between 2.8 and 3.0 x 10·2 cm (11-12 mil) show that the H2 transport characteristic from 
bags with a taped closure was only 20 to 30% greater than from heat-sealed bags. Tests on 
polyethylene bags with a surface area of 2.000 cm2 and bag thickness of 7.6 x 10·3 cm (3 mil) 
showed no difference at all in the H2 transport characteristic for bags with different types of 
closure. Under these conditions, H2 transport from small polymer bags was not significantly 
affected by the type of bag closure. This means that most small bags placed in vented waste 
drums could have either a taped closure or beat seal without significantly affecting H2 
transport from the bags. 

3. Gas transport from polyethylene or PVC bags containing TCE or Freon-113, or other VOCs 
with similar permeability across the polymer, would not be significantly affected by bag 
closure type in actual waste drums. 

4. Two methods of estimating a VOC diffusion characteristic across a filter vent based on the 
measured H2 diffusion characteristic and the estimated ratio of VOC-air diffusivity to 
hydrogen-air diffusivity were examined. The method estimating the ratio by the square root 
of the H2-to-VOC molecular weight ratio was best for NFT-012 drum filter vents. The 
method estimating the ratio using the critical temperature and pressure of H2 and the VOC 
as well as the molecular weight of H2' VOC, and air was a better method for NFT-013 and 
NFT-020 drum filter vents. 

S. Direct comparison of H2 permeation characteristics measured in different experiments is 
difficult because the transport characteristic is a function of the total permeable surface area, 
bag thickness, and gas-polymer permeability. Instead, hydrogen-PVC permeabilities were 
estimated from hydrogen permeation characteristics for heat-sealed PVC bags from the 
INEL and earlier transport experiments, and were approximately equal 

6. The H2 transport characteristic for a PVC bag with a taped closure reported in the 
TR.UPACT-Il SAR.1 was based on flawed experimental data. Steady-state conditions were 
assumed despite evidence that steady state had not been achieved. This led to the incorrect 
conclusion that significant gas transport occurred through the taped closure. 

7. The H2 permeation characteristic reported in the TRUPACT-Il SAR. for the heat-sealed 
PVC bag should have been used in model calculations of the maximum allowable decay heat 
limit per layer of confinement, instead of the H2 transport characteristic reported for a taped 
closure of a PVC bag. This would have resulted in a slightly smaller calculated maximum 
allowable decay heat limit per innermost layer of confinemenL 
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8. Model calculations of the maximum allowable decay heat limit per layer of confinement in 
the TRUPACT-ll SAR used the minimum H2 diffusion characteristic across a NFT-012 
drum filter vent. The NFT-012 drum filter vent is no longer used in the transshipment of 
waste drums. The minimum H2 diffusion characteristic across a NFT-020 filter vent should 
now be used in calculating the maximum allowable decay heat limit per innermost layer of 
confinement. The average H2 diffusion characteristic across the NFI' -020 filter vent is over 
two times greater than the NFT-012 value used in original calculations. This will result in an 
increase in the maximum allowable decay heat limit per innermost layer of confinement. 

9. The voe diffusion characteristics used in the WIPP NMD Variance Petition to estimate the 
rate of voe emissions from a vented drum were too low as a result of flawed cxpc:rimental 
set-up. The voe diffusion characteristics across different NFT filter vents were found to be 
at least four orders of magnitude greater than values listed in the WIPP NMD Variance 
Petetion. This significantly changes the total anticipated VOC emissions from vented waste 
drums at the WIPP facility. 
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voe SCREENING METHODOLOGY 

Screening the volatile organic compounds (VOCs) for inclusion in the exposure assessment was a two-step 
process. The first step was determining that only those VOCs listed in both Appendix VIII of Title 40 
of the Code of Federal Regulations (CFR) Part 261 and in the Waste Isolation Pilot Plant (WIPP) Quality 
Assurance Program Plan (QAPP) were eligible for inclusion in the demonstration. The second step was 
to score the VOCs based on the concentration-toxicity screening technique presented by the U.S. 
Environmental Protection Agency (EPA) in the Risk Assessment Guidance for Super.fund (EPA 1989, p. 
5-23). The scoring was performed using the weighted average VOC concentrations reported in the Idaho 
National Engineering Laboratory (INEL) and Rocky Flats Environmental Technology Site (RFETS) 
headspace sampling (Appendix C2, Table C2- l ). The methodology used in calculating the average VOC 
headspace concentrations is described in Appendix C2. 

The listing in Appendix VIII and/or the QAPP was used as a rough screening. VOCs that were to be 
analyzed on a site-specific basis (i.e., formaldehyde and hydrazine) were also screened out. VOCs listed 
in these sources are presented in Table D 13-1; VOCs selected from this listing are as follows: 

• Benzene 
• Bromoform 
• Carbon disulfide• 
• Carbon tetrachloride 
• Chlorobenzene 
• Chloroform 
• 1,2-Dichloroethane 
• (cis)-1,2-Dichloroethylene 
• 1, 1-Dichloroethylene 
• Isobutanof 
• Methyl ethyl ketone 
• Methylene chloride 
• 1, 1,2,2-Tetrachloroethane 
• Tetrachloroethylene 
• Toluene 
• 1, 1, I-Trichloroethane 
• 1, 1,2-Trichloroethane • 
• Trichloroethylene 
• Trichlorofluoromethane • 
• Vinyl chloride* 

• No headspace data available 
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1 TABLE D13-1 
2 Chemicals in 40 CFR Part 261 Appendix VIII and WIPP QAPP 
3 . AppenlWI 
4 vru 
5 . <;;ompound Synonyms CASNumber Constituent QAPP. 
6 Acetone 2-Propanone 67-M-l + 
7 Antimony 7440-36-0 + 
8 Arsenic 7440-38-2 + + 
9 Barium 7440-39-3 + + 

10 Benzene 71-43-2 + + 
11 Beryllium 7440-41-7 + + 
12 Bromoform Tribromomethane 75-25-2 + + 
13 n-Butyl alcohol Butanol, 1-Butanol 71-36-3 + 
14 Cadmium 7440-43-9 + + 
15 Carbon disulfide Carbon bisulfide 75-15-0 + + 
16 Carbon tetrachloride 56-23-5 + + 
17 Chlorobenzene 108-90-7 + + 
18 Chloroform 67-66-3 + + 
19 Chromium 7440-47-3 + + 
20 Cresol Cresylic acid 1319-77-3 + + 
21 Cyclohexane 110-87-7 + 
22 1,4-Dichlorobenzene p-Dichlorobenzene 106-46-7 + + 
23 ortho-Dichlorobenzene 1,2-Dichlorobenzene 95-50-1 + + 
24 I, 1-Dichloroethane Ethy lidene chloride 75-34-3 + 
25 1,2-Dichloroethane Ethylene dichloride 107-06-2 + + 
26 (cis)-1,2-Dichloroethylene ( cis)-1,2-Dichloroethene, 540-59-0 + + 

sym-Dichloroethylene 
27 I, 1-Dichloroethy Jene I, 1-Dichloroethene, Vinylidene chloride 75-35-4 + + 
28 2,4 Dinitrophenol 51-28-5 + + 
29 2,4-Dinitrotoluene 121-14-2 + + 
30 Ethyl benzene 100-41-4 + 
31 Ethyl ether Diethyl ether, Ether 60-29-7 + 
32 Formaldehyde 50-00-0 + SS 
33 liexachlorobenzene 118-74-1 + + 
34 liexachloroethane 67-72-1 + + 
35 liydrazine 302-01-2 + SS 
36 Isobutanol Isobutyl alcohol 78-83-1 + + 
37 Lead 7439-92-1 + + 
38 Mercury 7439-97-6 + + 
39 Methanol Methyl alcohol 67-56-1 + 
40 Methyl ethyl ketone 2-Butanone 78-93-3 + + 
41 Methyl isobutyl ketone 4-Methyl-2-pentanone 108-10-1 + 
42 Methylene chloride Dichloromethane 75-09-2 + + 
43 Nickel 7440-02-0 + + 
44 Nitrobenzene 98-95-3 + + 
45 Pentachlorophenol 87-86-5 + + 
46 Polychlorinated Biphenyls (PCBs) 1336-36-3 + + 
47 Pyridine 110-86-1 + + 
48 Selenium 7782-49-2 + + 
49 Silver 7440-22-4 + + 
50 I, 1,2,2-Tetrachloroethane 79-34-5 + + 
51 Tetrachloroethylene Tetrachloroethene, Perchloroethylene 127-18-4 + + 
52 Thallium 7440-28-0 + + 
53 Toluene 108-88-3 + + 
54 I, I, I-Trichloroethane Methyl chloroform 71-55-6 + + 
55 I, 1,2-Trichloroethane 79-00-5 + + 
56 Trichloroethylene Trichloroethene 79-01-6 + + 
57 Trichlorofluoromethane Freon-11 75-69-4 + + 
58 I, 1,2-Trichloro-1,2,2-trifluoroethane Freon-113 76-13-1 + 
59 1,2,4-Trimethylbenzene Pseudocumene 95-63-6 + 
60 1,3,5-Trimethylbenzene Mesitylene 108-67-8 + 
61 Vanadium Pentoxide Vanadium Oxide 1314-62-1 + + 
62 Vinyl chloride Chloroethylene 75-01-4 + + 
63 m-Xylene 1,3-Dimethylbenzene 108-38-3 + 
64 a-Xylene 1,2-Dimethylbenzene 95-47-6 + 
65 p-Xylene 1,4-Dimethylbenzene 106-42-3 + 
66 Zinc 7440-66-0 + 
67 SS= Site Spec1t1c 
68 
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The voes listed were further screened using the scoring technique outlined by EPA (EPA, 
1989). First, the headspace concentration in parts per million by volume was converted to a 
concentration in micrograms per cubic meter for carcinogens and milligrams per cubic meter for 
noncarcinogens. Several voes did not have sample quantitation limits (SQLs) reported by the 
laboratories providing the headspace sampling data; for these voes (carbon disulfide, 
isobutanol, 1,1,2-trichloroethane, trichlorofluoromethane, and vinyl chloride), SQLs were 
calculated (Appendix e2), and one-half the calculated SQL (rounded to two decimal places) was 
used for the headspace concentration in the scoring process. 

1 

2 

3 

4 

5 

6 

7 

8 

A risk factor was calculated for each voe from the weighted average headspace concentration 9 

and the toxicity value. The risk factors for all VOes were summed to yield a total risk factor. 10 

The contribution of each VOe to this risk factor was then calculated by dividing the individual 11 

risk factor by the total risk factor. The chemicals cumulatively responsible for approximately 12 

99 percent of the total risk factor were selected for use in the assessments. 13 

The conversion of headspace voe concentration in parts per million per volume to micrograms 14 

per cubic meter (for carcinogens) was performed using the following equation: 15 

where 
HSC = 
p = 
MW = 
R = 
T = 
HS = 

HSc = (HS)(l0-6 molfraction/ppmv)(PxMW)(106 µg/g)(103 L/m 3) 
. RxT 

weighted average headspace concentration for carcinogens, µg/m3 

pressure, 1 atm 
molecular weight, g/mol 
ideal gas constant, 0.082057 L atm/mol K 
temperature, 298 K 
weighted average headspace concentration, ppmv. 

(Dl3-1) 
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18 

19 

20 
21 

22 

The conversion of headspace voe concentration in parts per million per volume to milligrams 23 

per cubic meter (for noncarcinogens) was performed using the following equation: 24 

where 

HSn = (HS)(l0-6 molfraction/ppmv)(PxMW)(l03 mg/g)(l03 L/m 3) 
RxT 

HSn = weighted average headspace concentration for noncarcinogens, mg/m3 • 
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1 The equation used to calculate the individual risk factors for carcinogens was: 
2 

Rei = HSc x UR 

3 
4 where 
5 Rei = risk factor for carcinogenic VOC i 
6 UR = unit risk factor for VOC i, (µg/m3)-1. 

7 
8 The equation used to calculate the individual risk factors for noncarcinogens was: 
9 

10 where 

HSn 
R.=-

nz RjC 

11 Rni = risk factor for noncarcinogenic VOC i 
12 RJC = reference concentration for VOC i, mg/m3. 

13 
14 The total risk factor was calculated using the equation: 
15 

16 where 
11 Rr = total risk factor 
18 R1 + ... + Ri = risk factors for voes 1 through i. 
19 

(D13-3) 

(D13-4) 

(D13-5) 

20 Separate values of Ri were calculated for carcinogens and noncarcinogens. Finally, the ratio of 
21 the individual risk to the total risk (I\:/Ri or Rn/Ri) was calculated for each VOC. Based on this 
22 ratio, the voes responsible for approximately 99 percent of the total risk factor were selected 
23 for inclusion in the assessments. 
24 
25 Table D13-2 presents the VOC screening results using the headspace concentrations of the 
26 VOCs. The following chemicals were selected to be included in the no-migration demonstration: 
27 
28 • Carcinogens 
29 - Carbon tetrachloride 
30 - Chloroform 
31 - 1, 1-Dichloroethy lene 
32 - Methylene chloride 
33 - 1, 1,2,2-Tetrachloroethane 
34 

35 • N oncarcinogens 
36 - Carbon disulfide 
37 - Chlorobenzene 
38 - Methyl ethyl ketone 
39 - Toluene. 
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TABLE D13-2 
2 Results of the VOC Screening Using Headspace Concentrations 
3 
4 .. •· • • • • • . ~ulal" Uea p*e Uelllfs(lllce .. W •. . . . . . . . . . . . . . . . ...... ·.·.· ...... ·.· .. 
5 · · Weight Concentriitfon conceittt!)tion Chemical (cubic D1etel"s per Calculatecl AbSoliite Percent 
6 Carcinogen . (graJJiS per (parts per Clllicr0gJ:'aD1~ CI11ss ·.•• DlicrograD1} Score Score of total 

· · · · · · · · · · · •··• U10le) milli1m by per cubic 
voliiDle) meter) 

7 
8 Benzene 78.11 9.25 a 2.95e+04 A 8.30e-06 c 0.245241838 0.245241838 0.0033066001 
9 Bromoform 252.77 9.38 a 9.70e+04 B2 l.lOe-06 c 0.106656948 0.106656948 0.0014380576 

10 Carbon tetrachloride 153.84 375.5 a 2.36e+06 B2 l.50e-05 c 35.43550059 35.43550059 0.4777774952 * 
11 Chloroform 119.39 25.33 a l.24e+05 B2 2.30e-05 c 2.844455073 2.844455073 0.0383518392 * 
12 Methylene chloride 84.94 368.5 a l.28e+06 B2 4.70e-07 c 0.601610915 0.601610915 0.0081115309 * 
13 1,1-Dichloroethylene 96.95 11.46 a 4.54e+04 C 5.00e-05 c 2.271802306 2.271802306 0.0306307516 * 
14 1,2-Dichloroethane 98.96 9.07 a 3.67e+04 B2 2.60e-05 c 0.954351636 0.954351636 0.0128675404 * 
15 1,1,2,2-Tetrachloroethane 167.86 9.35 a 6.42e+04 C 5.80e-05 c 3.722673296 3.722673296 0.0501928714 * 
16 Tetrachloroethylene 165.85 9.4 a 6.38e+04 C-B2 5.80e-07 c 0.036977659 0.036977659 0.0004985705 
17 1,1,1-Trichloroethane 133.4 317.1 b l.73e+06 C l.60e-05 c 27.67834734 27.67834734 0.3731876576 * 
18 1,1,2-Trichloroethane 133.42 0.07 b 3.82e+02 C l.60e-05 c 0.006110926 0.006110926 0.0000823937 
19 Trichloroethylene 131.4 25.1 a l.35e+05 C-B2 l.70e-06 c 0.229290525 0.229290525 0.0030915283 
20 Vinyl chloride 62.5 0.16 b 4.09e+02 A 8.40e-05 d 0.034351633 0.034351633 0.0004631637 
21 
22 Total= 46.3959077 1.00000 
23 *VOCs account for approximately 99 percent of total score. 
24 

~~ I Noncarcinogen (~::rrr c~=~~n c!~!:n c~e:;~al (milliJY~s per >ca~::ed < A~:t~~< !r~~:~ 
. . . . . . .. per cilbic cubic meter) 

meter) ·· 
28 i--~~~~~~~~------~~~~~~~~---'~~~~~---'-

29 Carbon disulfide 76.14 0.13 b 4.05e-Ol ND 7.00e-01 d 0.578264172 0.578264172 0.0001886173 
30 Chlorobenzene 112.56 12.52 a 5.76e+Ol D 2.00e-02 d 2881.552379 2881.552379 0.9399003669 * 
31 (cis)-1,2-Dichloroethylene 96.95 8.97 a 3.56e+Ol D ND - O 0 
32 Isobutanol 74.12 0.13 b 3.94e-Ol ND ND - 0 0 
33 Methyl ethyl ketone 72.l 63.66 a 3.83e+Ol D l.OOe+OO c 0.383306971 0.383306971 0.0001250265 
34 Toluene 92.13 19.4 a 7.3le+Ol D 4.00e-01 c 182.7304444 182.7304444 0.0596027381 * 
35 Trichlorofluoromethane 137.38 0.07 b 3.93e-Ol ND 7.00e-01 d 0.561812778 0.561812778 0.0001832512 
36 
37 Total= 2136.94983 1.00000 
38 *VOCs account for approximately 99 percent of total score. 

39 
40 'Measure data from INEL and RFETS sampling. 'Toxicity data from Integrated Risk Information System. 
41 •one-half the calculated sample quantitation limit. •Toxicity data from Health Effects Assessment Summary Tables, Annual Update. 
42 ND = No data available. 

D 



2 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

THIS PAGE INTENTIONALLY LEFT BLANK 

013-6 



REFERENCE 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 ' " 

EPA (U.S. Environmental Protection Agency). 1989. Risk Assessment GuidanceforSuperjund, 2 

Volume 1, Human Health Evaluation Manual (Part A). EPA 540/1-89/002. Washington, D.C. 3 

D13-7 



1 

2 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

THIS PAGE INTENTIONALLY LEFT BLANK 

D13-8 



BIBLIOGRAPHY 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

DOE (U.S. Department of Energy). 1995. Transuranic Waste Characterization Quality 2 
Assurance Program Plan. Rev. 0. Carlsbad, New Mexico. 3 

EPA (U.S. Environmental Protection Agency). 1989. Risk Assessment Guidance for Supelfund, 4 

Volume 1, Human Health Evaluation Manual (Part A). EPA 540/1-89/002. Washington, D.C. 5 

EPA (U.S. Environmental Protection Agency). 1994a. Health Effects Assessment Summary 6 

Tables, Annual Update. EPA 540-R-93-058. Office of Solid Waste and Emergency Response, 1 

Washington, D. C. a 

EPA (U.S. Environmental Protection Agency). 1994b. Integrated Risk Information System g 
(IRIS). Retrievals made during September 1994. Washington, D.C. 10 

013-9 



APPENDIX D14 

LIQUID CONTENT MEMO 



• 
Environment, Safety and Health ?A:9~: 10052£ 
234-8291 
October 8, 1993 
FREE LIQUID CONTENT OF WASTE STORED AT IDAHO NATIONAL 
ENGINEERING LABORATORY AND DISPOSmONED AS WASTE ISOLATION 
PILOT PLANT CERTIFIED 

L. R. Fitch 

cc: W. H. Bodily 
R. F. Kehrman 

L.L.Reed 
W.W. Weston 

With regard to the determination of estimates on the amount of free liquid resident 
within the TRU waste certified for disposal at the WIPP repository, a standard 
approach is to bound the estimate and thereby provide the underpinnings for 
~stablishing numerous best case/worst case scenarios. Several compelling arguments 
for taking this approach can be made. First and foremost, without sufficient data to 
establish an accurate statistical sampling of percent free liquid content by volume within 
the TRU waste inventory, bounding the problem is the only alternative. Secondly, 
should the performance assessment using the bounding values for free liquid 
demonstrate a benign repository response to the resulting gas generation, this result in 
conjunction with supporting laboratory-scale, bin-scale, and alcove-scale test data 
would constitute compelling evidence to justify the WIPP's request for a no migration 
determination during the disposal phase. 

Unfortunately, by incorporating multiple bounding conditions including a free liquid 
content of one (1) gallon per each 55-gallon drum re.ceived into the Waste Isolation 
Pilot Plant (WIPP), Sandia National Laboratory's (SNL's) calculations have run 
unequivocally demonstrated the repository's response function to be independent of the 
generated gas pressure. In light of this result and the fact that there now exists a large 
waste characteri7.ation data base resident at the Idaho National Engineering Laboratory 
(INEL), it is now possible for SNL to input a more realistic estimate for the percent 
free liquid volume into their performance assessment calculations. Although the INEL 
data base is specific to waste derived from operations at the Rocky Flats Plant (RFP), 
there is a growing consensus that this information be used as the first step in a "phased 
approach" to resolving issues associated with gas generation - even if it should only 
relate to waste re.ceived from past RFP operations in addition to the current 
decommissioning and decontamination activities. 

~-": 



L. R. Fitch - 2 - DA:93: 10052 

This examination of the EG&G/INEL data is the most exhaustive inquiry to date into 
the question of how much free liquid is resident in waste dispositioned as WIPP 
certified. Attached are the results of this inquiry. Several items need to be clarified in 
order to preclude any misinterpretations. First, the attached report only accounts for 
free residual liquid within the waste packages. No accounting of absorbed or adsorbed 
liquids is made in this report. Second, only waste dispositioned as WIPP certified is 
included in this report; i.e., of the approximately 17,000 drums examined, 9,171 drums 
were certified as acceptable per the WIPP Waste Acceptance Criteria (WAC). The 
majority of those waste drums rejected were on the basis they constituted Low Level 
Waste (LLW). Only a minority of the waste drums were rejected due to the presence 
of various non-conforming waste forms. Third, input to this study was also solicited 
from the RFP; however, due to the fact their data was not readily accessible from a 
computer data base, the submi~ of this report on a timely basis did not allow for that 
additional information to be included at this time. 

Upon perusing the data, the most striking observation is the small average liquid 
volume measured for the thirty four content codes. These values can be seen to span 
the range from 0.00000 to 0.39208 pints with an average of the averages equal to 
0.18109 pints. Since the WAC prohibits free liquids in excess of one volume percent 
of the 55-gallon container, this equates to an upper bound of 0.55 gallons or 4.4 pints 
per 55-gallon drum. Comparison of these values indicates that on average the free 
residual liquid volume observed within this data base is much less than the upper bound 
established by the WAC. Also of importance is the fact that the free residual liquid 
volume averages are small relative to their corresponding standard deviations. This is 
indicative of a skewed frequency distribution. Thus, Waste Compliance would like to 
suggest that SNL use a Poisson distribution with a mean equal to the average specified 
above in place of their previous probability distributions for available water. 

It is the intent of Waste Compliance to continue working with both INEL and RFP 
personnel to refine this data. Specifically a determination of the nature of the skewed 
frequency distributions is needed in order to more accurately model the residual free 
liquid volume parameter for each content code. In addition, since the LLW and TRU 
waste forms are in many instances derived from the same processes, it is of interest to 
determine if the water content of these waste categories are the same. An inquiry of 
this nature will provide insight on the relative importance of process knowledge to the 
characteriz.ation of waste. 
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For purposes of validating the information in this report, cogni7.ant personnel to contact 
at EG&G/INEL that were instrumental in this study include Ms. Diane Hartley 
(208) 526-2484 and Mr. Tom Clements (208) 526-0664. Personnel to be contacted at 
EG&G/RFP include Mr. Jerry O'Leary (303) 966-3268 and Mr. Steve Tallman (303) 
966-2257 .. 

liott, Manager 
aste Compliance 

alt 
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ORT NO.: POLDSROl 

AVERAGE AMOUNT AND S'l'ANDARD DEVIATION OP LIQUID 
IN CONTAll:E?~ DESTINED &OR WIPP 

ST.~DARO 
NUMBER AVERAGE OE'lIATION CONTENT OF LIQUID OF CODE CON'l'Ail1EF:S (PINTS) L.::QUID -·-.. ----- __ ,_ _______ 

-------~-.---
"9 ___ • ____ .., ____ 

1 3,733 0.14808 0.45 2 ~2 0.34048 0.62 3 550 0.13800 0.42 4 283 0.11131 0.40 7 2,621 0.32030 0.64 292 186 o. 33710 0.67 300 344 0.00087 0.01 302 6 ,o. 00000 o.oo 303 72 ·O. 00000 o.oo 312 i 0.00000 o.oo 
320 93 0.00000 o.oo 
330 49 o.oas71 0.41 
335 4 0.12500 0.25 
336 60 0.15667 0.44 
337 101 o. 39208 0.56 
338 13 0.00000 o.oo 
339 78 0.00000 o.oo 

70 l 0.!>0000 o.oo 
71 83 o.oooco o.oo 

374 2 0.00000 o.oo 
'377 l 0.00000 o.oo 
409 ~ 0.00000 o.oo 
411 10 0.00000 o.oo 
414 4 o.oooco o.oo 
432 72 0.05139 0.19 
440 205 0.06000 0.16 
441 2 0.00000 o.oo 
442 241 0.00249 0.03 
464 l 0.00000 o.oo 
480 268 0.04739 0.23 
481 29 0.02759 0.11 
490 1 o.coooo o.oo 
900 l 0.00000 o.oo 
970 3 0.00000 o.oo ---9,171 
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NMED Air Quality Permitted Sources Emissions Data 

Facilitv Pollutant Tons/yr 

1. Navajo Refinery VOC's 779.73 
5 Miles South of Lovington Toluene 12.353 
on Highway 18 Benzene 4.311 
(505) 748-3311 Ethyl Benzene 1.863 
Permit# 273 Xylene 13.581 

Hex 7.524 
Napthalene 1.841 

2. SPS - Cunningham Plant Nox 20 
15 Miles West of Hobbs 
on U.S. Highway 62-180 
(505) 391-3200 
Permit# 622 

3. SPS - Maddox Plant VOC's 8 
8 Miles West of Hobbs co 489 
on U.S. Highway 62-180 N2 4155 
(505) 391-3200 
Permit# 747 

4. IMC Fertilizer, Inc. TSP 567 .2* /535.1 
26 Miles SE of Carlsbad 
on Highway 31 
(505) 887-2871 
Permit # 495-M-5 

5. New Mexico Potash Corp. TSP 1007.8*/394.2 
35 Miles East of Carlsbad 
on U.S. Highway 62-180 
(505) 887-1117 
Permit# 755 

6. Navajo Refinery VOC's 1760.70 
501 E. Main St. Toluene 68.536 
Artesia, NM 88210 Benzene 26.546 
(505) 748-3311 Ethyl Benzene 36.743 
Permit # 195-M-5 Xylene 22.411 

Hexane 24.696 
Napthalene 1.744 
HF Acid 9.248 
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Facility Pollutant Tons/yr 

7. GPM - Lea Plant S02 818.000 
28 Miles West of Hobbs VOC's 45.70 
on U.S. Highway 62-180 co 789.10 
(505) 397-5720 NOX 2540.60 
Permit# 76 

8. GPM - Eunice Plant 
1 Mile North S02 34,264.70 
1 Mile West of Oil Center VOC's 420.20 
(505) 397-5591 co 634.50 
Permit # 44-M-5 NOX 4339.90 

9. GPM - Artesia Plant S02 1459.00 
12 Miles East of Artesia VOC's 69.20 
on Hwy 82 and co 886.50 
3 Miles South NOX 2040.60 
on County Rd. 206 
(505) 397-5594 
Permit# 434 

10. El Paso Natural Gas VOC's 4.73 
9 miles NW of Carlsbad, NM co 26.00 
(505) 885-0615 NOX 83.00 
Permit # 1009 

11. Mississippi Chemical Corp. TSP 801.5*/146.7 
18 Miles East and 
2 Miles South of Carlsbad 
on Highway 41 
(505) 887-5591 
Permit# 421 

12. Western AG-Minerals Co. TSP 3822.0*/102.2 
20 Miles East of Carlsbad PM10 1834.6*/49.1 
on U.S. Highway 62-180 NOX 14.4*/14.4 
(505) 885-3175 co 3.6*/3.6 
Permit # 163-M-2 

13. Anderson Ranch Station VOC's 1.5/1.36(actual) 
10,000 bbl Oil Storage Tank 
15 Miles West of Lovington 
Permit # 1524 
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Facility Pollutant Tons/yr 

14. Cabin Lake Compressor Sta. NOX 50.00 
21 Miles West of Carlsbad co 46.00 
Permit# 1120 VOC's 18.00 

15. Lea Crude Oil Storage Fae. VOC's 9.80 
4 Miles North of 
Oil Center, NM 
Permit # 1430 

16. Thomas Station Alt #1 VOC's 1.52 
Crude Oil Storage Tank 
20,000 bbl Capacity 
28 Miles West of Jal, NM 
Permit # 1504 

17. City of Hobbs VOC's 35.400 
Soil Vapor Extraction Sys. Ethyl Benzene 0.200 
Ground Water Vapor Extrac. Benzene 1.800 
Hobbs, NM 88240 Toluene 0.920 
Permit# 1486 Xylene 0.500 

Ethyl Dichloride 0.070 
Ethyl Dibromide 0.013 

18. Monument Lateral Comp. Sta. NOX 14.40 
16 Miles Southwest of co 18.60 
Monument, NM VOC's 0.40 
Permit # 1242-Revision 

19. Texaco, Inc. NOX 79.70*/21.50 
Bilbrey Compressor Station 1 co 57.80*/21.50 
27 Miles Northeast of Loving VOC's 10.90*/7.40 
Permit # 1505 

20. Vaca Compressor Station NOX 23.60 
20 Miles West of Jal, NM co 23.60 
Permit# 1448 VOC's 14.80 

21. Conoco Oil, Inc. NOX 959.80 
Maljamar Gas Plant co 136.10 
Maljamar, NM S02 3573.40 
Permit # 319-M-4 VOC's 42.70 
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Facility Pollutant Tons/yr 

22. Livingston Ridge VOC's 2.10 
Crude Oil Storage Facility 
Lea County, NM 
Permit # 1096-M-1 

23. Shoe Bar Compressor Station NOX 6.70 
5 Miles South of Lovington co 27.40 
Permit# 1472 VOC's 0.20 

24. Mike's Super Fina and VOC's 9.60 
Detail Shop (Gas/Oil Station) 
Soil Vapor Extraction System 
Hobbs, NM 
Permit # 1330 

25. Grama Ridge Number 1 N02 139.20 
Compressor Station co 187.40 
18 Miles Northwest of Eunice VOC's 44.40 
Permit # 944-M-2 

26. Rattlesnake Compressor Sta. N02 21.20 
9 Miles South-Southwest of co 31.80 
Jal, NM VOC's 8.01 
Permit # 477-M-1 

27. Commanche Compressor Station NOX 14.10 
20 Miles West of Oil Center co 2.00 
Permit # 1288-M-1 VOC's 2.00 

28. Texaco Oil Co., Inc. NOX 28.90 
Bilbrey Compressor Station 2 co 28.90 
26 Miles Northeast of Loving VOC's 9.60 
Permit # 1425 

29. Hat Mesa Compressor Station N02 245.80 
24 Miles West of Oil City, NM co 245.80 
Permit # 1018-M-2 VOC's 16.60 

30. Lynch Booster Compressor Sta. N02 225.70 
25 Miles Southwest of Hobbs co 225.70 
Permit # 609-M-3 S02 2.80 

VOC's 7.90 
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Facility Pollutant Tons/yr 

31. Asphalt Plant and TS P's 29.80 
Rock Crushing Plant NOX 59.00 
Loco Hills, NM co 22.30 
Permits # 1345 and # 1346 502 37.50 

VOC's 25.10 

32. WGI Compressor Station 
Notice of Intent 1542 - Per AQCR 702, no permit is needed if the uncontrolled 

emission rate of air pollutants from a particular facility is 
less than 1 O lbs/hr or 25 tons/yr. 

33. 127 hp Waukeska WAKC 
Natural Gas Engine 
Notice of Intent 1084 - Per AQCR 702 and AQCR 703.1, no permit is needed if 

the uncontrolled emission rate of air pollutants from a 
particular facility is less than 10 lbs/hr or 25 tons/yr. If 
the uncontrolled emission rate of air pollutants from a 
particular facility is less than 10 tons/yr, the Notice of 
Intent itself serves as the complete application. 

34. Armstrong Construction NOX 42.25 
3 Miles West of Hobbs co 25.10 
Permit # 827-M-3 TS P's 21.20 

PM10 10.20 
VOC's 7.30 

35. Compressor Station TS P's 4647.12 
22 Miles West of Jal NOX 32.00 
Permit # 261-M-3 VOC's 43.40 

36. Portable Natural Gas Comp. NOX 18.40 
Portable with locations co 39.00 
between Hobbs and Carlsbad VOC's 0.30 
Permit # 1543 

37. 125 tph Portable Rock N02 23.10 
Crushing Facility co 1.00 
6.8 Miles Southeast of 502 2.10 
Maljamar, NM VOC's 0.60 
Permit# 1474 
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Facility Pollutant Tons/yr 

38. Chiso BCD Compressor Station NOX 30.30 
20 Miles Southwest of Eunice co 56.70 
Permit # 1398 VOC's 6.30 

39. Mitchell Energy Technology NOX 6.60 
Geronimo Compressor Site co 27.00 
26 Miles South of Maljamar VOC's 1.50 
Permit # 1392 

40. TSTA Oil Producers NOX 28.80 
Antelope Ridge Comp. Station co 36.00 
22 Miles Southwest of Eunice VOC's 14.40 
Permit # 1377 

41. TSTA Oil Producers NOX 30.50 
Antelope Ridge L.P .Comp. Sta. co 31.60 
22 Miles Southwest of Eunice VOC's 13.80 
Permit # 1378 

42. Ojo Chiso No. 3 Comp. Station NOX 9.70 
21 Miles Southwest of Eunice co 16.90 
Permit # 1376 VOC's 4.90 

43. Antelope Ridge Gas Plant N02 180.80 
20 Miles Southwest of Eunice co 119.00 
Permit # 401-M-3 VOC's 430.20 

44. El Paso Natural Gas Co. N02 83.10 
Eunice B Compressor Station co 26.10 
9 Miles Northwest of Eunice VOC's 4.80 
Permit# 1009-Revision 

45. Llano, Inc. NOX 168.30 
Apex Compressor Station co 93.20 
8 Miles West of Hobbs VOC's 23.80 
Permit # 696-M-2 

46. Northland Sweet Booster Sta. NOX 20.30 
17 .50 Miles Southeast co 30.40 
of Artesia, NM VOC's 10.20 
Permit # 1289 
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Facility Pollutant Tons/yr 

47. Northland Sour Booster Sta. NOX 15.00 
7 Miles Southeast of Artesia co 22.50 
Pennit # 1290 VOC's 7.50 

48. Ranger Lake Booster Station NOX 35.10 
10 Miles East of Tatum co 35.10 
Pennit # 1136-M-1 VOC's 1.40 

49. Warren Petroleum Co. N02 2802.90 
Monument Gas Processing Plant co 387.40 
3 Miles West of Monument, NM S02 1460.00 
Penn it # 11 O-M-2 VOC's 113.70 

50. DA Natural Gas Comp. Station NOX 0.91 
10 Miles West of Eunice, NM co 7.30 
Pennit# 1134 VOC's 0.10 

51. Mid-America Pipeline, Inc. N02 36.00 
Caprock Compressor Station co 47.40 
Near Caprock, NM 
Pennit # 920-M-1 

52. Texaco Oil Co., Inc. NOX 1179.80 
Eunice South co 249.50 
Gas Processing Plant 802 5476.40 
6 Miles South of Eunice VOC's 56.90 
Pennit # 278-M-3 

53. ENRON Gas Processing Co. NOX 15.90 
Siete O&G Compressor Station co 15.90 
30 Miles Northeast VOC's 0.40 
of Lovington, NM 
Pennit # 1203 

54. Shoebar Compressor Station NOX 5.10 
Section 34, Range 35E, co 5.10 
Township 16S - Lea County VOC's 2.60 
Pennit # 1116 
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Facility Pollutant Tons/yr 

55. Warren Petroleum Co. NOX 2743.50 
Eunice Gas Processing Plant co 344.75 
Eunice, NM 802 632.80 
Permit # 67-M-2 VOC's 105.00 

56. Jal Number 3 Gas Plant NOX 3490.80 
Jal, NM co 518.40 
Permit # 1092 802 1205.90 

VOC's 123.50 
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WIPP PART B PERMIT APPLICATION REVIEW 
GROUNDWATER MONITORING 

CHAPTER E 

GENERAL COMMENTS 

1. The permit application states on page 0-39, Section 0-9d(1 ), that the "exposure of 
humans or the environmental receptors to hazardous waste or hazardous constitutions 
via the groundwater or subsurface environment will be unlikely," but provides only two 
paragraphs of information supporting this assertion. The section in Chapter 0 also 
references Chapter E for contaminant migration pathway discussion. However, neither 
Chapter O or E specifically address the environmental performance standards that must 
be met to ensure protection of human health and the environment. The permit 
application must be revised to address the specific elements which prevent releases of 
potential contaminants, that may have adverse effects on human health and the 
environment due to migration of waste constituents in ground water, as presented in 20 
NMAC 4.1 §264.601(a)(1)-(9). (See General Comment No. 15, Chapter 0.) Revise the 
permit application to include this information within Chapter 0 of the permit application. 

RESPONSE 

Chapter E and Appendices E1 and 06 have been modified and additional references 
added to strengthen the discussion of containment and no-migration from the WIPP 
facility. 

***** 

Although some of the necessary supporting documentation is included in Appendices E 1 
and 06, the permit application does not correlate this information with the environmental 
performance standards that must be addressed, at least in a preliminary fashion, in 
accordance with 20 NMAC 2.1 Section V, §264.600-603. When revising Chapter 0 to 
incorporate performance standard requirements, ensure that all supporting Appendices 
are referenced in detail (reference the specific location within the Appendix that 
addresses the standard of interest). Also, revise the permit application to discuss the 
environmental performance standards for the operational and post closure periods 
separately, unless the applicant can justify why, in the permit application, conditions 
during both time periods will be identical. 

RESPONSE 

References to Appendices E1, 06, 11, and 12 have been added to text. In addition, a 
separate discussion of post-closure performance has been added to Chapter I. 

***** 
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2. Chapter E does not provide any references for the assertions presented in the section, 
particularly those included in Section E-1 c. Refer to the Specific Comments below, which 
require justification of specific statements/numbers or assumptions, or appropriate 
referencing of supporting material. 

RESPONSE 

References to Appendix E1 have been added. 

***** 

3. DOE does not discuss any groundwater modeling currently being used and created by 
Sandia National Laboratories as applied to the WIPP. This information provides the most 
up-to-date understanding of groundwater flow in and around the WIPP, and is important 
to understanding the impact of gas generation on facility closure and groundwater 
transport, particularly during the near-term post-closure period. Revise the permit 
application to include this information. The groundwater modeling that has been 
employed at Sandia National Laboratories, such as the program BRAGFLO, should be 
used to discuss the possibility. of contaminants migrating up the shaft and into (and 
through) the Culebra, as well as lateral contaminant migration through Salado marker 
beds. 

RESPONSE 

The application demonstrates that waste constituents will not migrate to any 
water-bearing zone during the Disposal Phase and RCRA post-closure care period. 
Information has been added to make the case that gas generation and brine migration 
into the disposal panels are not significant during the period covered by the permit. This 
period of time is not considered significant from a long-term performance perspective 
because the repository is still reaching equilibrium. BRAGFLO data for the no-migration 
petition is mentioned to provide a basis for the amount of brine that may be present in 
the disposal rooms. Data from PANEL and SANTOS are used to demonstrate that creep 
closure is likely not be complete for 200 years. 

***** 

4. A lack of specific comments in portions of Chapter E does not imply the topics are 
adequately addressed if more detailed information is requested in either Appendix E 1 or 
Appendix D6. If a comment is offered on either of the appendices, revise Chapter E to 
reflect that concern. 

RESPONSE 

Chapter E, Appendix E 1, and Appendix D6 have been revised to address all specific and 
general comments that were provided. 

***** 
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WIPP PART B PERMIT APPLICATION REVIEW 
GROUNDWATER MONITORING 

CHAPTER E 

SPECIFIC COMMENTS 

1. Chapter E, E-1 Compliance with Groundwater Protection Requirements, Page E-1, 
lines 4-11 and 13-23. 

The permit application states that groundwater monitoring of the uppermost aquifer below 
the facility is not proposed because this water-bearing unit is not considered a credible 
pathway for release from the repository. Yet, the section does not provide a reference for 
this assertion, and appendices referenced in other portions of the section do not 
specifically address this claim. Revise the permit application to include information 
regarding this assertion, and appropriately reference this information within the body of 
the text. 

RESPONSE 

Explanation and a reference to EPA's work in 1989-1990 has been added here. 
Additional references are given in Appendix E1. 

***** 

Additionally, lines 12-18 begin with discussion of contaminant transport to the Culebra 
(above the facility), but then reiterates the assertion made in the previous paragraph 
regarding the uppermost aquifer below the facility, whicn is confusing. Revise the permit 
application to clarify this discussion, perhaps by moving the discussion in lines 15-18 to 
the discussion pertaining to the underlying aquifer in the previous paragraph. 

RESPONSE 

This has been clarified as requested. 

***** 

Lines 19 - 23 state Appendix E 1 demonstrates that groundwater monitoring at the WIPP 
is not required to ensure the protection of human health and the environment, and that 
migration of contaminants from the repository via the groundwater pathway is unlikely. 
As shown in specific comments pertaining to Appendix E1 (see attached), this assertion 
is not adequately demonstrated, particularly relative to environmental performance 
standards and contaminant transport during the closure and post-closure periods. Revise 
the permit application to address the concerns expressed in Appendix E1 comments, as 
well as General Comments Nos. 1 and 3, above. 
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RESPONSE 

See Appendix E1 for the revisions that respond to this comment. 

***** 

2. Chapter E, E-1 Compliance with Groundwater Protection Requirements, Page E-1, 
Lines 24 - 28. 

The permit application states that it would be beneficial to continue the Culebra 
groundwater monitoring program. However, in lines 26 - 28, the applicant asks the EPA 
Regional VI Administrator to find that there is no potential for migration of liquid 
(groundwater or brine) to the "uppermost and other aquifers during the active life of the 
facility, including the post-closure care period." This statement is contradictory; revise 
the permit application to clarify whether DOE intends to continue the Culebra 
groundwater monitoring program, and under what venue. 

RESPONSE 

The text has been revised to be more clear in reference to continued Culebra 
groundwater monitoring. Culebra groundwater monitoring is not intended for the 
detection of contaminants since the migration of contaminant is considered unlikely. 
Instead, it is for understanding the general characteristics of the water-bearing zone. 
This understanding supports assumptions made regarding the conceptual model of the 
Culebra that is used for long-term performance predictions. 

***** 

Additionally, groundwater modeling, including the programs BRAGFLO, the SECO codes, 
VAST and NUTS, has demonstrated that it is possible that contaminated groundwater or 
brine could flow from the repository into the Culebra, if specific assumptions regarding 
seal design, unit permeability, etc. are not met. Any discussion or wholesale statements 
regarding the confinement capabilities of the WIPP must be tempered with an 
understanding of the assumptions associated with this statement, and the application 
must be revised to discuss the appropriateness of these assumptions more thoroughly 
(Refer to General Comment No. 3, above). 

RESPONSE 

When these codes are used for prediction of the migration of hazardous waste 
contaminants, no brine leaves the Salado. This is being documented for the No
Migration Variance Petition. The NMED is referring to the application of these codes to 
radionuclide transport. For this case, the codes are implemented in a manner different 
than that mandated by EPA/OSW. Discussion, in the form of Sandia memos and data, 
are provided in the Appendices to Chapter I as background information on what is 
expected to occur during the disposal and post-closure periods. 

***** 
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Also, revise the permit application to explain why the Region VI Administrator, rather than 
the NMED, is to provide the ruling on whether or not DOE must maintain a Culebra 
monitoring program, given that this application has been submitted to the NMED and 
NMED has authorization over groundwater monitoring programs associated with the Part 
B permit application. 

RESPONSE 

"EPA Administrator'' has been changed to "NMED Secretary." 

***** 

3. Chapter E, Section E-1 c, No Migration, Pages E-2 through E-3. 

This section of the permit application was apparently written to support the requirement 
presented in 20 NMAC Section 4.1, §264.90 (a)(4), which indicates that ifthe NMED finds 
that there is no potential for migration of liquid from a regulated unit to the uppermost 
aquifer during the active life of the regulated unit (including the closure/post closure 
period), then a groundwater monitoring waiver can be acquired. The application is signed 
by a certified/qualified geologist, as required by the regulation, but the permit application 
does not address other critical elements of this demonstration. As stated in the above 
regulatory citation, the permit application must "provide an adequate margin of safety in 
the prediction of potential migration of liquid .... (basing) any predictions made ... on 
assumptions that maximize the rate of liquid migration". The permit application does not 
address this assumption. Revise the permit application to include a detailed discussion 
of those elements which maximize the rate of fluid migration, including but not limited to: 
seal permeability, gas generation effects, contaminant source term, etc. Provide a 
detailed, comprehensive discussion, including groundwater modeling, which assumes 
parameters and conditions that maximize fluid flow, as required by the regulations. 

RESPONSE 

The natural conditions presented are considered to maximize the potential for fluid flow 
within what is realistic and reasonable. The fact that the Salado is, for all practical 
purposes, impermeable, makes "maximization" difficult without becoming unrealistic. The 
modeling being performed for the No-Migration Variance Petition, which includes longer
term phenomena and which contains significantly more uncertainty than the short-term 
performance, uses "conservative" assumptions. This means that assumptions are made 
which tend to increase releases as opposed to decreasing them. 

***** 

4. Chapter E, Section E-1 c, No Migration, Pages E-2 through E-3. 

The permit application presents, in this section, a discussion that the applicant believes 
that migration of hazardous constituents from the WIPP facility through groundwater is 
unlikely. However, the discussion is not "balanced", and claims presented in the section 
are sometimes unsubstantiated and are based upon confusing logic and unsubstantiated 
conclusions. That is, the application makes blanket statements regarding facility 
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characteristics, when alternative interpretations or additional information are available that 
bring to question the presented interpretation. The following issues arise from review of 
this section that illustrate these concerns, which the permit application must be revised 
to address: 

• While the Salado may be of low permeability, considerable attention has been 
paid to the potential for fluid flow and, hence, contaminant transport, through 
marker beds, which are not discussed or introduced in this section. No 
references are included which cite where this information is presented. 

RESPONSE 

Flow Through Marker Beds is a long-term phenomena. Initially, any brine 
movement would be inward until pressure gradients are equalized (about 200 
years) then outward if sufficient driving force (gas) is generated. This is dealt with 
in more detail in Appendix E 1 and in Chapter I. 

***** 

• The permit application states that measured inflow of brine is minimal, but does 
not indicate whether this inflow rate is significantly impacted by mine ventilation, 
and what effect dissipation of this ventilation will have on brine inflow. Brine 
inflow rate relative to creep closure is also not discussed or referenced. 

RESPONSE 

New text has been added to explain repository ventilation airflow impact on brine 
accumulations in the WIPP underground. In addition, Chapter I includes a 
discussion of the brine flow mechanism postulated for the Salado. 

***** 

• In lines 29 - 41, the applicant assumes that the shaft seals will be emplaced 
perfectly, preventing any migration of brine from the repository to any water
bearing units via the shaft. However, the application does not provide any 
justification that this is indeed true, and only includes conceptual designs for the 
shaft seals. The application includes no discussion of groundwater modeling, gas 
generation and pressure buildup which would either support or negate the above 
conclusion. 

RESPONSE 

A reference to Appendix 12 has been added. These seal designs include multiple 
components to provide assurance that no brine flow up or down the shaft will 
occur. The permit application is for operations and the 30-year post-closure care 
period after final facility closure, during which time any net flow, if it were to occur, 
would be into the repository. 

***** 
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• The permit application states, on lines 1 and 2, page E-3, that there must be a 
driving force for constituents to migrate from the repository to water-bearing units. 
However, the subsequent paragraph does not discuss the effects of gas 
generation and subsequent pressure buildup with time, which could serve as a 
significant driving force. Additionally, discussion pertaining to contaminant 
transport models is lacking, which include some consideration for gas generation 
and fracture opening scenarios. 

RESPONSE 

Reference to Appendix E1-7b added; Appendix E1-7b also expanded with panel 
closure system description. Gas generation and geotechnical studies show that 
gas pressure build up within 30 years of repository closure will not create a major 
driving force during that time period. A reference to Appendix 11 has been added. 

***** 

• Lines 5 and 6 state that the Mescalero Caliche will prevent surface water from 
reaching groundwater, and visa versa. However, the permit application does not 
demonstrate that the Mescalero Caliche is a consistent unit through out the WIPP 
area, including suspected areas of recharge (see Comment No. 6, Appendix 06). 
Also, the lack of near surface water bearing features could mean the opposite of 
what is inferred in this section (e.g. karst terrain). Additionally, there is no 
discussion, within the application, regarding the "regional water table", nor is 
pertinent supporting information in associated appendices even referenced. 

RESPONSE 

The statement about the Mescalero Caliche as a protective barrier has been 
deleted. It is not needed to support the argument that infiltration is not currently 
occurring. Its significance is longer term. There have been many studies 
performed on the Mescalero Caliche and these are discussed in Appendix 06-1 c. 

* * * * * 

• Lines 9 - 12 mention several studies which demonstrate that recharge to the 
Rustler units is not occurring at or near the WIPP facility. However, references 
for these studies and synopses of the studies that resulted in these conclusions 
were not provided, nor were studies which reached the opposite conclusion 
mentioned. 

RESPONSE 

References to reports by Bachman and Hunter have been added in Appendix E1. 
Appendix 06 contains numerous additional references. Since the age of 
groundwater in the Rustler is of no consequence to the short time period of the 
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post-closure period, there is no need to engage an "argument" within the 
Appendix. The interpretations presented are reasonable and based on site 
specific observations. 

***** 

• Information presented in Appendix E1 and 06 include only scant discussion of 
vertical gradients, of which the text of the application relies heavily upon to 
demonstrate that natural fluid flow is ''toward" the repository. Additional detailed 
discussion of vertical gradients is required to support this blanket statement (See 
General Comment No. 3, Appendix 06). Further, the blanket statement that there 
is "no potential for migration of liquid from the underground hazardous waste 
management units" (lines 29-31) conflicts with the previous statement on page E-
2, lines 9-10 that "the migration of hazardous waste or hazardous constituents 
from the WIPP facility ... through groundwater is unlikely". 

RESPONSE 

Repository openings are at atmospheric pressure. All surrounding water-bearing 
strata have hydraulic head pressures of at least their elevation above sea level 
plus the component of confined hydraulic pressure. Text has been revised to 
make this more clear. "No potential" changed to "very little potential," as 
requested. 

***** 

The statement, in lines 20-22, that no migration pathways or hydraulic gradients 
exist during the disposal phase is unsubstantiated. Refer to the bulleted 
comment, above. Additionally, the request for th3 exemption (lines 32-24) does 
not include the requisite demonstration, in 20 NMAC 4.1, §264.90(a)(4) (Refer to 
Specific Comment No. 3, above). 

RESPONSE 

Additional text and a reference to the EPA's 1990 study has been added to 
substantiate the contention that hydrologic gradient is toward the repository. 
Appendix 06 was also modified to include more detail. The demonstration is 
clear; how can fluid migrate to overlying water-bearing units if there is no fluid in 
the repository to migrate and there is no hydraulic gradient to drive the fluid to 
other units? These facts are also evident in that· the shafts are all lined to 
eliminate fluid flow from the Rustler into the repository. 

***** 

• The permit application must include a synopsis of existing groundwater quality 
information that could serve as "background" information. Alternatively, reference 
where, in the Appendices, this information is included. 
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RESPONSE 

Groundwater quality data are included in Appendix 04, as referenced in the 
application on Page E-4, Section E-1 C. 

***** 

5. Chapter E, Sections E-6, General Monitoring Program Requirements, and Section 
E-7, Detection Monitoring Program, Page E-7. 

As presented in General Comment No. 1, above, the permit application does not 
adequately discuss whether the performance standards for Subpart X units have been 
met, nor does it demonstrate that the specific waiver requirements of §264.90(a)(4) have 
been met. Revise the permit application to include a detection monitoring program. 
Alternatively, revise the permit application to sufficiently demonstrate that environmental 
performance standards of 20 NMAC 4.1, Subpart V, §264.601 have been met. 

RESPONSE 

Appendix E 1 provides detail on the hydrologic, geologic, and engineering characteristics 
of the WIPP to demonstrate that during operations and post-closure care period (30 
years), WIPP meets the performance standards for Subpart X units, and the requirements 
of §264.90(a)(4). A detection monitoring program is not required to protect human health 
or the environment and is not meaningful given the nature of the repository. However, 
additional references and new text have been added to clarify these characteristics. 

***** 
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APPENDIX E1 

GENERAL COMMENTS 

1. The permit application provides generalized site characterization information in support 
of the applicant's groundwater monitoring variance request. However, this information 
must be presented to demonstrate compliance with performance standards (see General 
comment No.1, Chapter E ), and must also, in the appropriate location, differentiate 
between operational/closure, and post-closure demonstrations, as per 20 NMAC Subpart 
4.1, §264.601 and 603, respectively. Revise the permit application to address these 
concerns, in the manner described in General Comment No. 1, Chapter E. 

RESPONSE 

The text has been clarified to indicate site characterization information was evaluated with 
respect to the performance standards listed in 20 NMAC 4.1 §264.601. The text has 
been revised to better distinguish between operational phase and the post-closure care 
period. 

***** 

2. The permit application includes information relative to groundwater in Sections E, 
Appendix E, and Appendix 06. However, information presented within these sections is 
sometimes inconsistent, too generally referenced, or contains confusing references (e.g., 
references to "Chapters" 5.0, 6.0 and 7.0, in Appendix E1, Section E1-2, Page E1-3, 
when this appendix includes no such specific chapters). Revise the permit application 
to ensure consistency and clarity. Additionally, provision of "arguments" and supporting 
information in two separate appendices is confusing, as this requires continual cross 
referencing to ensure that the "fact" presented in one is indeed supported by data within 
the other. Revise the permit application to combine Appendices E1 and 06 so that one 
appendix is created that presents both the arguments and supporting data. 

RESPONSE 

Reference to "Chapters 5, 6, 7" changed to "Chapters E-5, E-6, and E-7 of this 
Appendix." If the permit application is revised in the future, consideration may be given 
to combining some appendices. However, at the present time, Appendices E1 and 06 
will remain separate. 

***** 

3. This appendix does not sufficiently reference where in the permit application supporting 
information regarding conclusions and assertions are provided. For example, on Page 
E-4, the permit application discusses the facility location relative to population centers, 
land use, water quality, hydraulic interconnection, and water supply wells, without 
indicating specifically where, in the permit application, supporting information is 
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presented. Revise the permit application to include this information or specifically 
reference where, in the permit application, this information is included. Alternatively, refer 
to General Comment No. 2, above. 

RESPONSE 

References to other supporting chapters in Appendix E 1 and to Appendix 06 have been 
added for clarity and to assist the reader. 

***** 

• 
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APPENDIX E1 

SPECIFIC COMMENTS 

1. Appendix E, Section E-1, Introduction, Page E-1, Lines 21-26. 

The permit application states that groundwater monitoring in accordance with 20 NMAC 
Subpart V, §264.90 - 264.101 applies only if said monitoring is necessary to demonstrate 
compliance with Subpart X performance standards. However, the 1987 preamble to 
Subpart X regulations clearly indicates that groundwater monitoring needs for Subpart X 
units are to be flexible, and does not mandate that any monitoring strictly adhere to 
§264.90-101 requirements. The applicant may wish to consider this when addressing 
comments pertaining to groundwater monitoring, Chapter E, and Appendices E and D6. 

RESPONSE 

The DOE has considered the need for a flexible approach regarding groundwater 
monitoring and has applied this approach to Chapter E and Appendix E 1. 

***** 

2. Appendix E, Section E-1, Introduction, Page E-1, Lines 36-38. 

The permit application states that Appendix E is included to demonstrate compliance with 
20 NMAC 4.1 Subpart V, §264.601 (a) and §264.602. However, the information presented 
here does not focus on the operational period. Revise this statement in the permit 
application to indicate that this information is (more) pertinent to the post-closure period. 
Refer to General Comment No. 1, Appendix E-1, above. 

RESPONSE 

Appendix E1 addresses performance during the Disposal Phase and post-closure care 
periods. It is not clear that any change is needed because these periods overlap. 

* * * * * 

3. Appendix E, Section E-1, Introduction, Page E-2, Lines 1-21. 

Revise this section of the permit application to clarify, specifically, the formation/unit that 
the applicant believes to be the uppermost aquifer. 20 NMAC Section 4.1, Subpart F 
specifies that the uppermost aquifer be monitored. This is assuming, however, that the 
HWMU(s) to be monitored is at land surface, and the uppermost aquifer is the first 
contaminant transport pathway that releases from the unit could encounter. In the case 
of WIPP, the uppermost unit of concern may not be the same as that if WIPP were at 
land surface. Revise the permit application to specify the aquifer in consideration, and 
to justify, as necessary, this designation. Also, this evaluation should include, initially, all 
of the performance standards presented in 20 NMAC, Section 4.1, §264.601 (a) and (b) 
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in a preliminary fashion; if this appendix is intended to provide more detailed information 
regarding specific performance standards, it should so specify. Revise the permit 
application accordingly. 

RESPONSE 

Because the repository is in the center of an "impermeable" medium, it is not clear what 
the point of focusing on a single aquifer is. It is the extremely low permeability of the 
Salado that obviates the need for groundwater monitoring. No natural pathways exist. 
Manmade pathways (shafts) are being closed with seals that far exceed anything 
required by regulatory agencies for protecting groundwaters. Discussion of other units, 
particularly for the short term is meaningless. However, reference to the aquifer ot 
interest "Culebra" is discussed in detail in the next section of this Appendix (E1-2). The 
environmental performance standards are detailed in Section 0-9b(2). 

***** 

4. Appendix E, Section E-2, Groundwater Protection Summary, Page E-3, Lines 8-19. 

The permit application states that information presented in Appendix 06 includes 
information obtained up to 1987, yet this appendix includes some - but not all -
information acquired after this date. Revise Appendix 06 of the permit application to 
include more recent information. Also refer to General Comment 3, Chapter 0, for 
statements in lines 15-17 regarding the adequacy of information presented in Chapter 0. 

RESPONSE 

The site characterization and validation phase was considered complete in 1987. The 
phrase site characterization and validation is classically associated with documents listed 
in this paragraph. Numerous studies have been conducted since 1987, however, they 
are not lumped with this phase of the project. Additional information has been acquired, 
since 1987 however, the design of repository has not been altered as a result of 
additional information. Appendix 06 contains reference and citations to numerous 
supporting reports. Reports were chosen based on the clear and concise manner and 
direct reference to permit application requirements. The "Select Bibliography with 
abstracts of Reports related to Waste Isolation Pilot Project Geotechnical Studies (1972-
1990)", SAN092-7277, provides a concise reference to these studies and is too 
voluminous to include in this application. 

The text was slightly modified to clarify the reference to the dates "1983 to 1987." 

***** 

5. Appendix E, Section E-2, Groundwater Protection Summary, Page E-3, Lines 20-25. 

The permit application states that "groundwater will not come in contact with the waste" 
and ''there is no potential for any (emphasis added) possible contaminated groundwater 
to migrate from the disposal horizon to the accessible environment due to ... natural 
hydraulic gradients." These statements are not necessarily true for the following reasons: 
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• The permit application does not sufficiently demonstrate or discuss the 
containment capacity of seals (see Specific Comment No. 4, Chapter E). 

RESPONSE 

This section indirectly discusses the containment capacity of seals which were 
evaluated as part of the site characterization studies from 1983 - 1987. Appendix 
11 discusses the multi component panel-closure system and the potential 
scenarios associated with closure of the waste emplacement panels. Gas 
generation rates due to brine inflow were considered, however, there was 
insufficient brine to generate a significant volume of gas. Brine inflow rates are 
discussed in Appendix 11 and Appendix 06. However, keep in mind that for the 
first 200 years, gradients will be inward to the repository. 

The following sentence was added to direct the reader to the section of the permit 
that discusses the facility seals: "Appendix 11 and 12 describe the containment 
capacity of the panel-closure system and repository sealing system in further 
detail." 

***** 

• The permit application does not adequately discuss the potential for brine inflow 
and the total impact of said brine on containment capacity of the facility, 
particularly during the post-closure (post room closure) period (see Specific 
Comment No.4, Chapter E). 

RESPONSE 

A description of the calculations being performed for the Disposal Phase No
Migration Variance Petition has been added to this paragraph. 

***** 

• The permit application does not adequately discuss hydraulic gradients (See 
General Comment No 3, Appendix 06). 

RESPONSE 

As stated above, the nearly impermeable Salado formation makes the discussion 
of natural hydraulic gradients meaningless. This notwithstanding, these gradients 
will be dominated, in the near field, by the excavation. Text has been added to 
clarify this. 

***** 
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6. Appendix E-2, Section E-2, Groundwater Protection Summary, Page E-3, Lines 27-
32. 

The permit application implies that distance from land surface impacts the determination 
of the most likely contaminant transport pathway. However, the most likely contaminant 
transport pathway is a result of stratigraphic position of the facility, rather than depth. 
Revise the permit application to address this. 

RESPONSE 

A statement was added indicating that the ''facility is isolated and constructed in very low 
permeability evaporite sediments." 

***** 

7. Appendix E-2, Section E-2, Groundwater Protection Summary, Pages E-3 - E-4, 
Lines 40, and Lines 1-5, respectively. 

The permit application states that shaft design will mitigate inflow of water from overlying 
units, but does not reference where, in the application, the supporting information relative 
to this assertion is included. Also, the permit application indicates that shaft seals will 
mitigate fluid movement, but does not provide (or reference) specific information 
pertaining to seal design (e.g., permeability) to support this assertion. Revise the permit 
application to include this information, or specifically reference where it is included. 

RESPONSE 

The design of the shaft was considered in the site characterization and validation studies 
conducted during 1978 through 1987. See 1st paragraph under Section E 1-2. Appendix 
12 further discusses the design of the shaft seals to mitigate the inflow of brine from 
overlying water bearing units. 

* * * * * 

8. Appendix E, Section E-2, Groundwater Protection Summary, Page E-4, Lines 29 -
40. 

The permit application states that there is no transport medium, pathway, or driving force 
to move contaminants from the repository. However, the permit application does not 
differentiate between the operational and post-closure periods relative to application of 
performance standards, nor does it include or reference any discussion of seal design, 
brine inflow, and gas generation, all of which could seriously impact containment capacity 
of the WIPP. Further, statements regarding pathway feasibility, gradients, etc. are 
unsubstantiated and unreferenced. Revise the permit application to address these 
concerns. 
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RESPONSE 

This Appendix summarizes a large volume of geologic and hydrologic data. References · ,.. 
have been added directing the reader to Appendices 06, 04, and Chapters 0 and I. 
These appendices, and other sections, were also revised, as necessary, to strengthen 
the discussions of related data. 

***** 

9. Appendix E, Section E-3, Geographical Setting and Land Use, Page E-5, 
Line 9. 

The permit application indicates that Appendix 06 includes more detailed information 
regarding geographical setting, but comparable information is not included in Appendix 
06. Revise the permit application to include this information, or to reference where, in 
the permit application, this information is presented. 

RESPONSE 

As referenced, Appendix 06-1d does provide considerably more detail on local and 
regional land features. 

***** 

10. Appendix E, Section E-3, Geographical Setting and Land Use, Section E-3a, 
Geographical Setting, Page E-5, Lines 32-34. 

Revise the permit application to include the origin of dissolution associated with the San 
Simon Sink, or to reference where, in the permit application, this information is presented. 
Additionally, this section should be revised to reference specific figures that present the 
features discussed in this section of Appendix E. 

RESPONSE 

See explanation on page E1-5, Lines 35-38. See Figure E1-7, the San Simon Swale is 
located middle right of figure. 

The reference to Figure E1-2, line 29, is correct; all features are shown in E1-2. 

The origin of dissolution associated with San Simon sink is discussed in appropriate 
detail for this application in lines 35-38 on this same page. The swale is located nearly 
20 miles from WIPP and has little relationship to the WIPP site. 

***** 
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11. Appendix E, Section E-3, Geographical Setting and Land Use, Section E-3b, Land 
Use, Page E-6, Lines 10-32. 

Revise the permit application to reference figures that present the features discussed in 
this subsection. Alternatively, revise the permit application to provide these figures, if not 
already included. 

RESPONSE 

Additional features added to Figure E1-2 as requested. 

***** 

12. Appendix E, Section E-4, Geology, Pages E-6 - E-10. 

Because this section relies heavily upon Appendix 06 for supporting information, 
Appendix 06 was reviewed relative to information included in this section to avoid 
duplication of comments. Revise this section of Appendix E to reflect commentary on 
Appendix 06, as applicable. 

RESPONSE 

Both Appendices E1 and 06 have been revised to reflect review comments. Please see 
responses to Appendix 06 comments. 

***** 

13. Appendix E, Section E-5, Climatology and Water Balance, Section E-56, Local Water 
Balance, Pages E-10 - E-11. 

The permit application includes discussions pertaining to a regional water balance study 
and a "recent hydrogeologic study," but more detailed information regarding these studies 
is required to substantiate conclusions presented in this section, including conclusions 
presented in lines 20-22, page E-11. Revise the permit application to include this 
information. 

RESPONSE 

Both the Regional Water Balance Study and the hydrogeologic investigation conducted 
isotopic studies on the geologic formations in the vicinity of WIPP. The isotopic content 
of surface waters are distinctly different from isotopic content of water within the 
formations overlying WIPP. If the surface waters have the same isotopic content of the 
fluids within the formation, this could be strong evidence for surface infiltration. Not only 
are the isotopic content of surface waters different from formation fluids, but the isotopic 
content of eacth formation is distinct from the surface water and each other. 

***** 
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14. Appendix E, Section E-5, Climatology and Water Balance, Section E-56, Local Water 
Balance, Page E-11, Lines 23-27. 

Revise the permit application to include a more detailed discussion regarding conclusions 
drawn in these lines regarding infiltration/recharge and contaminant migration. These 
statements are vague and unsubstantiated as presented in the permit application. 

RESPONSE 

The information included in the paragraphs above lines 23 through 27, provide a 
summary discussion and support for the statements relative to infiltration/recharge and 
contaminant migration. Reference to Appendix 06-2c added to direct..the reader to 
additional information. 

***** 

15. Appendix E, Section E-6, Site Hydrology and Water Quality, Pages E-11, Lines 30-
37. 

The permit application does not adequately reference figures presenting discussed 
features, nor does it adequately reference where, in Appendix 06, supporting information 
is included. Revise Appendix E to address these concerns. 

RESPONSE 

Reference to Figure E1-2 added. Changes to text made adding reference to specific 
Section (06-2b) of Appendix 0. 

***** 

16. Appendix E, Section E-6, Site Hydrology and Water Quality, Section E-6b, 
Subsurface Hydrology, Page E-12, Lines 10 and 11. 

In these lines, the permit application states that brine and gas occurrences are 
"described," but does not indicate where. Revise the permit application to adequately 
reference the descriptions of brine and gas occurrences. 

RESPONSE 

The phrase "in the following Sections" was added to the end of paragraph. 

***** 

17. Appendix E, Section E-6, Site Hydrology and Water Quality, Section E-6b, 
Subsurface Hydrology. 

Because this section relies heavily upon Appendix 06 for supporting information, refer 
to comments on 06 regarding deficiencies in this section, and revise the permit 
application accordingly. 
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RESPONSE 

Appendix 06 comments are dealt with in Chapter D. No changes required here. 

***** 

18. Appendix E, Section E-6, Site Hydrology and Water Quality, Section E-6b, 
Subsurface Hydrology, Section E-6b(2), Hydrology of the Salado Formation, Pages 
E-13 - E-14. 

Revise the permit application to address the following: 

• It is not clear that the specific conclusions drawn in this section are supported by 
specific information presented in Appendix 06. Further, information presented in 
Appendix 06 is not substantiated, nor is a concise and balanced discussion of 
brine inflow information presented in this section or Appendix 06. 

RESPONSE 

The information presented in this section appropriately summarizes brine inflow 
information for WIPP. Page 06-44 cites Deal et al 1991 and the summary and 
conclusion of Brine Sampling and Evaluation Program. BSEP was a ten year 
study of brine inflow at the repository horizon. This ten year study concluded that 
brine inflow at the repository horizon: 1) ceases within one to three years after 
excavation, 2) the majority of the brine is evaporated by the mine ventilation 
system, and 3) a significant portion of brine at the repository horizon is the result 
of spreading water for dust control during construction, a practice that was 
abandoned several years ago. The text was modified to include these 
conclusions from the BSEP. Brine inflow is also discussed in Chapter I and 
Appendix 11. 

* * * * * 

• The discussion pertaining to marker beds in the Salado is incomplete, as it does 
not consider gas generation effects on these marker beds, particularly during the 
post closure period. 

RESPONSE 

There are no gas generation effects on Marker Bed 139 during the post-closure 
period. This "effect" will not occur for thousands of years, if at all. 

***** 

• The blanket statement, on page E-14, lines 1 and 2 that "migration to overlying 
or underlying water-bearing units will not occur'', is unsubstantiated, as the permit 
application does not discuss the specific cumulative impact that gas generation, 
room closure, brine inflow, and seal design will have on containment capabilities 
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of the facility. Revise the permit application to present this information. Include 
any modeling that simulates these events during the post-closure period. 

RESPONSE 

Further discussion can be found in Chapter I regarding the cumulative impact of 
gas generation, room closure, brine inflow, and seal design on containment 
capabilities of the facility. FLAC modeling in Appendix 11 predicts stability of the 
excavation during the post-closure care period. 

***** 

19. Appendix E, Section E-6, Site Hydrology and Water Quality, Section E-6b, 
Subsurface Hydrology, Section E-6b(2), Hydrology of the Salado Formation, Page 
E-14, Lines 6 - 31. 

Information and conclusions presented in this section are not fully substantiated by 
Appendix 06. Specifically, discussion pertaining to brine inflow relative to ventilation, 
brine origin, age, composition, are incomplete. Revise the permit application to address 
these concerns. 

RESPONSE 

Both the text in E1-6b(2) and the supporting information in Appendix 06 are intended to 
highlight and summarize the important facts and conclusions resulting from many years 
of very detailed studies of brine inflow. Appendix 06 included numerous references to 
the reports for the studies. Pertinent data are summarized in Chapter I. 

***** 

20. Appendix E, Section E-7, WIPP Facility Design, Section E-7a, Shaft Designs, Page 
E-18, Lines 12 - 42. 

Revise the permit application to include figures presenting the shaft design features which 
are intended to inhibit groundwater flow into the shafts from overlying water-bearing units. 
Include the design life of the seals, any malfunctions of the seals noted to date, and 
estimated groundwater inflow to the seal collection devices. Alternatively, reference 
where in the permit application this information is included. 

RESPONSE 

The specified information on shaft design is presented in detail in the WIPP Site 
Characterization and Validation Studies from 1983 to 1987. These design parameters 
have not changed. The detailed, specific information is provided in that report. 
References to that report and to Chapter 0-10a(2)(e) have been added to the text for 
clarification. It should be noted that even before shaft liners were installed and formation 
grouting performed, groundwater inflow rates were not significant and were easily 
handled by the sumps installed in the underground. Lining and grouting the shafts have 
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reduced inflow to negligible rates. If increased rates are noted during weekly shaft 
inspection, the conditions will be monitored. If need be, leaking conditions can be 
remediated through additional grouting. 

A reference to Chapter D-9a(3)(e) has also.been added. 

***** 

21. Appendix E, Section E-7, WIPP Facility Design, Section E-7b, Repository Seals, 
Pages E-18 - E-19. 

The permit application does not include, or reference, sufficiently detailed seal design 
information to ensure brine containment. The application admits brine inflow will occur, 
but fails to demonstrate how shaft seals will ensure containment when taken in concert 
with brine inflow, gas generation, and room/panel closure situations. Revise the permit 
application to include this information, including any modeling done relative to this; 
ensure that sufficient model documentation is included or referenced with the application 
to allow for substantive review of this information. 

RESPONSE 

Small-scale seal tests were performed during the site characterization and design 
validation phase, 1983 - 1987. These studies evaluated suitable materials, interaction 
of these materials with the rock/barrier interface, and sealing configuration for boreholes, 
shafts, and drifts. These studies evaluated the interaction of brine with these parameters 
as well. Appendix 11 discusses the panel-closure system and its ability for containment 
with respect to brine inflow and gas generation. Appendix 12 discusses the repository 
sealing system and its ability for containment with respect to groundwater inflow and 
brine outflow, and impacts associated with gas generat1:m. 

***** 

22. Appendix E-8, Waste Containment, Page E-19, Lines 15 - 31. 

The permit application indicates that waste containers "isolate the waste during waste 
emplacement operations and remain effective until after panel closure and sealing." 
However, the permit application includes no information to support this assertion, as well 
as any claims relative to panel/salt creep closure vs. drum effectiveness. The shaft seal 
statement (lines 21and22) is unsubstantiated (see Comment No. E-20, above). Further, 
the issues of gas generation and waste loading relative to hydrogen/methane and voes 
is not sufficiently addressed in the application, and the potential occurrence of 
incompatible waste requires additional clarification (refer to comments pertaining to 
appendix C1 ). 

RESPONSE 

Waste containers (Drums, SWBs, canisters, and overpacks) isolate waste from workers 
and the environment during waste emplacement. Salt creep closure will be minor during 
the period of emplacement of waste containers and poses no danger to rupturing 

21 



containers. This was determined during design validation as reported in Appendix 01 . 
Waste panels will be closed shortly after filling with waste, again creep closure will not 
have had time to close to the point of damaging waste containers, just as the summary 
statement in E1-8 describes. Reference to Appendix 11 added. 

***** 

23. Appendix E-9, Summary and Conclusions, Pages E-19 - E-20. 

The permit application does not conclusively demonstrate the containment capability of 
WIPP relative to groundwater, particularly during the post closure period. In light of the 
above comments, revise section E-9 of Appendix E accordingly. 

RESPONSE 

The text in Appendix E1 has been revised by adding numerous references to supporting 
documents and to other Appendices in the Application. The referenced information 
supports the statements made in Appendix E 1-9. Appendix E 1 was written to summarize 
a large volume of detailed information developed for the WIPP. Appendix E1 is written 
in a manner which clearly presents important facts that support the contention that 
groundwater monitoring during operations and post-closure care periods is unwarranted. 

***** 
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CHAPTER E 
GROUNDWATER MONITORING 

E-1 Compliance with Groundwater Protection Requirements 

2 

3 

The Waste Isolation Pilot Plant (WIPP) Project is a geologic repository. The facility horizon is 4 

located 2, 150 feet {ft) (655.3 meters [m]) below the land surface in the bedded salt of the Salado 5 

Formation (hereinafter referred to as the Salado). At the WIPP, water-bearing units occur both 6 

above and below the facility horizon. Groundwater monitoring of the uppermost aquifer below 1 

the facility is not proposed at the WIPP because that water-bearing unit (li\\':'\fl'=!\\'\81.ti.Y!ft 8 

iit111iCs.~::ii;,i;,~~~:~,;::::!~i~:;,;,,:1<iiiii,ti:~iimi~i:;~1m:~~it,il;~i::ll':llilli 1~ 
n9nl9n:::=;¥,::i!ir:=11:11::1::1~1~1:]n1:::1::111]a:=:e!rmUP:U!t1:::1Y:11111:::g~~1~1~=:=(1tB:ne!9~~:::5:1 11 

1.n~:::Prm::::::1!::m11nmt•1::na1::p,110J11t.1.11J.1111tmr::1mm!rni.mt:=~t11119rf!::~9:::@9.g!tf:r§J?~191 12 

t11~:,::1e9:!111:r:1eP.iln~:::::::1!:::::tnirirn:::1::::::ra9::::::nrsri11.1::::::;21mimg,21:::::::p,11ea:::::m~:=::=::a:~1:1::mi 13 

~§?!~t,9 ·:ft91:::::µ99@r1¥09.:rn~1•i1~1·:49iqt::::1.M:@mmmi::::=:~21a1ma1itr::::::11¥1~::::::2~::::re11; 16 

Furthermore, drilling boreholes f P:til.tl9t!!Wl~~tWfll~lr1=t=!~iUthrough the Salado and the Castile 11 

Formation (hereinafter referred to as the Castile) into that aquifer would act to compromise the 18 

isolation properties of the repository medium. 19 

Groundwater monitoring at the WIPP in the past has focused on the Culebra member of the 20 

Rustler Formation (hereinafter referred to as the Rustler), as it represents the most significant 21 

and likely hydrologic contaminant migration pathway to the accessible environment. The Culebra 22 

is the nearest §!90.fili!m!water-bearing unit lying above the repository. No cr:edible pathway has 23 

been established fer contaminant transport to aquifers below the r:epository horizon, as ther:e is 24 

no hydrologic communication between the two. The facility horizon is isolated from underlying 25 

'Nater bearing units by e~r:emely low permeability layers of rock. 26 

The information presented in Appendix E 1 demonstrates that groundwater monitoring at the 21 

WIPP in accordance with Title 20 of the New Mexico Administrative Code, Chapter 4, Part 1 (20 28 

NMAC 4.1 ), Subpart V, §264.90, is not required to ensure protection of human health and the 29 

environment and that migration of contaminants from the repository via the groundwater pathway 30 

9Ynns:::•:;g!§p9!~faln@g::::im:! :=p,g~\1§1~9~ ~r~ Pit!~ is unlikely. Merntt9tlmi::;r9r::::p@!Ji!!!~t 31 

P9'ntim~n1b,IH!InP:t::f1,o.lij,e!J.:::!Mn!~~~~-ey; ~:lt!vm:::!m1:!:=:1.m::~1:1•::mi1m1n:::Pt::mtmm11,n1nt§::m 32 

1i:•::i?ii~i~1::l~nlmnmin~:::~!'':sn::11:=:=i1imr.•:P:~•·~1:ue1:·:~ns!\l11.n911u.11=:•::::•iri::1r1.ir]e:::Bm~1:::tn! 33 

&•rn1:•:1ga~1~:•::::11:::"1:::a1111~•:•~11:::mm1::11!"::1!m1n11:1~1:::~11t::9m11t1199:::!1::11a1!!:::r1mi::•~11 36 

!!Jim!::r,91m:1~1m::¥1mt::::mr1::P1~1111::11~==p,~::19p,mittt~:::1::!P:m1:::1:1gf:m::~"•:::1;11::2111::'m:19u1 37 
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!<iliH:::Monitoring of CYleer:a gr:eYnEh .... ater qYality has eeen ~erforrnee to eevelo~ a easeline 
for Yse in som~aring availaele fytyre eata. The U.S. Oe~ar:tment of Energy (OGE) eelie·o<es it 

WOYle ee eenefisial to sontinye the ~r:egr:am. m@:]ll§il]t!l!ii!li:::::m@~I:~m!liM@w::::::M@!i!! 
§mitiii1tt::::::mim!lmimt::::::tNlillJ:::::.u.s. Environmental Pr:etestion Agensy (EPA) Region e 
Aeministr:ator§B:!ll: find that there is no potential for migration of liquid from the repository 
to the uppermost mt:::aM-other aquifers during the active life of the facility, including the post-

itiiii1~ii:1.iiliit.n~:i~i~~-t-l;"tin::g1i:iiDf:.'1~~:::efil.itlil~itli11111 
~o,:Jinat!irrri::ttia!!ni:::1t:112911::1.Y!1m:::91uaeii*:im11::11s:::a111u1::1:1911:::91:::e1rn11m1! 
t11@2nliii:Immn11~g1::::n111:t11111::::m1111tm::::1r11m11::::11:1::::111:1a::11:::11:::19~:::::::mn1n1m1 
s111:::rmu1111m:::nn~1m111m:::~11112rnm1tt1~1s.@a1m!!ft::11M1s:::§~:::m11Jnmm]: 

E-1a Waste Piles 

The WIPP facility includes no waste piles regulated under New Mexico Hazardous Waste 
Management Regulations, 20 NMAC 4.1, Subpart V, Subpart L, in which hazardous waste, as 
defined in 20 NMAC 4.1, Subpart I, §260.10, is treated or stored. This section does not apply 
to the WIPP facility. 

E-1 b Landfill 

The WIPP facility includes no landfills regulated under 20 NMAC 4.1, Subpart V, Subpart N, that 
manage hazardous waste as defined in 20 NMAC 4.1, Subpart I, §260.10. This section does 
not apply to the WIPP facility . 

E-1c No Migration 

28 It is the position of the DOE that the migration of hazardous waste or hazardous constituents 
29 from the WIPP facility/repository to the environment ftjf:ipg\ij,Jjti.@:jj@m@g§l,jjff~@§jjj@IJ.i!PPiltG!llf!i 
30 §~f:!.P!@gqthrough groundwater is unlikely. For hazardous waste or hazardous constituents to 
31 migrate to groundwater-bearing units, there must first be a transport medium. The underground 
32 hazardous waste management units at the WIPP facility are located 2, 150 ft (655.3 m) below the 
33 land surface in the Salado, a bedded-salt formation. The repository is isolated from the 
34 underlying water-bearing formations by about 2,000 ft (609.6 m) of very low-permeability 
35 sediments and evaporites that comprise the Salado and the Castile. It is separated from the 
36 overlying Culebra of the Rustler by about 1,400 ft (426.7 m) of evaporites and other sedimentary 
37 rocks. The Culebra is the most likely pathway to transport contaminated groundwater to the 

38 assessieleJ.§91.~!!!!J]rfll environment w~!ti!i!l!m!ll!.IR!§!f@Jj)lf.ii!ll~lj'or to surface water. 
39 The bedded-salt formation acts as an extremely low-permeability regional barrier isolating the 
40 repository from water-bearing units §§\§::above and below i!l::mmlliilllllilBi!l!l!i!l!ill!iti 
41 s!!oo11~::::t2111::::11:::11:::1sam11:::1nvtmam11t.::::'•nm11::::1111t1ni:::::::1Bmliaie:::tiiBiiit.:::!n! 
42 t:121!i1:=:neem:::ni1:::11a;::11uinm1111::1111::111m1t:~9im1:::1!!11111111111::11111i~::~11t111i8: 
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Mm11n.11:::111::19;::nm111:::!1J::t11::1~m-=1:::1mr§!H!W::m!W1v1r;a11-:::r9r::P:nn1:::@n\t::9~! 
m!m1111:::~n:::~ni:::@1~1101:::111!J::~1:::1ff!11::=~1:::@r1!!::1.~1111:::p@!!w:::1111:::g91f:::m~:::11mBP9n*:::@n9 
rt111H1I~~M:n1::::mn1Imet1:;1tmnieisr::::1;1:1:;:~1'f:s::::m::::g~g::::1l::;:a19~'::'m::::@P:s!:::::2J::::@!evi?.en~ 
tlP:B~ll§:~illll~: 

n::::2@11.;g:::mnD.!m::::§1.1:::1::::v11:::!§1:::1P:rt1liM:P:r::in1:::111r:::91:::~.lie::19::::~:*?:::1~•m.*::::::runl§H?em!ttY 
@ii,fl@i!::::tg::::!@\!iiE.fil!!i\IJ.1\:):§,pg@:\j\iWithin the Salado, inflows of brine occur as "weeps" on 
exposed surfaces and as accumulations in some of the boreholes drilled outward from the 
workings, most noticeably in those holes that were drilled downward. Most of the measured 
brine inflows in boreholes have averaged a few hundredths of a gallon (a few hundredths to a 
few tenths of a liter) per day. 1111:::n11.u11J.!:!:p9g;!§§l!W:@!ae:::1~,·@.!•!:::1n:::~11:::qf:i~(gf?gpg 
Hf:!9nlf:i:@gifil!illil#:f!l!l~::Uf,fi:p[jftl!!D;Rl!::t,l@Pi!~iii!i:\j!During the Disposal Phase, the moisture 
entering the facility from the host rock will evaporate and be removed in the air circulated by the 

mf,"~li¢;:~i1~ii;;1t~:r,1t~i~i111tilijlf ~illlllilllllCllll!lliiii,i~ 
1mm#::::11.m1119::'11m1::11::1t.1m1;1::1m1~~;:19;t,1,1:::e1::11nmnI:m~:m111~::11=m1n::~n1::!¥!es1~:1: 
1r1t1::':1111t.t,mfa:m11=::a1:::~nI~J!!lrm:1.r~nan;::11::::e~111111t=:::i§9a~ns.:=:11@t:::P:~r1~1m11Ya1 
y~f!!iJ!!J, 

Next, for hazardous waste or hazardous constituents to migrate from the repository to 
groundwater-bearing units, there must first be a pathway, such as a shaft:i)p~[:iijijiiiillfiTI~~P,J.~ 
~§!?SJ§ itll· All four shafts extending to the repository horizon have been designed and 
constructed to minimize the infiltration of water from the overlying water-bearing units into the 
repository during its operational life (l@P@n!iiI::fijf;(i):. Each shaft includes a shaft collar 
constructed of reinforced concrete that serves to retain adjacent unconsolidated sands and soils 
and prevent surface runoff from entering the shaft; a shaft liner and grouting that serves to inhibit 
water seepage into the shafts from water-bearing formations and to retain loose rock; and a shaft 
key that is designed to resist lateral pressure generated by salt creep. Each shaft key 
incorporates ~water-seal rings separated by an 11-ft (3.4-m) interval. Water-seal ring 
performance is monitored by inspection of the bottom of the keys for seepage. After waste 
emplacement, the shafts will be filled with permanent low-permeability seals and ph.1gs. The 
seals and pl1::1gs will be designed to prohibit migration of fluids from the repository to overlying 

water-bearing units (~i@:\Jlpp~qi*i !-?. f.Brd~J~il~ ~tjd !P~Pm~l.9!!!\l?f:il§!l\i\l.i!l!l 

Finally, there must be a driving force g[ fjydra\.fl!c 9@P~!!~i:'for hazardous waste or hazardous 
constituents to migrate to groundwater-bearing units. The infiltration and percolation rates into 
the sediments overlying the repository are considered to be less than 0.5 inches (in.) 
(1.3 centimeters [cm]) per year and may be essentially nonexistent because 96 percent of 
precipitation is lost to evapotranspiration. Another protecti'i.'e barrier to infiltration is the 
Mescalero caliche that exists several ft below the s1::1rface. Its existence indicates that not 
eno1::1gh infiltration has occ1::1rreEI to res1::1lt in its complete dissol1::1tion. The absence of a near
surface groundwater body or regional water table above the Rustler also indicates that infiltration 
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28 From these studies, it is concluded that infiltration of precipitation and recharge to either the 
29 repository horizon or the water-bearing units of the Rustler is not sufficient to cause ~lt~•r:=:~q~ 
30 accumulation·:Qf::Huia~:j~~'.!'.~b.!:::r.epostt()rY_'.:o.t the future migration of hazardous waste or hazardous 
31 constituents to the accessible environment during the operational and post-closure care periods 
32 for the repository. Engineered closures installed in the waste stor:age panels and seals aAd 
33 ~in the shafts ~t,f,!=JNill 13e designed to minimize potential migration of contaminants from the 
34 repository to water-bearing units during the post-closure care period f:~P!MP~l!:'l~'.). 
35 

36 

37 

38 

39 

40 

41 

42 
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1 Ri1~1r:2P:m1m~:,:1.n1J~111.m::sl!::1.1::11m!P:i¥i::!!!e11~1~;:::mmMr1:::1rn1!!ml::1P1::~m1m::~111 
2 r!ia~•::::§e1mn1!:::J11P11?1:1::::r111;::::::::m11a1e1:::1:::~r11ne~!!U!n;t:i!nlf11m~t:::§y:::li!ft:=:m111==::1m? 
3 ar2M~!a:;:::::::unI:a1111~:::::1t:1r::::1m1e1miI:fiia!:::::1r!rn!!!l::::1:::::i1~1,11rin!l:::w11~r::::mn1:::::11xm1=:·1~,::19 
4 e~n11mn]ti:l!n1:i1Y111l::9111itP111;=:i11!=::1:em::mn1W11:::m:::~:§iP:::~nit:~ni::19~1n~1@1:=m:n1.mrif: 
5 YllU~il]~Y9t9JIJ.Mi!:;:m111m1::::~9:::~1i1:=~rni:::~pilfiw:::~1:::J.9witlJ§fM~!Mi~11~::::µ;::a1):f:The DoE is 
6 submitting Appendix E1, RCRA Groundwater Protection Information, Waste Isolation Pilot Plant, 
7 to demonstrate that there is no potential for migration of liquid from the repository to the 
8 uppermost aquifer. Appendix E1 of this permit application summarizes the geological, 
9 hydrological, and climatological features of the WIPP site which, along with the nature of the 

10 WIPP Disposal Phase activities, determine the applicability of RCRA groundwater monitoring 
11 requirements. The protection information demonstrates that there is R9-:Yf:IIl!m!~J:jpotential for 
12 migration of liquid from the underground hazardous waste management units to the nearest 
13 aquifer. Therefore, it is the DOE's position that the requirements of 20 NMAC 4.1, Subpart V, 
14 §264.602, for monitoring, testing, inspections, etc., are not applicable because the stipulated 
15 conditions required for an exemption under 20 NMAC 4.1, Subpart V, §264.90(b) and 
15 §264.601 (a), are met. 
17 

18 DOE Order 5400.1, The General Environmental Protection Program, requires that all DOE 
19 facilities prepare a groundwater protection plan and report groundwater monitoring data annually 
20 to the Office of Operational Safety as part of a site environmental report. This plan is 
21 documented in the Waste Isolation Pilot Plant Groundwater Protection Management Plan:J~Qlp'(\ 
22 1~~~). The Site Environmental Report for 1993 is provided in Appendix D4. 
23 

24 E-2 Interim-Status Groundwater Monitoring Data 
25 

26 An interim-status groundwater monitoring waiver was prepared in accordance with 20 NMAC 4.1, 
21 Subpart VI, §265.990 and is located at the WIPP facility. As indicated in the monitoring waiver, 
28 no RCRA qpgJ!m~P:!n~=:groundwater monitoring data are currently being collected. Appendix E1 
29 contains similar information that demonstrates the very low potential for migration of hazardous 
30 waste or hazardous constituents from the WIPP site via groundwater. This section does not, 
31 therefore, apply to the WIPP facility. 
32 

33 E-3 General Hydrogeologic Information 
34 

35 The discussion of the general hydrogeologic characteristics in the vicinity of the WIPP facility is 
36 divided into five topics. Each topic is discussed in further detail in Appendix E1. 
37 

38 E-3a Topic 1-Climatology 
39 

40 The regional and local climate is semiarid with a mean annual rainfall of 12 in. (30.5 cm). 
41 Daytime summer temperatures consistently exceed 90°F (32.2°C}, and nighttime lows during 
42 winter average near 23°F (-5.0°C}. Prevailing winds are from the southeast. 
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1 Extensive climatic data are collected in the vicinity of and at the WIPP facility by 
2 the DOE. 
3 

4 E-3b Topic 2-Surface Hydrology and Water Balance 
5 

6 Surface water is generally absent in the immediate vicinity of the WIPP facility. The Laguna 
7 Grande de la Sal is a large brine pond about 10 miles (mi) (16.1 kilometers [km]) west-southwest 
8 of the facility. This lake is recharged by several intermittent springs and surface runoff. 
9 

10 The Pecos River is 12 mi (19 km) southwest and is the only continuously flowing river in the 
11 vicinity. Numerous water tanks have been built by ranchers to collect runoff into ponds for 
12 watering livestock. 
13 

14 Based on investigations by the Bureau of Land Management, nearly 96 percent of precipitation 
15 is lost to evapotranspiration. Less than 0.5 in. (1.3 cm) per year of precipitation infiltrates into 
15 the underlying sediments. The presence of the Mescalero caliche several feet under the surface 
11 is taken as evidence of low infiltration rates. A regional water-balance study indicates that 
18 recharge of Rustler water-bearing zones does not occur in the vicinity of the WIPP facility. Other 
19 data indicate that recharge probably has not occurred for 10,000 years. 
20 

21 Recharge to the Salado would require the infiltration and percolation of precipitation from the 
22 surface, through the overlying sediments, and through the salt into the repository horizon. This 
23 is not occurring at the WIPP facility, and consequently, it is concluded that waste will not come 
24 in contact with infiltrating surface water. 
25 

26 E-3c Topic 3-Castile Hydrology 
27 

28 The Castile is composed of three thick anhydrites separated by two thick halites. This formation 
29 acts as an aquitard, separating the Salado from the underlying water-bearing sandstones of the 
30 Bell Canyon Formation. In the halite zones, the occurrence of circulating groundwater is 
31 restricted, because halite at these depths does not readily maintain porosity, open fractures, or 
32 solution channels. Drill-stem tests conducted in the Castile show the permeability of the 
33 anhydrite and salt beds underlying the WIPP facility to be negligible. No regional groundwater-
34 flow system is present in the Castile, and the only significant water present in the formation 
35 occurs in isolated brine reservoirs in fractured anhydrite. These brine reservoirs are not 
36 increasing in volume or pressure, are unconnected with other aquifers and the surface, and have 
37 little potential to dissolve the host rocks or move through them. 
38 

39 E-3d Topic 4-Salado Hydrology 
40 

41 The Salado represents a regional aquiclude due to the hydraulic properties of the bedded halite 
42 that comprises most of the formation. In the halites, the presence of circulating groundwater is 
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1 restricted, because halite does not readily maintain primary porosity, solution channels, or open 
2 fractures. The results of the permeability testing within the underground facility are generally 
3 consistent with a permeability of the undisturbed salt mass that is approximately 0.001 to 
4 0.01 microdarcy, with pure halite showing lower permeabilities from impure halites and 
5 anhydrites. Such very low-permeability values indicate that any fluid flow within the competent 
6 salt is extremely slow and would result in an imperceptible rate of fluid movement in conventional 
1 hydrologic considerations. The only significant variation to these extremely low permeabilities 
a stated above occurs in the disturbed rock zone in the immediate vicinity of the underground 
9 excavation. Gas-flow permeability tests indicate a marked increase in the permeabilities within 

10 approximately 6 to 7 ft (1.8 to 2.1 m) of the underground excavation. This apparent increase in 
11 permeability is restricted to the disturbed rock zone immediately surrounding the excavation and 
12 is believed to be a result of near-field fracturing due to stress relief associated with excavation. 
13 

14 Marker Bed 139, an anhydrite unit that lies approximately thFeeg ft (0.9 m) below the 
15 underground facility floor, exhibits increased permeability due to fracturing in the disturbed rock 
16 zone. Geotechnical evaluations have. shown that Marker Bed 139 may be connected to the 
11 floors of excavated areas through fractures. However, pathways for brine .and gas migration in 
1a the floor and in Marker Bed 139 are limited to zones directly below the excavations. In the pillars 
19 and away from the excavation outside of the disturbed rock zone, the anhydrite bed will not 
20 exhibit open fractures due to compressive loading. Migration of fluid away from the excavation 
21 through Marker Bed 139 is not expected (Appendix E 1 ). Should a spillJ!99"9'::m:::~n~Fir;li~ti reach 
22 Marker Bed 139, migration to overlying or underlying water-bearing units will not occur. 
23 

24 E-3e Topic 5-Rustler Hydrology 
25 

2s The Culebra member of the Rustler, a dolomite unit, has been studied extensively during the 
21 site characterization program. Results for both single and multiwell hydrologic tests show that 
28 the Culebra is a fractured, heterogeneous system with varying local anisotropic characteristics. 
29 The flow path of water moving through the Culebra is affected by fractures and variable water 
30 densities caused by compositional variability. An interpretation of flow direction in the Culebra 
31 shows the most likely regional flow direction of groundwater in the Culebra to be predominately 
32 to the south. The average linear velocity between the WIPP facility and the southern boundary 
33 of the WIPP site is 1.77 x 10·3 ft (5 x 10-4 m) per day. 
34 

35 The Magenta member of the Rustler is generally much less permeable than the Culebra at and 
36 near the WIPP site. Transmissivities within the WIPP site boundary calculated from the results 
37 of hydrologic tests range from 1 x 10-2 to 3 x 10·1 square ft (9 x 10-4 to 3 x 10·2 square m) per 
38 day. The direction of groundwater flow at the WIPP site is west-southwestward toward the Nash 
39 Draw. The average linear velocity in the Magenta at the WIPP site is 3.18 x 1 o-s ft (1 x 1 o-s m) 
40 per day. 
41 

42 
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E-4 Topographic Map Requirements 

3 The WIPP site is located in the Pecos River Valley section of the Great Plains physiographic 
4 province in the north-central part of the Delaware Basin. The land surface in the region 
5 surrounding the WIPP site slopes gently to the west and southwest at approximately 45 ft per 
s mi (ft/mi) (8.5 m/km). The surface elevations range from 3,550 ft (1,082.0 m) above mean sea 
1 level (MSL) along the eastern border of the site to 3,300 ft (1,005.8 m) MSL in the west. Eolian 
8 sand, which occurs as partially stabilized or active sand dunes, covers much of the site. The 
s sand, of Holocene age, is very erratic in distribution and thickness. Appendix D6 of Chapter D 

10 provides more detail on the geographical setting of the WIPP site. 
11 

12 Livingston Ridge, located about 4 mile& (6.4 km) northwest of the WIPP facility, is the most 
13 prominent physiographic feature in the area. This northeast-trending escarpment is about 
14 12 mile& (19.3 km) long and 75 ft (22.9 m) high and marks the eastern edge of Nash Draw. 
15 Nash Draw is northwest of Livingston Ridge and is a shallow northeast-trending depression 
1s 3 mile& to 9 mile& (4.8 to 14.5 km) wide. It is the nearest drainage course to the west of the 
11 WIPP facility. Elevations within the Nash Draw range from 3,300 ft (1,005.8 m) MSL at its head 
18 in the northeast to 2,945 ft (897.6 m) MSL at Salt Lake near the Pecos River and are generally 
1s 200 ft to 300 ft (61.0 to 91.4 m) lower than the surrounding terrain. 
20 

21 East of the WI PP facility, the nearest major drainage course is the San Simon Swale. The swale 
22 is a southeast-trending depression about 25 mile& (40.2 km) long and from 2 to 6 mile& (3.2 to 
23 9.7 km) wide that overlies the southern extent of the Capitan Reef. Elevations within the 

. 24 depression range from 3,650ft(1,112.5 m) MSL in the northwest to 3,270 ft (996.7 m) MSL in 
25 the collapse feature called the San Simon Sink at the southeastern end of the swale, about 
26 18 mile& (29.0 km) east of the WIPP facility. Between the San Simon Swale and the WIPP 
21 facility is a broad, low mesa named "the Divide." About 7 mile& (11.3 km) east of the WIPP 
28 facility, the Divide rises about 100 ft (30.5 m) above the surrounding terrain and has an elevation 
2s of about 3,800 ft (1, 158.2 m) MSL. It marks the local boundary between the southwest drainage 
30 toward Nash Draw and the southeastern drainage toward the San Simon Swale. The Divide is 
31 capped by the Ogalala Formation of late Tertiary age and an overlying caliche layer. A local 
32 topographic map is provided in Chapter B. 
33 

34 E-5 Contaminant Plume Description 
35 

36 No contaminant plume is present at the WIPP site; therefore, this section is not applicable to the 
37 WIPP facility. 
38 
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3 The requirements of 20 NMAC 4.1, Subpart V, Subpart F, do not apply. Groundwater monitoring 
4 is not required to ensure the environmental performance standards in 20 NMAC 4.1, Subpart V, 
5 §264.601, are being met. The DOE requests that the EPA Region 6 !Mffl¥ 
6 Aaministrator~m,f,@ty find that RCRA groundwater monitoring does not apply to the WIPP, 
1 based on the information and certification provided in Appendix E1 (20 NMAC 4.1, Subpart V, 
8 §264.90(b)(4)). 
9 

10 E-7 Detection Monitoring Program 
11 

12 The requirements of 20 NMAC 4.1, Subpart V, Subpart F, do not apply. Groundwater 
13 monitoring is not required to ensure the performance standards in 20 NMAC 4.1, Subpart V, 
14 §264.601, are being met. 
15 

16 E-8 Compliance Monitoring Program 
17 

18 The DOE is providing groundwater protection information to demonstrate compliance with 
19 20 NMAC 4.1, Subpart V, §§264.601 (a) and 264.602; therefore, compliance monitoring is not 
20 required at the WIPP facility. 
21 

22 E-9 Corrective Action Program 
23 

24 The DOE will institute corrective actions that are necessary to protect human health anrl the 
25 environment for all releases of hazardous waste or hazardous constituents from solid waste 
26 management units at the WIPP facility. Solid waste management units are described in 
21 Chapter J of this permit application. Corrective actions will be performed in compliance with 
28 20 NMAC 4.1, Subpart V, §264.101~pf?!i(;at)Je~~h?~tq~. 
29 
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RCRA GROUNDWATER PROTECTION INFORMATION 

Introduction 

2 

3 

4 

The Waste Isolation Pilot Plant (WIPP) Project was authorized by the U.S. Department of Energy 5 

(DOE) National Security and Military Applications of the Nuclear Energy Authorization Act of 6 

1980 (Public Law 96-164). Its legislative mandate is to provide a research and development 7 

facility to demonstrate the safe disposal of radioactive waste resulting from national defense 8 

programs and activities. To fulfill this mandate, the WIPP facility has been designed to perform 9 

scientific investigations of the behavior of bedded salt as a repository medium and the 10 

interactions between the salt and radioactive wastes. 11 

The DOE plans to dispose of transuranic (TRU) waste at the WIPP facility. Much of this TRU 12 

waste is co-contaminated with chemical constituents that are defined as hazardous under Title 13 

20 of the New Mexico Administrative Code, Chapter 4, Part 1 (20 NMAC 4.1 ), Subpart II, 14 

Sec. 261. This waste is called TRU mixed waste and is the subject of this application. TRU 15 

mixed waste will be received from numerous DOE TRU mixed waste generator and/or storage 16 

sites over the WIPP facility designqflfi~1r!i life of 25 years. 11 

Because geologic repositories such as the WIPP facility are defined under the Resource 18 

Conservation and Recovery Act (RCRA) as land disposal facilitiesWmi:.IMi.i.IJmiBl.J,@figY.iiii~I. 19 

the groundwater monitoring requirements of 20 NMAC 4.1, Subpaif\i;·· §§'264J56cf'ffirough 20 

264.603, must be addressed. 20 NMAC 4.1, Subpart V, §§264.90 through 264.101, applies to 21 

miscellaneous unit treatment, storage, and disposal facilities (TSDF) only if groundwater 22 

monitoring is needed to satisfy 20 NMAC 4.1, Subpart V, §§264.601 through 264.603, 23 

environmental performance standards. This appendix demonstrates that groundwater monitoring 24 

is not needed in order to demonstrate compliance with the environmental performance 25 

standards; therefore, 20 NMAC 4.1, Subpart V, §§264.90 through 264.101, will not apply to the 26 

WIPP facility. 21 

The DOE is seeking to demonstrate, to a reasonable degree of certainty, that there will be no 28 

migration of hazardous waste or hazardous constituents via groundwater for as long as the 29 

waste remains hazardous. In March 1989, the DOE submitted a No-Migration Variance Petition 30 

to the U.S. Environmental Protection Agency (EPA) demonstrating that there will be no migration 31 

of hazardous waste or hazardous constituents from the WIPP facility during a proposed Test 32 

Phase. On November 14, 1990, the EPA granted the WIPP PFOjest a Conditional No-Migration 33 

Variance under 40 CFR §268.6 for the activities proposed by the DOE. The EPA concluded that 34 

hazardous constituents .. would not migrate to groundwater from the repository during the 35 

proposed Test Phase (55 FR 47700). 36 
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32 

33 

34 

To fulfill environmental performance standards for groundwater requirements as described in 35 

20 NMAC 4.1, Subpart V, §§ 264.601 (a) and 264.602, the following points are addressed in this 36 

appendix: 37 

1. The potential for migration of hazardous waste or hazardous constituents from the 38 

facility to the uppermost aquifer by an evaluation of: 39 

a. The water balance of precipitation, evapotranspiration, runoff, and infiltration 40 

m~mor: 4). 41 
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b. Unsaturated zone characteristics (e.g., geologic materials, physical properties, 
and depth to groundwater>I(~il!r::::g). 

c. The existing quality of groundwater, including other sources of contamination and 
other cumulative impacts on the groundwater. :::[§!.l!P:r:::~) 

7 2. 
8 

The potential for hazardous waste or hazardous constituents that enter the uppermost 
aquifer to migrate to a water-supply well or surface water by evaluation of: 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

a. Saturated zone characteristics (i.e., geologic materials, physical properties, and 
rate and direction of groundwater flowH!(f!il§tl!l!l 

b. The proximity of the facility to water supply wells or surface water:::(rr!IW!!i!j§~;::§}: 

c. The proximity to and withdrawal rates of current and potential groundwater users. 

~1m91::::1*:::zl 

This document provides the data necessary to demonstrate that the migration of hazardous 
waste or hazardous constituents from the WIPP underground facility by way of the most likely 
water-bearing unit to water-supply wells (domestic, industrial, or agricultural) or to surface water 
is unlikely. To make this demonstration, the DOE considered formation permeability and 
fractures, the location and relationship of water-bearing units to the repository horizon, and the 
potential for flooding. Also considered were the characteristics of the waste, integrity of the 
waste containers, and the chemical composition of groundwater in the repository area, as 
recommended in the EPA's permit guidance for hazardous waste storage and disposal in 

~;~~fi;,1;;,~i@ll~l•lllBltltllllil~,llW~~!:!1!~~,!~~"~: 
and waste containment (E 1-8) of this appendix are key factors related to the ability of the WIPP 
site to isolate waste from groundwater with a high degree of certainty. 

31 The demonstration provided in this appendix is formatted as follows: 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

• E1-2 is a groundwater protection summary. 

• E1-3 describes the geographical setting and land use at the WIPP site. 

• E1-4 provides a general summary of the geologic characteristics of the WIPP site 
that pertain directly to the ability of the WIPP site to contain waste. 

• E 1-5 presents local climatological data and describes the water balance at the 
WIPP site. 

• E 1-6 describes the hydrologic conditions and groundwater quality at the WIPP site. 

• E1-7 describes facility design related to waste containment. 
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• E1-8 presents waste containment characteristics that ensure isolation of wastes in 1 

the WIPP facility. 2 

• E1-9 presents a general summary that demonstrates that the WIPP facility meets 3 

groundwater performance standards and the requirements for groundwater 4 

protection, as required in 20 NMAC 4.1, Subpart V, §§264.601 and 264.602. s 

Groundwater Protection Summary 6 

Since 1975, an extensive program of site characterization and validation has been conducted 1 

atthe WIPP site. The results of these studies have been summarized in numerous publications, 8 

including the following documents: f 1) Geological Characterization Report (Appendix 01 ); f2) the 9 

WIPP Design Validation Final Report (Appendix 01 ); f3) Summary of Site-Characterization 10 

Studies Conducted from 1983 :ijhrough 1987 at the Waste Isolation Pilot Plant (WIPP) Site, 11 

IBtl! :: 
provided information that was used to substantiate the conclusion that there is no possibility of 15 

migration of hazardous waste or hazardous constituents from the WIPP facility by groundwater. 16 

This section summarizes the factors (discussed in detail in Chapter D and in the appendices to 11 

Chapter D) that justify the determination that the groundwater monitoring requirements in 18 

20 NMAC 4.1, Subpart V, §§264.90 through 264.101, and 20 NMAC 4.1, Subpart V, § 264.602, 19 

m:m111~1~i&i::::r~11:iilmr~1111r1111111111•rqmt1r•:'111@pffj:::qf ~~ 
The WIPP site geologic, §!1ol.:::~1fii.tm9.liand hydrologic investigations indicate there will be little 22 

~A°n~i~~a,;;.~i@it::i.l~iii~1:iiiiit,~i~n;~~~~!=~!!!!,~!,!!!~~~l!!~1:~!!!~11 ~! 
this ~pp~tj~!~ demonstrates that during the Qisposal f1hase and the RCRA post-closure care 25 

period: f1) groundwater will not come in contact witti' the waste, and f2) there is no potential 26 

for aRjt-possible contaminated groundwater to migrate from the disposal horizon to the accessible 21 

environment, due to the existence of natural hydrologic gradients toward the facility level from 28 

all_ .. ~lJ IT()U~~in9. ... "-'~t~r~~~.'3.~~~- ... :zones gqQ,ns::::::~m~:~]!m~!:::::p[::::~m@]ipt9i!:l:::::~-§~Ili!lg;:t:f:!:@ 29 

&n~P!~r s~f2e=,m:::m11:::gP11.s1). 30 

Because the WIPP site is a unique land-disposal unit constructed far below the surface ~iI!iw 31 

J~W ~tth~~P~!:!Y:lil¥1.Plll:'::=am!IO.~i. the water-bearing unit most likely to be affeclecfby 32 
releases from the repository is the Culebra member of the Rustler Formation, which lies 33 

1,400 feet (ft) (426. 7 meters [m]) above the repository horizon. The Culebra is the most likely 34 

pathway to transport contaminated groundwater to the accessible environment or to surface 35 

ttl~KmBB. The possibility of transport of hazardous waste or hazardous constituents to the 38 

c·uiebra.will be discussed later in this section. 39 

The WIPP facility horizon is located 2, 150 ft (655.3 m) below the land surface in the Salado 40 

Formation, a bedded-salt formation. The thick sequences of predominantly very low- to low- 41 
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permeability sediments and evaporites isolate the waste-disposal horizon from any infiltration 

~~~ ~~h~~1:~e §,,l,~i~i.~;lllBl.:'''·:t~~~ ~~~ ~~~~~:gP!~a°r~~!l!,l~~~~rci~:;~~;1 
horizon is isolatecffrciirdhe .. i:frl"deriyl"ii.9 water-bearing formations by about 2,000 ft (609.6 m) of 
very low permeability sediments and evaporites. It is separated from the overlying Culebra by 
about 1.400 ft (426.7 m) of evaporites and other sedimentary rocks. All shafts extending to the 
facility horizon have been designed and constructed to minimize the infiltration of water from the 
overlying water-bearing units into the facility during the Disposal Phase (@ni!t§r::::m:1::tz@:::?~f[if.n~~ 
mppgijghU. All groundwater seepage into the shafts is collected and routed'fc>"r"dlsiiosalby"water 
coifecfron· rings built into the shaft liners. After waste emplacement, all shafts will have 
engineered seals and plugs installed, which will minimize fluid flow from the facility to overlying 
water-bearing units during the RCRA post-closure care period. 

14 m1:::1t:rirf:lm!i:::liimis::@ng:!!§li!iiBiilrill!Ull!§l),i::111:::11eB::11t::very sma11 amounts 
15 of brine are trapped in the host-rock salt. The quantity of brine available is insufficient to 
16 consider it a potential transport medium lilllll!i!El Additionally, evaporation of the brine 
11 due to the normal mine ventilation prevents.tha··accifrri"ulation of brine in quantities sufficient to 
18 come in contact with the waste itself during the Disposal Phase. Also the natural hydrologic 
19 gradient during the operational and RCRA post-closure care periods (20 NMAC 4.1, Subpart V, 
20 g264.117) is from the surrounding rock to the repository horizon, making transport away from 
21 the facility unlikely (lmltim:::!f,).. 
22 

23 

24 

25 

26 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

The WIPP site is located in a very sparsely populated region in which the major land uses are 
cattle grazing, oil and gas production, and potash mining. The facility is remote from significant 
surface-water resources, and the poor quality and small quantity of groundwater in the area limit 
its possible uses. Water in the water-bearing strata overlying and underlying the facility horizon 
is high in dissolved solids and is not potable. The only potable groundwater in the general area 
is found in isolated and discontinuous perched or semiperched water tables in the Dewey Lake 
or the Santa Rosa. The nearest wells that produce potable water used for domestic and livestock 
purposes are located 3 miles (mi) (4.8 kilometers [km]) south of the WIPP facility. The Dewey 
Lake is unsaturated in the vicinity of the WIPP shafts and waste panels, and the Santa Rosa is 
less than 2 ft ~Q.6 m) fli!Qkand does not yield water. There is no connection between the 
confined groundwater systems at the WIPP facility and nearby surface-water bodies. There is, 
therefore, no potential for waste placed in the WIPP facility to affect water resources by entering 

--~ 

46 To summarize, for waste to migrate to groundwater-bearing units, there must first be a transport 
47 medium. There must also be a pathway, such as a shaft, a drill hole, or fracture, that would 
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connect the contaminated medium with overlying saturated water-bearing units that would be the 1 

most likely route to the accessible environment (li.l.~lrll In addition, there must be a driving 2 

force or a ~1~~~1!¢.J'igradient to transport contamlii.anfidrom the waste-disposal area. None of 3 

these factors···15· ·considered to be significant at the WIPP facility, because of the physical 4 

characteristics of the site and the facility design (~~ifalPP.i.~l:JP,I). No feasible transport 5 

medium or hydraulic gradient exists at the WIPP fadilty;··~i"ii·d··;;a ·natural pathway exists to allow 6 

migration of hazardous waste or hazardous constituents from the waste-disposal area to any 1 

water-bearing unit during the Disposal Phase and the RCRA post-closure care period. Migration 8 

of hazardous waste or hazardous constituents in groundwater during the Disposal Phase or 9 

RCRA post-closure care period is highly unlikely. 10 

E 1-3 Geographical Setting and Land Use 11 

E1-3a Geographical Setting 12 

The WIPP site is located in the Pecos River Valley section of the Great Plains physiographic 13 

province in the north-central part of the Delaware Basin. The land surface in the region 14 

surrounding the WIPP site slopes gently to the west and southwest at approximately 45 ~ 15 

mi-f:Wrrl.l (8.5 m/km). The surface elevations range from 3,550 ft (1,082 m) above mean sea level 16 

(MSI..) along the eastern border of the site to 3,300 ft (1,006 m) MSL in the west. Eolian sand, 11 

which occurs as partially stabilized or active sand dunes, covers much of the site. The sand, of 18 

Holocene age, is very erratic in distribution and thickness. Appendix D6 (p§f~:g).!:::provides more 19 

detail on the geographicaq::t1§m§tl!~i~N~nq:::P:n¥!~99tiPI!! setting of the .. Wif:>i=>"site. 20 

The WIPP site is located in Eddy County 26 mi (41.8 km) east of Carlsbad, New Mexico, in an 21 

area known as Los Medalios (The Dunes) (Figure E1-1). This area is relatively flat and sparsely 22 

inhabited with little water and limited land uses. Most of the land is federally or state owned and 23 

is used principally for grazing. Other uses of land in the area include potash mining and oil and 24 

gas exploration and development. 25 

Livingston Ridge, located about 4 mi (6.4 km) northwest of the WIPP facility, is the most 26 

prominent physiographic feature in the area. This northeast-trending escarpment is about 12 mi 21 

(19.3 km) long and 75 ft (22.9 m) high and marks the eastern edge of the Nash Draw (Figure 28 

E1-2). The late Permian Dewey Lake and the Pleistocene age Gatulia Formation and Mescalero 29 

caliche crop out along the ridge. 30 

The Nash Draw is northwest of Livingston Ridge and is a shallow northeast-trending depression 31 

3 to 9 mi (4.8 to 14.5 km) wide. It is the nearest drainage course to the west of the WIPP 32 

facility. Elevations within the Nash Draw range from 3,300 ft (1,005.8 m) MSL at its head in the 33 

northeast to 2,945 ft (897 .6 m) MSL at £'-94n~:lin9~flgi.]@:::S,@!!1:Salt Lake near the Pecos River 34 

and are generally 200 to 300 ft (61 to 91.4 rri)iower th~frdhe" surrounding terrain (i'i.9Ut@if.ilii}. 35 

The Nash Draw is believed to have developed as a result 'of the subsurface dissoiutlC)ii .. ofhaHte 36 

from the Rustler and upper Salado and gypsum and anhydrite from the Rustler, followed by 37 

subsidence of overlying materials. 38 

East of the WIPP facility, the nearest major drainage course is the San Simon Swale 39 

(Figure E1-2). The swale is a southeast-trending depression about 25 mi (40.2 km) long and 40 
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1 from 2 to 6 mi (3.2 to 9. 7 km) wide that overlies the southern extent of the Capitan Reef. 
2 Elevations within the depression range from 3,650ft(1,112.5 m) MSL in the northwest to 3,270 ft 
3 (996.7 m) MSL in the collapse feature called the San Simon Sink at the southeastern end of the 
4 swale, about 18 mi (29.0 km) east of the WIPP facility. The sink is filled with fine sand and 
5 calcareous silt, and the surface of the swale is covered by eolian sand, which masks the relief. 
6 

1 The San Simon Swale probably originated from a combination of surface-stream erosion and 
8 solution subsidence because the area of collapse seems to be confined to the sink areas and 
9 is not pervasive over the entire swale [N.!lb.91.i§rE@ti.lfCl•IM:~~:). Rather, collapse in the 

10 sink areas steepened the local drainage""gradienfresuiffri'g""frdi'eadwa"rd cutting and widening of 
11 the swale. 
12 

13 Between the San Simon Swale and the WIPP facility is a broad, low mesa named "the Divide." 
14 Approximately 7 mi (11.3 km) east of the WIPP facility, the Divide rises about 100 ft (30.5 m) 
15 above the surrounding terrain and has an elevation of about 3,800ft{1,158.2 m) MSL. It marks 
16 the local boundary between the southwestern drainage toward the Nash Draw and the 
11 southeastern drainage toward the San Simon Swale. The Divide is capped by the Ogallala 
18 Formation, of late Tertiary age, and an overlying caliche layer. 
19 

20 E 1-3b Land Use 
21 

22 The WIPP site consists of 16 sections of federal land located in Township 22 South, Range 31 
23 East (see topographic map in Chapter B). Lands were withdrawn from settlement, sale, location, 
24 or entry under the general land laws by Public Law 102-579, which authorized the land to be 
25 used for the operation of the WJPP facility. Surface-land uses in this area remain largely 
26 unchanged. Surface entry for mining, drilling, and resource exploration is restricted in the 16 
21 sections. 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

The major use of land within 10 mi (16.1 km) of the center of the site is cattle ranching. At 
present, none of the ranches within a 3-mi (4.8-km) radius of the WIPP facility uses well water 
for livestock. The Smith Ranch used well water for domestic consumption and grazing until 
1978, but the quality was poor, and they now use water supplied by pipeline. That well, located 
about 2 mi (3.2 km) north-northwest of the WIPP facility is now closed 1[$.WIMi!itlJ. Drinking 
water at the Smith Ranch is supplied by the International Mineral and Chemical Corporation 
(IMCC) which has a well s stem in the Ca itan A uifer. TfietMilliWRariifftlOcatediibOUUSi~SHni 

~,1-....~11,~$~ 
boubie Eagle .. Water· Com.pany pipeiine, owned by the City of Carlsbad. 

40 The WIPP site lies in a sparsely populated area. Less than ten people reside at the Mills Ranch, 
41 the residence nearest the WIPP facility lesatee aee1:1t 3.5 FRi {5.e kFR) se1::1th se1::1thwest ef the site. 
42 The nearest town, Loving, New Mexico, has a population of about 1, 700. Loving lies about 
43 18 mi (29.0 km) southwest of the site (!1~9Arfi§~1~).. There are three active potash mines within 
44 10 mi (16.1 km) of the WIPP site. The Ciosesfl-~ithe Western Ag-Mineral Company potash mine 
45 located approximately 5 mi (8.0 km) west-southwest of the WIPP site. The nearest economically 
46 exploitable potash reserves are approximately 0.6 mi (1 km) laterally from the waste panels, 
47 although the extraction of reserves within the land withdrawal area is precluded!!:§~i!!~lt@f:::@w. 
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2 

Detailed site-specific exploration techniques have been and are being utilized at the WIPP site. 3 

Among these are geophysical surveys, including seismic reflection, resistivity, gravity, 4 

electromagnetic, and magnetic techniques; borehole exploration, including coring, geophysical 5 

logging, and hydrologic testing; and geologic mapping. The Geological Characterization Report 6 

in Appendix D1 and the Summary of Site-Characterization Studies Conducted from 1983 through 7 

1987 at the Waste Isolation Pilot Plant (WIPP) Site, Southeastern New Mexico, in Appendix D6 8 

summarize the exploration methods. 9 

E 1-4b Site Stratigraphy 10 

The WIPP facility is constructed near the middle of a sequence of evaporite beds about 3,600 ft 11 

(1,097.3 m) thick that consist primarily of halite and anhydrite (Figures E1-3, E1-4). This chapter 12 

summarizes the stratigraphic units from the surface down to the Castile, including the Salado. 13 

Special emphasis is placed on the water-bearing units and the Salado Formation whose 14 

properties preclude the potential for migration of hazardous waste or hazardous constituents 15 

from the WIPP site during the Disposal Phase. Detailed descriptions of local stratigraphy are 16 

provided in Appendix D6. 11 

E1-4b(1) Permian System 18 

The nearly 13,000 ft (3,962.4 m) of Permian strata that were deposited within the Delaware 19 

Basin area constitute the most complete Permian sequence in North America. At the WIPP site, 20 

the average thickness of the Permian sequence is about 12,800 ft (3,901.4 m). The upper part 21 

of the sequence, in which the facility is located, is composed of approximately 3,600 ft 22 

(1,097.3 m) of thick evaporite beds (primarily halite and anhydrite) with only minor amounts of 23 

elastic material. The Permian System is divided into four series which are, in ascending order, 24 

the Wolfcampian, the Leonardian, the Guadalupian, and the Ochoan. The Permian-age rocks 25 

of interest here are part of the Ochoan Series. The Ochoan sediments are of marine origin and 26 

are separable into two distinct sections: f 1) a thick lower section of evaporites, and f2) a thinner 21 

upper layer of redbeds. The lower section includes, in ascending order, the Castile, the Salado, 28 

and the Rustler. The upper section consists of the Dewey Lake. 29 

The Castile Formation 30 

The Castile underlies the Salado. The thickness of the Castile at and near the WIPP site is 31 

approximately 1,540 ft (469.4 m). Lithologically, the Castile contains a sequence of three thick 32 

anhydrite beds, separated by two thick halite sequences. These low-permeability evaporite units 33 

lie between the rocks of the Bell Canyon and the overlying Salado. The evaporites of the Castile 34 

were deposited in the Delaware Basin on the basinal side of the Permian Capitan Reef. These 35 

evaporite deposits almost completely filled the basin prior to deposition of the Salado. 36 
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The Salado Formation 

3 The WIPP underground structures are being excavated in the Salado Formation. A core hole, 
4 ERDA-9, was drilled at the center of the WIPP site through the Salado and into the Castile. At 
5 ERDA-9, the top of the Salado is 848 ft (258.5 m) below ground surface (SGS), and the base 
6 is at 2,824 ft (860.8 m) BGS for a total thickness of 1,976 ft (602.3 m). The waste-disposal 
1 horizon is located approximately 2, 150 ft (655.3 m) BGS. The ERDA-9 borehole is now open 
a to the Culebra member of the Rustler. 
9 

10 The Salado is composed predominantly of halite, which constitutes about 85 to 90 percent of this 
11 formation at the WIPP facility. The next-most-abundant rock type in the formation is anhydrite. 
12 The remainder of the formation is polyhalite and other potassium-rich rocks, with subordinate 
13 amounts of glauberite, magnesite, sandstone, siltstone, and claystone. 
14 

15 The Salado is divided informally into three members: an unnamed lower member, the McNutt 
16 potash member, and an unnamed upper member. The WIPP underground facility is in the lower 
11 member, which is 1,094 ft (333.5 m) thick and is composed of alternating thick layers of halite 
1a and thinner interbeds of anhydrite and polyhalite. Thin bands of magnesite form a carbonate-rich 
19 zone in the lower part of most of the polyhalite and anhydrite seams. Seams of claystone 
20 underlie the anhydrite and polyhalite seams. The clay seams, in tum, are underlain by dark to 
21 medium-gray argillaceous halite, which grades downward& into polyhalite or clear halite. 
22 

23 The McNutt potash member is 380 ft (115.8 m) thick at the center of the WIPP site and differs 
24 from the other members of the Salado in that it is rich in potassium-bearing minerals. In addition 
25 to potassic rocks, the McNutt contains thin seams of anhydrite and polyhalite within the dominant 
26 halite. 
27 

28 The upper unnamed member is 502 ft (153.0 m) thick at the center of the WIPP site and is 
29 composed predominately of halite with minor amounts of anhydrite and polyhalite. It also 
30 contains two persistent beds of very fine-grained sandstone, the Vaca Triste sandstone and 
31 Marker Bed (MJ.1)1!''101. These halite-cemented sandstones are found throughout the Delaware 
32 Basin. These relatively thin sandstone beds occur, respectively, 30 to 40 ft (9.1to12.2 m) and 
33 112 to 120 ft (34.1 to 36.6 m) below the top of the member. A detailed discussion of the 
34 stratigraphy of the Salado at the underground facility level is given in Appendix 06. 
35 

36 The Rustler Formation 
37 

38 In the WIPP site area, the Salado Formation is overlain conformably by the Rustler Formation. 
39 The Rustler is approximately 310 ft (94.5 m) thick at the center of the site. Overall, the lithology 
40 of the Rustler is quite variable, containing carbonates, sulfates (gypsum, anhydrite, polyhalite), 
41 elastic materials, and halite. The Rustler is the youngest unit in the Ochoan evaporite sequence 
42 and is a key marker bed of the upper Permian in Texas and New Mexico. The Rustler is divided 
43 into five members in the WIPP site area: f 1) at the base, an unnamed unit of clayey siltstone 
44 and very fine-grained sandstone with thin interbeds of anhydrite and halite; f2) the Culebra, a 
45 unit of thin bedded, finely crystalline dolomite; f3) the Tamarisk, mostly anhydrite or gypsum and 
46 some unconsolidated clayey silt;~) the Magenta, a cross-laminated, fine-grained dolomite; and 
47 f5) the Forty-Niner, anhydrite with a single interbed of clayey silt. The unnamed lower member 
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is approximately 120 ft (36.6 m) thick and is dominated by siltstone and claystone with lesser 1 

amounts of anhydrite and halite. The anhydritic upper Forty-Niner is approximately 66 ft 2 

(20.1 m) thick. The Culebra and Magenta are water-bearing in the vicinity of the WIPP site. 3 

These two members are discussed below. Additional detail on Rustler stratigraphy is given in 4 

Appendix D6. 5 

The Culebra Member 6 

The Culebra occurs in the Rustler between 704 and 727 ft (214.6 and 221.6 m) BGS near the 1 

center of the WIPP site. It is a thinly bedded microcrystalline dolomite that contains many smaa 8 

spherical cavities (vugs), ranging from .08 to .8 inches (in.) (2 to 20 millimeters [mm]) in 9 

diameter. These vligs may be partially filled with secondary anhydrite, gypsum, or calcite. 10 

Although many cavities are open, they do not appear to be interconnected except along 11 

fractures. 12 

The Culebra has been examined extensively during mapping of the Waste Shaft, the Exhaust 13 

Shaft, and the Air Intake Shaft. These observations, along with the results of the evaluation of 14 

numerous core samples, have indicated that most zones of interconnected porosity and 15 

formation permeability are along fractures. Both open and sulfate-filled vugs and fractures are 15 

locally abundant across the site area. The majority of the Culebra sediment is of uniform size, 11 

fine-grained carbonate mud, which upon lithification produced finely crystalline dolomite. 18 

The Magenta Member 19 

The Magenta occurs in the Rustler between 596 and 620 ft (181.7 and 189.0 m) BGS nearthe 20 

center of the WIPP site. It is characterized by alternating wavy laminae of silty dolomite and 21 

anhydrite altered locally to gypsum. The dolomite is bounded above and below by anhydrite of 22 

the Forty-Niner and the Tamarisk, respectively. 23 

The Dewey Lake 24 

The Dewey Lake is the uppermost unit of the Late Permian Ochoan Series at the WIPP site and 25 

represents the top of the Paleozoic section in the Delaware Basin. At the center of the WIPP 26 

site, the Dewey Lake is 474 ft (144.5 m) thick. The Dewey Lake consists of mudstone, siltstone, 21 

and interbedded thin lenticular beds of sandstone. 28 

E 1-4b(2) Triassic System 29 

Late Triassic rocks in the northern part of the Delaware Basin belong to the Santa Rosa, a 30 

sandstone that unconformably overlies the Dewey Lake. The Santa Rosa occurs in the vicinity 31 

of the WIPP site as an erosional wedge pinching out near the center of the site. It consists of 32 

fine-to-coarse-grained sandstone with interbeds of siltstone and mudstone. Throughout most of 33 

the area, the Santa Rosa is covered by surficial Cenozoic deposits. 34 
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1 E1-4b(3) Tertiary and Quaternary Systems 
2 

3 Cenozoic and more recent rocks found at the WIPP site consist of the Pleistocene- and 
4 Holocene-age Gatulia Formation, the Mescalero caliche, and recent windblown sand and playa 
5 deposits. Although not occurring at the site, the Ogallala Formation occurs in the WIPP site 
6 area. 
7 

a Recent (Holocene age) deposits in the vicinity of the WIPP site include windblown sand, 
s alluvium, and playa deposits. The most prevalent recent deposits consist of the windblown sand 

10 that covers most of the WIPP area (Figure E1-5). The sand occurs as either tracts of conspic-
11 uous dune fields or as sheet deposits. The dune deposits can be up to 100 ft (30 m) thick, 
12 whereas the sheet deposits are typically no more than 10 to 15 ft (3.0 to 4.6 m) thick. 
13 

14 Alluvial deposits occur in %-to %-mi-wide (.4 to 1.2 km-wide) belts along declivities into the Nash 
15 Draw, for example, along the base of Livingston Ridge and locally in small depressions 
16 (Figure E1-5). These deposits are similar to small alluvial fans or sheet deposits. 
17 

1a Playa deposits consist of eolian sand, alluvium, and gypsum and halite. The nearest playas are 
19 about 5 mi (8.0 km) west of the WIPP site within the Nash Draw (Figure E1-5). 
20 

21 Twenty-seven ft (8 m) of the Gatulia were encountered at the center of the site, and 9 ft (2. 7 m) 
22 was recorded from the Air Intake Shaft. The Gatulia consists of reddish-brown, poorly 
23 consolidated sand, gravel, and silty clay. Beneath a cover of windblown sand, much of the site 
24 area is covered by a hard, resistant petrocalcic horizon informally known as the Mescalero 
25 caliche, which is about 4 to 10 ft (3.0 m) thick in the site area. 
26 

21 The Ogallala Formation, of Miocene age, is a major water-bearing unit supplying groundwater 
28 for a large area of the Permian Basin east of the WIPP site. This unit does not occur west of 
29 the San Simon Swale, except for thin exposures about 7 mi (11.3 km) east of the WIPP facility. 
30 Therefore, activities at the WIPP facility will not impact the Ogallala Aquifer. 
31 

32 E 1-5 Climatology and Water Balance 
33 

34 E 1-5a Climatology 
35 

36 The regional and local climates are arid to semiarid. The past five-year average annual 
37 precipitation at the WIPP is 14.4 in. (36.6 centimeters [cm]), about half of which is received from 
38 thunderstorms during June through September. Daytime summer temperatures consistently 
39 exceed 90 degrees Farenheit (°F) (32.2 degrees Celsius [°C]) and occasionally rise above 100°F 
40 (37.8°C). Winter afternoon temperatures often rise as high as 70°F (21.1°C). Nighttime lows 
41 during the winter average near 23°F (-5.0°C), occasionally dipping below 14°F (-10.0°C) . 
42 Prevailing winds are from the southeast; however, strong winds are frequent (especially in the 
43 spring) and can blow from any direction, creating potentially violent windstorms that can carry 
44 large volumes of dust and sand. Climatic data are currently being collected approximately 
45 2,000 ft (609.6 m) northwest of the Property Protection Area. Additional discussion of the local 
46 climate of the WIPP site is given in Appendix D4. 
47 
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The infiltration and percolation rates of meteoric water into the sediments overlying the facility 2 

horizon have been investigated for the Bureau of Land Management. At least 96 percent of 3 

precipitation is lost due to evapotranspiration. On the average, therefore, the annual amount of 4 

infiltration is less than 0.5 in. (1.3 cm) per year and may, for many years, be essentially 5 

nonexistent (IM~!!~i]lil· 6 

The widespread presence of the Mescalero caliche, which has existed several feet below the 7 

surface for approximately 500,000 years, pFeviEies an aEiEiitienal barrier te infiltratien. .its 8 

e*istence indicates that, on a regional scale, not enough infiltration has taken place to result in 9 

its complete dissolution. tlillm@i.~::::::1:ag~:::::1:1zt~I@nlll.il!I). The upper surface of the hard 10 

caliche typically is covered.wlth".iimaf of piarifrciots>llfllch"fridfcate that most of the moisture that 11 

reaches that surface is taken up by plants and transpired. It is difficult to arrive at a precise 12 

figure for the amount of water that infiltrates downward into the formations overlying the WIPP 13 

site. Infiltration is apparently negligible as evidenced by the absence of a near-surface 14 

groundwater body or regional water table above the Rustler at the WIPP site (~g 15 

~P:eim9~¥:::::a11:11uttr:::1gmm1[:1i1i:::19:::~ni::j1nm•::::11!~m~'=· ············ 16 

A regional water-balance study (RWBS) has been conducted covering approximately 17 

2,000 square mi (5180 square km) in Eddy County east of the Pecos River (Figures E1-6 and 18 

E1.,.7). The RWBS (Mi.mit@iJill.il encompassed all local stratigraphic units above the Salado 19 

arid below the Ogaliafa:·· The ·resuits of the RWBS showed that recharge to the Rustler water- 20 

bearing units by unconfined water from the Capitan Reef, for example, was not occurring at, or 21 

in the vicinity of, the WIPP site. The RWBS also showed that the uncertainties in local and 22 

regional precipitation, infiltration, evapotranspiration, and groundwater discharge from the Rustler 23 

are so large that water-budget techniques cannot be used either to determine the amount of 24 

recharge or to determine that recharge is actually occurring. Hydrologic and isotopic studies 25 

place tight constraints on the possibility of recharge to the Rustler presently being active at the 26 

WI pp site ~~ii!:i.PflPlitQlfig':mf:::li,9!!f,g1J@~::pit~m=g~t!if!flt!!r!i:f@gfiif.~); 27 

A recent, detailed hydrogeologic study presents additional evidence that the Rustler and its 28 

water-bearing units are not now receiving recharge. The results of this study indicated that the 29 

isotopic character of most Rustler, Dewey Lake, and confined Capitan waters are demonstrably 30 

different from the isotopic content of waters that are assumed to represent modem recharge in 31 

the northern Delaware Basin. This observation is taken to reflect recharge under conditions 32 

distinctly different from those controlling modem recharge. The conclusions of isotopic studies 33 

are consistent with the interpretation of a transient hydrologic setting of the Rustler and shallower 34 

units at and near the WIPP site and support the concept that the Rustler in the WIPP site area 35 

has not been recharged for at least 10,000 years (f,;ppgQ.l!,Mllftlg}. The present conceptual 36 

model for geochemistry is considered to be tentative·; becaUse the.re are alternative hydrologic 37 

inferences that can be drawn from the existing data that may support different models of flow. 38 

Recharge to the waste disposal horizon would require the infiltration and percolation of 39 

precipitation from the surface and through the overlying sedimentary sequence. The hydrologic 40 

investigations discussed above demonstrate that this is not occurring at the WIPP facility. 41 
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It is concluded from these investigations that infiltration of precipitation and recharge to either 
2 the facility repository horizon or the water-bearing units of the overlying Rustler is not sufficient 
3 to cause the future migration of hazardous constituents to the accessible environment. It is also 
4 concluded that the waste will not come into contact with infiltrating precipitation and groundwater 
5 recharge. 
6 

1 E 1-6 Site Hydrology and Water Quality 
8 

9 E 1-6a Surface Hydrology 
10 

11 Surface water is generally absent at the WIPP site. The nearest large surface-water body, the 
12 Laguna Grande de la Sal, is located about 10 mi (16..4 km) west-southwest of the WIPP site in 
13 the Nash Draw, where shallow brine ponds occur l[fjg(j~!]i!1!f:I),. The only other surface water 
14 is the Pecos River, which is 12 mi (19 km) southwest of the WIPP site at its closest point. Small 
15 man-made livestock watering holes (''tanks") occur several mill from the WIPP site but are not 
16 hydrologically connected to the formations overlying the WIPP .. facility. The source of water in 
11 these tanks is generally runoff from precipitation but may be supplemented by windmills or water 
18 hauled in by trucks. Additional detail on the surface water hydrology of the WIPP site area is 
19 presented in Appendix&;§ Ce. 
20 

21 E 1-6b Subsurface Hydrology 
22 

23 

24 

25 

26 

·27 

28 
29 

30 

31 

32 

33 

34 

Several water-bearing zones have been identified and extensively studied nearthe WIPP facility. 
Limited amounts of potable water are found in the Dewey Lake and the overlying Santa Rosa 
several miles south and east of the WIPP facility. Two water-bearing units, the Culebra and the 
Magenta, occur in the Rustler and produce brackish to saline water in the vicinity of the site. 
Another saline water-bearing zone that occurs west of the site l:eneath the Nash Draw is the so
called "Brine Aquifer'' at the Rustler/Salado contact. These water-bearing horizons, which occur 
above the Salado, are described below but do not represent useable aquifers at the site, due 
to either their very poor water quality, low yields, or unsaturated conditions. Brine and gas 
occurrences in the Salado and the Castile are also described irbthi!WfdRowitlPS.emiiris. 

·:·:·:·:-:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·Z·:·Z·:·:-:•j•:•,,,.;.z.z.;.z.:·:·:·:·:•:•:•:•:•:·:·Z·:·:-: 

E1-6b(1) Hydrology of the Castile Formation 

35 The Castile is composed of a sequence of three thick anhydrites separated by two thick halites. 
36 This formation acts as an aquitard, separating the Salado from the underlying water-bearing 
37 sandstones of the Bell Canyon. Except for the isolated brine reservoirs locally found in the 
38 fractured anhydrites, very little hydrologic data are available from the Castile. In the halite zones, 
39 the occurrence of circulating groundwater is restricted because halite at these depths does not 
40 readily maintain porosity, open fractures, or solution channels. Drill stem tests conducted in the 
41 Castile show the permeability of the anhydrite and salt beds underlying the WIPP facility to be 
42 negligible, and in most tests, values for permeabilities were too low to be determined accurately 
43 with conventional methods. Based on the limitations of the instrumentation used to measure 
44 these very low permeabilities, a conservative estimate for permeability would be less than 
45 0.1 microdarcy. 
46 
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No regional groundwater flow system is present in the Castile. The only significant water present 
in the formation occurs in isolated brine reservoirs in fractured anhydrite. Geochemical data 2 

support the hypothesis that the brines represent trapped Permian seawater that is now halite 3 

saturated and in equilibrium with the host rock. The result of an additional study suggested that 4 

the brine occurrences are the result of the isolation of waters transmitted to the Castile from the 5 

adjacent Capitan Reef via an intermittent or episodic hydrologic connection and that Castile brine 6 

has been isolated from between 360,000 and 880,000 years. Therefore, these brine reservoirs 1 

are not increasing in volume or pressure, are unconnected with other aquifers or the surface, 8 

and have little potential to dissolve the host rocks or move through them. The regional and local 9 

hydrogeology and the structural and dissolution characteristic of the Castile are discussed in 10 

detail in Appendix 06. 11 

E 1-6b(2) Hydrology of the Salado Formation 12 

The massive halite beds within the Salado host the WIPP facility emplacement horizon at a depth 13 

of 2, 150 ft (655.3 m) BGS. The Salado represents a regional aquiclude due to the hydraulic 14 

properties of the bedded halite that forms most of the formation. In the halites, the presence of 15 

circulating groundwater is restricted because halite does not readily maintain primary porosity, 16 

solution channels, or open fractures. During the mapping that was conducted as part of the 11 

construction of the Waste Shaft, the Exhaust Shaft, and the Air Intake Shaft, the halites of the 18 

Salado did not produce any observable fluid inflow. In addition, significant brine flows have not 19 

been encountered in hydrologic testing from the surface. 20 

The results of the permeability testing, within the underground facility, are generally consistent 21 

with a permeability of the overall undisturbed salt mass that is approximately 0.001 to 22 

0.01 microdarcy. Underground hydrologic tests in pure halite show no observable response, 23 

indicating either extremely low permeability or no flow whatsoever, even though appreciable 24 

pressures are applied to the test interval (Appendix 06). Testing of anhydrite units in the 25 

underground facility indicate that permeabilities are generally within the range found for halite. 26 

Results of "successful" hydrologic tests of the Salado from the surface indicate permeabilities 21 

from approximately 0.01 microdarcy to a high of 25 microdarcies. Later evaluation of the tests 28 

indicated that the data from the Salado in Well DOE-2 are the most reliable, indicating a 29 

maximum permeability of 0.3 microdarcy. Field testing of the Salado from the surface has had 30 

only limited success. The apparent causes of this are f 1) the formation permeability appears to 31 

be below the testable minimum for the equipment used (approximately 0.01 to 0.1 microdarcy), 32 

and f2) hole aging during the time between hole completion and attempted testing of the Salado 33 

caused great difficulty in finding locations in the borehole that allowed successful setting of 34 

packers to isolate test intervals. Evaluation of all existing hydrologic test data from the Salado 35 

indicate that data from testing of undisturbed halite at the underground facility level are the most 36 

representative permeability data available. Hydrologic data from testing in the WIPP 37 

underground were used in hydrologic modeling presented in the No-Migration Variance Petition. 38 

Such very low permeability values indicate that any fluid flow within the competent halite is 39 

extremely slow and would result in an imperceptible rate of fluid movement in conventional 40 

hydrologic considerations. The only significant variation to these extremely low permeabilities 41 

stated above occurs in the disturbed rock zone in the immediate vicinity of the underground 42 

excavation. Gas-flow permeability tests indicate a marked increase in the permeabilities within 43 

approximately 6 to 7 ft (1.8 to 2.1 m) of the underground excavation. This apparent increase in 44 
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permeability is restricted to the disturbed zone immediately surrounding the excavation and is 
2 believed to be a result of near-field fracturing and possible matrix dilatancy due to stress relief 
3 associated with excavation. This interpretation of gas-flow permeability tests is complicated by 
4 uncertainties in the degree of saturation of the Salado, pressure threshold effects inherent in the 
s testing techniques, and local inhomogeneities due to fracturing in the disturbed rock zone near 
6 the underground facility openings. 
7 

s Marker Bed 139, an anhydrite unit which lies approximately 3.28 ft (1 m) below the facility floor, 
9 exhibits increased permeability due to fracturing in the disturbed rock zone. Separation along 

10 these fractures in the floor of WIPP facility rooms and drifts may be quite large (several 
11 centimeters). Hydrologic testing in Marker Bed 139 at one location of the facility suggested that 
12 separate fracture. systems exist and yielded transmissivity values of approximately 6 x 10-4 to 
13 1 x 10·3 sqblaFe ~ per day (10 x 1 a.a to 2 x 1 a.a sqblaFe m~ per second). Geotechnical evaluations 
14 have shown that Marker Bed 139 may be connected to the floors of rooms and other excavated 
15 areas through fractures. However, pathways for brine and gas migration in the floor and in 
16 Marker Bed 139 are limited to zones directly below the excavations, as fracturing does not 
11 extend more than 5 or 6 ft (1.5 or 2.a m) beyond the edge excavated areas. In the pillars and 
18 away from the excavation outside of the disturbed rock zone, the anhydrite bed will not exhibit 
19 open fractures due to compressive loading and migration of fluid away from the excavation 
20 through Marker Bed 139 is not expected. Should a spill reach Marker Bed 139, migration to 
21 overlying or underlying water-bearing units will not occur. 
22 

23 Salado Formation Brine and Gas Inflow 
24 

25 Minor quantities of gas and brine have been encountered in the salt beds of the WIPP facility 
26 excavation. The inflows of brine occur as "weeps" on the exposed surfaces of the underground 
21 workings and as accumulations in some of the boreholes drilled outward from the workings, most 
28 noticeably in the downholes. Gas (mostly nitrogen) is usually associated with the brine inflow 
29 and can be observed as gas bubbles in the brine occurrences. Moisture content measurements 
30 of the Salado host rock (salt) have been made as part of the 8rine SaR=l~ling anel evalblation 
31 PrograR=I (BSEPHP.~IM:IJ::i!~f:l~~1.:;:::1::g(}~Vi1;~~~). These measurements are based on the easily 
32 moved fluid contenfln 'the· i'ow ran~ie ·aflemperatures (77° to 482°F, or 25° to 250°C). The 
33 BSEP has measured moisture content of more than 500 core samples representing different 
34 lithologies and different areas of the underground facility. The results of these measurements 
35 indicate that moisture content ranges from 0.01 to 6.67 percent (for one isolated clayey sample), 
36 with most samples less than 4-®e percent. Stratigraphic variations in moisture content were 
31 shown to be related to the clay.content of the units. Based upon the thickness of the various 
38 stratigraphic units, a weighted-average amount of brine that occurs naturally in the rock and is 
39 not bound crystallographically or sealed in fluid inclusions, is in the order of a.1 to a.6 percent 
40 by weight (up to 1.6 percent by volume) of the surrounding rocks. Most of the measured brine 
41 inflows in boreholes have averaged a few hundredths of a gallon (a few hundredths to a few 
42 tenths of a liter) per day. The liquid and gas movement observed in the walls, floors, and roofs 
43 of the excavated surfaces is believed to be the result of the pressure gradient caused by the 
44 excavation. Geochemical studies on the origin of the brines indicate that they originate as 
45 intergranular fluids with residence times within the Salado of at least several million years and 
46 may have been resident since Permian time. In addition, the variability of the compositions of 
47 fluid inclusions in salt near the WIPP facility workings is consistent with there being little or no 

AU5-95!NP/WIPPARTB/REV5CR:APE1 E1-16 01/09196 11 :46am 



WIPP RCRA Part B Pennit Application 
DOEMllPP 91-005 

Revision 5.2 

vertical fluid movement. During the Disposal Phase, the majority of the moisture entering the 1 

facility from the host rock will evaporate and be removed in the air circulated by the underground 2 

ventilation system. Additional detail of the hydrogeology of the Salado is presented in 3 

E1-6b(3) Hydrology of the Rustler/Salado Contact 6 

The contact zone between the Rustler and the Salado at the WIPP site was tested in 20 cased 1 

and open drillholes. In the Nash Draw and areas immediately west of the site, the contact exists 8 

as a dissolution residue capable of transmitting water. Moving eastward from the Nash Draw 9 

toward the WIPP site, the amount of dissolution decreases, and the transmissivity of this interval 10 

decreases. All tests within the boundary of the WIPP site showed very low transmissivities, 11 

ranging from 3 x 10·5 to 3 x 10·3 &Ef1:1are ~ (2.7 x 10..s to 2.7 x 10-4 &Ef1:1are m~) per day. 12 

E1-6b(4) Hydrology of the Culebra Member 13 

The Culebra member of the Rustler has been studied extensively during the site characterization 14 

program. Because it is the most transmissive hydrologic unit in the WIPP site area, it is 15 

considered the most likely hydrologic pathway to the accessible environment for any potential 16 

contamination. 11 

Detailed test results are available for a number of wells completed in the Culebra member prior 18 

to 1983. Results for both single and multiwell hydrologic tests show that the Culebra is a 19 

fractured, heterogeneous system with varying local anisotropic characteristics. Calculated 20 

transmissivities for the Culebra within the WIPP site boundary have a wide range with values 21 

between 9 x 10·2 to approximately 69 &Efl:lare ~ (8.4 x 10 ·3 to 6.4 &Efl:laFe m~ per day, with the 22 

majority of the values being less than 1 &Efl:lare ft~ (9.3 x 10·2 ir> per day. Transmissivities 23 

generally decrease from west to east across the site area. A·.·detailed summary of Culebra 24 

hydrogeology is given in Appendix D6. 25 

Potentiometric surface maps have been constructed using water-level data from area monitoring 26 

wells (see Appendix 06). The Culebra is heterogeneous and anisotropic, and the flow path of 21 

water moving through the Culebra near the WIPP is affected by fractures and variable water 28 

densities caused by compositional variability. Consequently, the regional direction of flow may 29 

have little or no relationship to local flow paths. An interpretation of flow direction in the Culebra 30 

is depicted in Figure E1-8. This map shows the most likely regional flow direction of 31 

groundwater in the Culebra near the WIPP to be predominately to the south. The flow directions 32 

were computed from variable density corrected potentiometric surfaces. The average linear 33 

velocity between the WIPP facility and the southern boundary of the WIPP site is 1.77 x 10·3 ft 34 

(5.0 x 10-4 m) per day. The average linear velocity is based on the 15 wells that are within the 35 

WIPP site boundary. 36 
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1 E 1-6b(5) Hydrology of the Magenta Member 
2 

3 Because the Magenta is generally much less permeable than the Culebra at and near the WIPP 
4 site, less testing of the Magenta has been performed. The hydrologic characteristics of the 
5 Magenta were determined in 15 test holes in the area of the WIPP site. Transmissivities within 
6 the WIPP site boundary calculated from the results of these tests range from 1 x 10-2 to 3 x 10-1 

1 square ft~ (9.0 x 1 O""' square m~ per day. The results of recent testing of the Magenta in wells 
8 H-14, H-16, and DOE-2 indicated that transmissivities were 5.6 x 10-3 square ~ (5.0 x 10""' 
g square m~) per day for well H-14, 2.8 x 10-2 square tr (2.6 x 10-3 square m~) per day for well H-

10 16, and 1.0 x 10-3 square ~ (1.0 x 10-3 square m"> per day for well DOE-2 (see Figure E 1-9 for 
11 well locations). Well H-16 located adjacent to the Air Intake Shaft is not sampled by the Water 
12 Quality Sampling Program l!i§ll::::and is not shown on Figure E1-9. 
13 

14 Water-level data have been collected, and potentiometric surface maps have been constructed. 
15 The direction of groundwater flow at the WIPP site, as estimated from the potentiometric surface 
16 map, is toward the west-southwest, toward the Nash Draw. Potentiometric surface maps and 
11 additional detail on the hydrogeology of the Magenta are provided in Appendix D6. The average 
18 hydraulic conductivity in the Magenta at the WIPP facility was calculated from transmissivity and 
19 aquifer thickness values as 1.18 x 10-3 ft (3.0 x 1 O""' m) per day. The calculated hydraulic 
20 conductivity values and potentiometric contours were used to calculate average linear 
21 groundwater-flow velocity of the Magenta aquifer at the WIPP facility. The average linear 
22 velocity in the Magenta at the WIPP site is 3.18 x 10-5 ft (9.6 x 10-1 m) per day. 
23 

24 E 1-6b(6) Hydrology of the Dewey Lake 
25 

25 Hydrologic investigations at and near the WIPP site have not identified a continuous zone of 
21 saturation within the Dewey Lake. Where saturated conditions exist in the formation, they are 
28 generally in perched or semiperched water tables, and their occurrence is localized. Several 
29 wells believed to be completed in the Dewey Lake are located within several miles (several 
30 kilometers) of the WIPP facility. These wells include Ranch Well, Sam Well, Twin Wells, 
31 Fairview Well, and Unger Well. Of these wells, one is used occasionally by a ranch house for 
32 drinking water (Sam Well at the Mills Ranch), and the remainder supply water for livestock 
33 (Figure E1-9). The spatial distribution of saturated conditions in the Dewey Lake is variable. 
34 The recently drilled monitoring well WQSP-6A, located in the southwestern comer of the WIPP 
35 site boundary, did reveal that the formation was saturated in that location. This well extended 
36 the margin of the local saturated area northward from the Mills Ranch. A down-hole video 
37 survey showed the Dewey Lake to be fractured at this well location. 
38 

39 The Dewey Lake near the WIPP facility and shafts is not saturated and has not produced water 
40 during testing. Four intervals of the Dewey Lake were tested in drill holes at the WIPP site. 
41 Although no saturation was encountered during drilling, ten wells were completed as observation 
42 wells. The data obtained showed that there was no evidence of a zone of saturation in any of 
43 these wells. Additional data concerning the hydrogeologic characteristics of the Dewey Lake are 
44 given in Appendix D6. The unsaturated characteristics of the Dewey Lake of the WIPP facility 
45 does not offer a transport pathway for migration of potential contaminants from the WIPP shafts 
A6 to water-supply wells. 
47 
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At the WIPP site, exploratory holes were drilled through the Gaturia and the Santa Rosa. The 2 

Gaturia and the Santa Rosa occur within 50 ft (15.2 m) of the surface, and little or no water was 3 

encountered in these formations. Only one hole reported a small zone of moisture in the Santa 4 

Rosa, but observation wells completed in the formation were dry. Two private wells (Comanche 5 

and Clifton Wells) located approximately 10 mi (16.1 km) east of the WIPP site produce potable 6 

water from the Santa Rosa, and they are used for livestock watering. 7 

E 1-6c Water Quality 8 

In addition to the study of site hydrology, surface and groundwater quality have been 9 

characterized for two major reasons: f 1) to establish baseline levels of naturally occurring 10 

inorganic solutes, radionuclides, and potential organic contaminants in water prior to waste 11 

emplacement~ and f2) to define the existing use in the area for ground and surface water as a 12 

supply for domestic, industrial, and livestock consumption. The drilling of seven new sampling 13 

wells which better meet the needs of sampling for water quality were completed in 14 

November 1994. Water-quality data from the new wells are expected to strengthen the baseline 15 

and eliminate biases created by the deterioration of the old surveillance well system. 16 

Evaluation of the WIPP site area hydrology and water-quality data indicates that the existing and 11 

potential future use of groundwater in the WIPP vicinity is extremely limited due to nonsaturated 10 

conditions and very poor water quality. Table E1-1 lists the wells that have been sampled as 19 

part of the WIPP 'Nater Q1::1ality Sampling Program (WQSPt and the formation sampled by each 20 

well. The well locations are shown in Figure E1-9. The subsections below describe the general 21 

quality of the groundwater that occurs in the WIPP site area. Groundwater quality data from the 22 

WQSP have been reported annually as part of the Site Envirrmmental Report (Appendix 04). 23 

Detailed discussions of water chemistry for the water-bearing units at the WIPP are given in 24 

Appendix 06. 25 

Rustler/Salado Contact 26 

Based on data from 20 wells sampled in the WIPP vicinity from the Rustler/Salado contact, the 21 

highest concentrations of total dissolved solids (TDS) in the WIPP water-bearing formations were 20 

contained in the Rustler/Salado contact. TDS values ranged from 79,800 milligrams per liter 29 

(mg/L) in well H-07b1 to 480,000 mg/L in well H-01. Sulfates and chlorides of calcium, 30 

magnesium, sodium, and potassium made up the primary dissolved mineral constituents of this 31 

brine. 32 

Culebra Member 33 

The water quality of the Culebra varies greatly. The TDS values range from 2,900 mg/Lat well 34 

H-08b to about 291,000 mg/L at well WIPP-29. These two wells are fairly remote from the site, 35 

but even closer to the WIPP facility, a marked variation in water quality is observed. Well H-02a 36 

is located one-half (0.8 km) west of the site and has a TDS of 13,500 mg/L, whereas 37 

l/!Jijl.ell H-15, which lies ~1: mi <~1:fi km) east of the site, has a TDS of 231,000 mg/L. The 38 
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chemical constituents consist predominantly of chlorides and sulfates of sodium, calcium, 
2 magnesium, and potassium. 
3 

4 Magenta Member 
5 

6 The water-quality data for the Magenta indicate that the water is saline to briny, with TDS values 
1 ranging between 5,460 to 270,000 mg/L. The predominant dissolved species are sodium, 
e calcium, magnesium, chloride, and sulfate. 
9 

10 Surface Water 
11 

12 No surface water occurs in the immediate area of the WIPP site. Several surface-water bodies 
13 located within an approximate 25-mi (40.2-km) radius of the site, such as the Pecos River, the 
14 Laguna Grande de la Sal, and livestock tanks that are fed from surface runoff, are sampled and 
15 monitored for water quality. Data were collected and reported as part of the WIPP Radiological 
16 Baseline Program, the WQSP, and the Ecological Monitoring Program. Surface-water sampling 
11 is now conducted and reported as part of the WIPP Environmental Monitoring Program. 
18 

19 Surface-water samples have been collected at four surface-water bodies near the WIPP site: 
20 Hill Tank, Red Tank, Indian Tank, and the Laguna Grande de la Sal/Laguna Tres (Figure E1-10). 
21 The water chemistry of the three tanks is similar and is a calcium-bicarbonate-type, having a 
22 TDS less than 240 mg/L. The Laguna Grande de la Sal, a saline lake, contains water that is a 
23 sodium-chloride-type with a TDS concentration of 320,000 to 350,000 mg/L. Surface-water 
24 quality data are discussed in more detail in Appendix D6. 
25 

26 E1-7 WIPP Facility Design 
27 

28 The WIPP facility consists of surface and subsurface installations designed to receive, handle, 
29 and safely manage TRU mixed waste in the underground. Several design features, particularly 
30 in the shafts connecting the surface and subsurface operations, are utilized to assure that 
31 groundwater and precipitation do not enter the facility and that no wastes will enter the local 
32 groundwater system during the Disposal Phase. This section summarizes these design features 
33 of the WIPP facility. 
34 

35 E1-7a Shaft Designs 
36 

37 

38 

39 

40 

41 

42 

43 
44 

45 
46 

47 

The WIPP facility design includes four shafts: the Waste Shaft, the Salt Handling Shaft, the 
Exhaust Shaft, and the Air Intake Shaft. Each shaft includes a shaft collar, a shaft lining, and 

liiiilllr•~I~ 
The reinforced concrete shaft collars extend from the surface to the top of the underlying 
consolidated sediments. Each collar serves both to retain adjacent unconsolidated sands and 
soils and to prevent surface runoff from entering the shaft. The shaft linings extend from the 
base of the collar to the top of the salt beds approximately 850 ft (259.1 m) below the surface. 
The shaft lining serves to inhibit water seepage into the shafts from water-bearing formations, 
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such as the Magenta and Culebra members of the Rustler. The liners are also designed to 1 

retain loose rock. The shaft liners are concrete except in the Salt Handling Shaft, in which a 2 

steel shaft liner has been grouted in place. 3 

The shaft key is a circular reinforced concrete section emplaced in each shaft below the liner in 4 

the base of the Rustler and extending about 100 ft (30.5 m) below and into the Salado. The 5 

shaft key functions to resist lateral pressures and to contain the water seals. 6 

Two separate water-seal rings are incorporated in each key. Performance of the seals is 1 

monitored by inspection of the bottom of the key for seepage. If groundwater is detected flowing 8 

past the upper ring, this condition is corrected by injecting chemical sealants or cement grouts 9 

to stop the leakage. 10 

On the inside surface of each shaft, excluding the Salt Handling Shaft, there are three water- 11 

collection rings. The first is located just below the Magenta interval, the second just below the 12 

Culebra interval, and the last at the lowermost part of the key section. These collection rings 13 

function to collect any groundwater that may seep into the shaft through the liner. The 14 

groundwater is piped to the storage tanks located at the station at each shaft. The water is 15 

transported to the surface in portable tanks for disposal. On January 17, 1992, the New Mexico 16 

Environment Department (NMED) issued an approved Discharge Plan to expand the WIPP 11 

sewage facility. The discharge plan allows for the disposal of brine waters in the evaporation 18 

lagoon and the expanded sewage facility, which was completed in January 1993. 19 

E 1-7b Repository Seals 20 

Upon closure of the WIPP facility, permanent shaft seals will be emplaced. Seals may also be 21 

placed in boreholes at the WIPP site. These seals will function primarily to limit any seepage 22 

into the facility from overlying water-bearing units or from infiltration from the surface. In 23 

addition, seals will prevent any contaminated water in the facility from reaching the accessible 24 

environment during the RCRA post-closure care period and beyond (lf.HHilpP@ng!X:i~iii!l[!§r 25 
r~~µ9~i~?w:g!1=:=~11maus11~!~'=· ......................................................... 26 

The general approach taken in the preliminary design concepts for shaft and borehole seals at 21 

the WIPP facility is to limit the inflow of groundwater from formations above the facility level until 28 

the host rock and the backfill encapsulate the waste because of salt consolidation. Water from 29 

other sources, such as saturated interbeds near the facility horizon or from the host salt itself, 30 

may also enter the repository following decommissioning. Although these water sources are 31 

volumetrically less significant, the seal system ~~will be designed to limit inflows and to inhibit 32 

the expulsion of contaminated brines through the shafts upon pressurization due to host forma- 33 

tion consolidation. Existing boreholes will be sealed, thus, they are unlikely to become significant 34 

flow paths. Therefore, borehole seals provide some additional assurance that dissolution will be 35 

ii : 
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47 E1-8 Waste Containment 
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Waste containers isolate the waste during waste emplacement operations and remain effective 
until after panel closure and sealing. Thus, during the disposal operations period, the possibility 
of hazardous constituents migrating into a water-bearing unit, either above or below the 
repository, is extremely remote. By the time the salt creeps sufficiently to breach a container, 
the waste panel will be closed. This guards against migration of any hazardous constituents 

i~'=~~t:t,:a}.01e operating lifetime of the repository (~t1::::e;eiin!!x::::ll::I9:rrn!!!i~!::99::=~ijftm@e 

As stated in the previous section, the shaft seals will prevent migration of any contaminated 
liquid from reaching the accessible environment in the long term. 

2 

3 

4 

5 

6 

7 

8 

9 

The Waste Acceptance Criteria (WAC) for TRU mixed waste destined for management at the 10 

WIPP site specifically restrict the inclusion of constituents that are chemically incompatible. In 11 

addition, the WAC controls the presence of explosives, pyrophorics, gas generators, heat 12 

generators, free liquid forms of waste, and corrosives. Thus, the potential for waste releases in 13 

the facility prior to hazardous waste management unit closure due to waste interactions is 14 

minimal. All materials shipped to and disposed in the WIPP facility must meet these stringent 15 

requirements for stability, compatibility, and physical form to ensure the safety of the repository 16 

when waste comes into contact with the Salado in the hazardous waste management unit first 11 

closed during the Disposal Phase activities. 18 

E 1-.9 Summary and Conclusions 19 

Release of hazardous waste or hazardous constituents from the WIPP site to the accessible 20 

environment via groundwater is unlikely. The most transmissive hydrologic unit in the WIPP 21 

area, and the most likely groundwater transport pathway, would be the Culebra water-bearing 22 

stratum in the Rustler overlying the underground facility. The natural characteristics of the site 23 

and the design of the WIPP facility ensure that there is no potential of hazardous waste or 24 

hazardous constituents reaching the Culebra and subsequently affecting the accessible 25 

environment. These characteristics include site geology, site hydrology, climate, and 26 

groundwater utilization in the WIPP area, as well as the WIPP shaft designs and the waste 21 

container configuration used during the Disposal Phase. 28 

The inapplicability of RCRA groundwater monitoring requirements at the WIPP facility is 29 

determined based on the information provided in the previous sections of this document. The 30 

major points used in this determination are: 31 

• The facility horizon is located 2, 150 ft (655.3 m) below the land surface in the 32 

Salado, which is composed mainly of bedded salt. The salt acts as a very low- 33 

permeability regional barrier isolating the facility from water-bearing units above 34 

and below. The Castile underlying the Salado is also a very thick, low-permeability 35 

evaporite unit that further isolates the facility from underlying water-saturated units 36 

of the Bell Canyon. Drilling additional boreholes through the evaporites below the 37 

facility horizon would act to compromise the isolation characteristics of the 38 

repository. 39 
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• There appears to be little or no infiltration of precipitation deeper than the most 
shallow surface soils at the WIPP site, and no shallow perched saturated zones 
have been detected at the site. The shallowest water-bearing zone in the WIPP 
region is the Dewey Lake. The Dewey Lake is not saturated at the WIPP facility 
and does not represent a viable migration pathway to the accessible environment. 

• The possibility of groundwater reaching the underground facility in quantities 
capable of transporting waste up the shafts to the Culebra or other water-bearing 
units is unlikely. The shafts do penetrate water-bearing units, but the shaft design 
incorporates features designed to minimize and control groundwater inflow to the 
facility and to divert any inflow for collection and disposal during operations. Long
term protection is provided by the salt itself and the final shaft seals. 

• The waste container design, prohibition of free-liquid forms of wastes, and the 
hazardous waste management unit closures will ensure complete control and 
containment of the waste throughout the Disposal Phase activities. 

• No migration pathways or hydraulic gradients exist for the transport of contaminants 
from the disposal facility level via groundwater to the accessible environment during 
the disposal phase and the RCRA post-closure care period. The natural hydraulic 
gradients of all surrounding water-bearing units are toward the facility during the 
disposal and RCRA post-closure care periods, making migration of contaminants 
from the facility horizon to the nearest aquifer impossible. 

25 • Groundwater quality in the vicinity of the WIPP facility, particularly in the Rustler 
26 and the Rustler/Salado contact water-bearing zones, is generally poor. Thus, 

· 21 groundwater from these water-bearing zones is not a resource for domestic, 
28 irrigation, or livestock use. The major groundwater resources in the area, the 
29 Capitan and Ogallala aquifers and surface water, are not hydrologically connected 
30 with the WIPP underground facility or water-bearing units overlying the WIPP 
31 repository. 
32 

33 This document serves as a demonstration that the RCRA groundwater monitoring requirements 
34 are not applicable to the WIPP facility, because they are unnecessary to meet or demonstrate 
35 compliance with environmental performance standards, as described in 20 NMAC 4.1, Subpart V, 
36 §264.601. The groundwater protection information provided demonstrates that, to the best of 
37 the DOE's knowledge, migration via groundwater of hazardous waste or hazardous constituents 
38 emplaced in the WIPP facility is unlikely to pose a threat to the environment. The facility 
39 provides effective isolation of hazardous waste or hazardous constituents from groundwater 
40 sources that would be the most likely pathways to the accessible environment. Because the 
41 DOE has demonstrated that migration of hazardous waste or hazardous constituents to any 
42 water-bearing formations at the WIPP site is unlikely, there can be little potential for hazardous 
43 waste or hazardous constituents to move via these water-bearing formations to water-supply 
44 wells (domestic, industrial, or agricultural) or to surface water. The DOE requests that the NM'iil 
45 15PA Regien e AdministFate~p~cy find that groundwater monitoring, as mandated by "R°(jR)( 
46 for other types of land disposaffad1ltles, is not applicable to the WIPP facility in accordance with 
47 20 NMAC 4.1, Subpart V, §264.90(b)(4). 
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This document demonstrates that, to the best of my knowledge, there is little potential for 
migration of waste emplaced in the WIPP facility to pose a threat to the environment. The facility 2 

provides effective isolation of waste from groundwater sources that would be expected to be the 3 

most likely pathway to the accessible environment. Because it has been demonstrated that there 4 

is very low potential for hazardous waste or hazardous waste constituents to enter any water- 5 

bearing formations at WIPP, there can be little potential for hazardous waste or hazardous waste s 
constituents to move via these water-bearing formations to water supply wells (domestic, 1 

industrial, or agricultural) or to surface water. Groundwater monitoring, as mandated by RCRA, a 
does not appear to be required at this time. As certified by a qualified geologist, this document s 
meets the requirements of 40 CFR Part 264.90(b)(4). 10 

Certified by: (Geologist or Geotechnical Engineer) 11 

12 

(Printed) 13 

(Signature) 
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2 TABLE E1-1 
3 WELLS SAMPLED AS PART OF THE WATER QUALITY SAMPLING 
4 PROGRAM 
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19 

20 
21 

22 

23 
24 

25 
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28 
29 
30 
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34 

35 
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39 
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41 

42 

43 
44 

45 

I Well Name I 
DOE-1 
DOE-2 
H-02a 
H-03b1 
H-03b3 
H-04c 
H-04b 
H-OSc 
H-OSb 
H-06c 
H-06b 
H-07b1 
H-08b 
H-09b 
H-11 b3 
H-12 
H-14 
H-17 
H-18 
P-14 
P-17 
Barn Well 
Clifton Well 
Comanche Wells 
Engle Well 
Fairview Well 
Mobley Ranch Well 
Poker Trap 
Ranch Well 
Unger Well 
USGS-1 
WQSP-1 
WQSP-2 
WQSP-3 
WQSP-4 
WQSP-5 
WQSP-6 
WQSP-6A 
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Water-Bearing Unit I 
Cu le bra 
Culebra 
Cu le bra 
Magenta 
Cu le bra 
Magenta 
Cu le bra 
Magenta 
Culebra 
Magenta 
Cu le bra 
Cu le bra 
Cu le bra 
Culebra 
Cu le bra 
Cu le bra 
Cu le bra 
Cu le bra 
Cu le bra 
Culebra 
Cu le bra 

Dewey Lake 
Santa Rosa 
Santa Rosa 

Culebra 
Dewey Lake 

Cu le bra 
Culebra 

Dewey Lake 
Dewey Lake 

Cu le bra 
Cu le bra 
Culebra 
Cu le bra 
Culebra 
Cu le bra 
Culebra 

Dewey Lake 
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WIPP PART B PERMIT APPLICATION REVIEW 
PROCEDURES TO PREVENT HAZARDS 

CHAPTER F 

GENERAL COMMENTS 

1. The description of the alarm and communications systems in the underground portions 
of the facility addresses only one of the eight waste disposal panels proposed under the 
permit application. The permit application does not include a description of procedures 
to expand these systems as the underground portions of the facility are expanded. 
Revise the permit application either to provide a design drawing showing the proposed 
layout of these systems in the panels that have yet to be excavated, or the permit 
application must include a clear description of the criteria that will be used to properly 
place the alarms and phones as the underground panels are excavated, filled, and 
closed. Refer to Specific Comment Nos. and 19 and 20. 

RESPONSE 

The drawing 73-J-001 shows only the location of mine phones in Panel 1 and other 
existing underground areas. The section depicting Panel 1 will be the "typical" 
arrangement of the other panels. Communication and alarm systems will be arranged 
to meet the requirements of 30 CFR 57. See Specific Comment No. 20 for more detail. 
The text has been revised to clarify this topic. 

***** 

2. As required by 20 NMAC 4.1, Subpart IX, §270.14(6)(8)(iv), Section F-4d must discuss 
procedures to mitigate equipment and power failure. As currently written, the section only 
discusses procedures to mitigate power failure. The permit application must be revised 
to describe how failure of key waste management equipment has been anticipated and 
mitigated. Key equipment includes: the cranes in the contact-handled waste areas of 
the building; all container conveyance equipment, manipulators, and any other equipment 
in the remote-handled waste areas of the facility, particularly the hot-cell; the waste hoist 
system; and ventilation fans. The safety features or safety procedures related to key 
equipment must also be explicitly described in the permit application. Revise the permit 
application to address these issues. Refer to Specific Comment Nos. 30, 31, and 32. 

RESPONSE 

All key waste management equipment has been designed to "fail safe". This means that 
all cranes will retain their load in the event of a power failure. Likewise, forklifts will retain 
their loads upon loss of power. If the loss of power is caused by the loss of off-site 
power, cranes can be manually switched to the diesel generator if needed to land their 
loads. The cranes are designed to withstand the design basis earthquake. This means 
that they are designed to stay on their rails and to retain their loads during such an event. 
Self-powered equipment such as forklifts are inspected prior to use. These inspections 
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include looking for mechanical deterioration. All equipment is on a preventive 
maintenance schedule to ensure equipment remains operable. This has been added to 
the application. 

***** 

3. In accordance with 20 NMAC 4.1, Subpart V, §264.1 S(d), the inspection log or summary 
must include a space to note the nature of and date that repairs, observed to be required 
during a particular inspection event, were performed. None of the inspection sheets or 
inspection instructions in Appendix F1 include such a space to note whether any required 
remedial action was completed. Some of the inspection logs do include space to note 
the number of the work order request form that would be filled out to correct problems 
noted during an inspection. However, the permit application does not identify what 
procedures are in place to ensure that required repairs have been completed and that 
the proper information is recorded in the inspection logs. Revise Chapter F of the permit 
application and Appendix F1 to address this issue. Refer to Table and Figures Comment 
No. 1. 

RESPONSE 

The NMED has correctly stated that repairs are accomplished through the use of a 
process independent of the equipment operator through the preparation of Action 
Requests (ARs). This process is instituted to assure that systems are repaired by 
individuals trained to work on the systems and to assure that the radiological containment 
of the facility is never compromised by the loss or maintenance of a system in need of 
repair. WIPP uses a lockout and tagout procedure (WIPP procedure WP 04-AD3011) to 
assure that a consistent policy is set forth and implemented with regard to working on 
systems that are energized and to assure that all personnel are aware of the condition 
of systems or items undergoing repairs. Normally, the individual inspecting a system is 
not qualified to make repairs and consequently, prepares an AR if repairs are needed. 
Most waste handling equipment cannot be used while it is undergoing repairs or while 
is it tagged out awaiting repairs. Equipment not in use is not routinely inspected unless 
the damage is such that inspections are warranted. 

Waste handling equipment preoperational inspections are typically controlled through 
established equipment log books. Operators are trained to consult the log book to 
identify the status of any piece of waste handling equipment prior to its use. Once a 
piece of equipment is identified to be operable, a preoperational inspection is initiated in 
accordance with the appropriate sheet in Appendix F1 . Since the inspection would not 
be initiated if the equipment were not useable, it is not necessary to note the status of 
ARs on the inspection sheet. The application has been revised to further emphasize the 
use of equipment log books to control equipment and to track the condition of the 
equipment including any outstanding repairs. 

***** 

4. Many of the items presented in Appendix F1 include instructions to enter inspection 
information in a log book, rather than providing the actual forms to be completed. This 
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approach is acceptable, but the specific information required by 20 NMAC 4.1, Subpart 
V, §264.1 S(d) to be included in the log is incomplete. The instructions state that only 
deficiencies that have not been corrected should be included on the inspection log. 
However, all repairs that were completed, including those immediately fixed during an 
inspection, must be recorded. In addition, many of the forms do not require that 
observations of problems be clearly described on the inspection logs. Also, other forms 
do not require that an explanation for a failed equipment test conducted at the end of a 
maintenance check be documented and the equipment subsequently repaired and 
retested. A thorough review of each form must be performed, and Appendix F1 of the 
permit application must be revised to address these issues. Refer to Appendix Comment 
No. 1. 

RESPONSE 

See the response to Comment 3. The NMED has incorrectly assumed that all 
"deficiencies" lead to "repairs". This is not the case. A deficiency may simply be a low 
oil, water, or other fluids. Some deficiencies, an inspector cannot correct. These would 
include any deficiency that requires a repair. The inspector must prepare an AR for such 
repairs and note that the AR was prepared on the inspection sheet and in the equipment 
log book. Deficiencies that may not require an AR, but which the inspector cannot 
remediate also require notation. These would include such items as expired fire 
extinguishers or inadequate battery electrolyte level in batteries. The use of log books 
will be emphasized in the application, however, no changes are proposed to the seven 
entries in Table F-1 or the inspection sheets in Appendix F1. 

Discussions of changes to other sheets in Appendix F1 are provided under the specific 
comment. 

* * * * * 

5. The inspection sheet presented in Appendix F1 entitled, "Surface CH TRU (Contact
Handled Transuranic) Waste Handling Area" raises a number of significant questions. 
These questions affect many of the chapters of the permit application, in addition to 
Chapter F. Revise all applicable portions of the permit application to address waste 
handling activities related to the following: 

• Identify the location, design, and use of the "Bin Leak Test Area." Explain what 
bins are being leak tested and why. 

Explain what is meant by "Enclosed by ALARA Lines." If these are physical 
barriers or entry control procedures, explain why they are not included in the 
description of security equipment, Section F-1. 

• Identify the location, design, and use of the "Shielded Storage Room." Explain 
what waste or other material is stored in this room and for how long. 

• Identify the location, design, and use of the "General Overpack and Repair Room 
Areas" and the "Overpack Enclosure Area." Explain why numerous figures in 
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Chapter B and D specifically exclude the overpack room from being considered 
part of the Waste Handling Building (WHB). 

• Identify the location and use of the "Derived Waste Satellite Accumulation Area." 
Identify the types and volumes of derived wastes that are satellite accumulated. 
Identify the storage location for the wastes once the accumulation limits are 
reached. 

• Identify the location, design, and use of the "Liquid Radwaste Area." Identify the 
source of the radioactive liquid waste and subsequent disposal methods. 
Describe secondary containment provisions. 

• Identify how long TRUPACTs may be stored in the asphalt parking area. The 
inspection sheet in Appendix F1 suggests that waste storage in the asphalt 
parking area may occur for weeks. Describe secondary containment provisions 
for this waste storage area. 

RESPONSE 

This form has been revised. 

***** 

6. . The inspection section of Chapter F does not include inspection instructions or forms 
specifically covering remote-handled mixed waste handling areas to look for structural 
deterioration or spills. Only the equipment in the remote-handled mixed waste handling 
area is addressed in the inspection materials found in Appendix F1. Revise Chapter F 
of the permit application to address inspection of the remote-handled mixed v1aste 
handling areas, in addition to the remote-handled mixed waste handling equipment. 
Refer to Tables and Figures Comment No. 1. 

RESPONSE 

The application has been revised to address inspection of the remote handled area. 
However, the DOE does not plan to inspect the hot cell or the transfer cell while waste 
are in place due to the radiation hazards. These areas will be inspected when all areas 
are emptied of waste during routine maintenance activities. 

• * * * * 

7. There are major discrepancies between the emergency equipment identified in Chapter 
G of the permit application and the emergency equipment identified and included in the 
inspection section of Chapter F. For example, Chapter F does not include a description 
of the hazard prevention features or inspection procedures for the environmental truck, 
the Public Address (PA) van, tool crib, smoke and thermal detectors, radio equipment 
(repeater), among other equipment, which are included in Chapter G. Review the list of 
emergency equipment in Chapters F and G and revise both chapters of the permit 
application for consistency and completeness. Refer to Specific Comment No. 22. 
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RESPONSE 

The DOE has revised the application to assure consistency. This has been accomplished 
by deleting some equipment from Chapter G. Environmental truck, PA van, radio 
equipment operator, have been deleted because they are not used for emergency 
response. Other equipment has been added to Chapter F. In addition, some equipment 
is not inspected since it is used frequently and is subject to periodic maintenance. This 
includes miner's lamps and the gas detection equipment in the tool crib. This equipment 
is maintained until it fails and is replaced as needed. 

***** 

8. Nowhere in Section F-3 is hazard prevention described as it applies to the shafts, waste 
hoist, and personnel elevators. Revise Chapter F of the permit application to provide a 
description of the alarm and safety systems that control the movement of the 
hoists/elevators, clarify whether any communications systems are available in the shafts, 
and whether facility emergency alarms can be heard in the shafts and/or hoists. Ensure 
that all safety equipment is included in the inspection section of Chapter F. 

RESPONSE 

There is detail in Section F-4a regarding the protection of the waste shaft and hoisting 
equipment. No other shafts or elevators are used for the movement of waste. 
Emergency egress hoisting is discussed in Chapter G. The waste hoist is continuously 
mentioned by the control monitoring system and there are FM radio communications 
between the conveyance and the hoist house. These features have been added to the 
application. 

* * * * * 

9. The potential accumulation of explosive gases in the underground is inadequately 
addressed in the permit application. Section F-4g describes only the overall ventilation 
of the underground as the rationale for not performing any monitoring for explosive 
gases. The most important explosive gas control requirements (for diluting and removing 
methane) are in the disposal panels and access drifts, especially after each disposal unit 
is completely filled, but before the seals are fully constructed. (Refer to Specific 
Comments on the Closure Plan, Chapter I, related to this issue.) Revise the permit 
application to include detailed descriptions of the ventilation requirements and means for 
ensuring specified air flow rates through disposal panels and access drifts. Revise the 
permit application to provide a monitoring program for explosive gases in the 
underground areas, and ensure that the program is clearly described in the permit 
application, including the type of equipment and its specific locations, and the inspection 
procedures that will be used to maintain and calibrate the equipment. 

RESPONSE 

The only accumulation of gas that is of concern during panel closure is that gas may 
accumulate behind a panel closure prior to the final facility closure. This accumulation 
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and possible deflagration is discussed in Appendix 11, Section 2.2.3. At all other times, 
the buildup of methane or other flammable gases is prevented by the mine ventilation 
system. The amount of ventilation needed under any circumstances is dictated by the 
Mine Safety and Health Administration (MSHA) rules codified in 29 CFR 57 which 
regulate different flow rates, depending on the nature of equipment being used and the 
amount of human occupancy in an area within the mine. In order to assure safe 
conditions in the underground, the atmosphere in the underground is monitored in 
accordance with written procedures for substances that may be harmful to workers. 
Parameters that are checked, and their alarm levels are as follows: 0 2: 19.5% LOW; 
23.0% HIGH; CH4: 0.25%; CO: 25 ppm; H2S: 10 ppm; S02: 2 ppm; N02: 1 ppm; Cl2: 0.5 
ppm. When alarm levels are reached, administrative action is taken to return the 
atmosphere to a safe condition. With regard to methane, the action level is a factor of 
20 below the explosive limit. 

The gas generation rates in the application are based on test data collected by Sandia 
National Laboratories at several locations. Appendix 013 has been added to the 
application to provide more detail on the source of the gas generation data. Current data 
from longer term testing are not indicating that microbial rates are likely to be even 
smaller than those used in the closure design. These data, however, hav.e not been 
published by Sandia, so that the rate of 0.1 mole is retained in the application. 

The text in Chapter F has been revised to provide greater detail with regard to gas 
monitoring in the underground. 

***** 

10. Section F-5 asserts that TRU-mixed waste " ... that may be created ... " does not exhibit the 
characteristics of ignitability, reactivity, or corrosivity. Therefore, this section of the permit 
application does not address or even mention the expected generation of methane gas 
due to microbial degradation of wastes. According to the "best estimate" of gas 
generation in Chapter I, Appendix 1-1, methane will be generated at a maximum average 
rate of 0.07 moles per drum equivalent per year. When each panel is filled with 81,000 
drum equivalents, methane may be produced or "created" at the rate of 127 cubic meters 
per year. This quantity of methane could result in a total volume of 2,540 cubic meters 
of explosive gas mixture (at 5 percent methane). Methane is not expected to be 
generated uniformly throughout the em placed wastes, raising the possibility that localized 
areas may contain much higher concentrations of methane than the average. 

Two important concerns must be addressed in the revised permit application to resolve 
the issue of methane gas generation and prevention of fires and explosions. First, the 
methane produced from TRU-mixed wastes may be ignitable and reactive hazardous 
waste· according to the definitions in 20 NMAC 4.1, Subpart II, §261.21 (a)(2) and 
§261.23(a)(6), and as indicated in comments provided for Chapter C. The permit 
application contains no information to refute this conclusion. Second, the general 
inspection requirements in 20 NMAC 4.1, Subpart V, §264.15(a) require inspections to 
identify releases of hazardous constituents or conditions that may be a threat to human 
health, and §264.15(c) requires such releases or conditions to be remedied. 
Accumulation of explosive concentrations of methane in disposal units would clearly pose 
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a threat to human health, even if excess releases of other hazardous constituents may 
not occur. Therefore, inspections (monitoring) for methane and means to prevent the 
accumulation of methane (ventilation of disposal areas) must be included in the permit 
application, regardless of the technical regulatory status of methane. Revise the permit 
application to address these concerns. 

RESPONSE 

Methane that is generated as the result of the microbial degeneration of waste materials 
does not meet the statutory definition of a solid waste since it is not contained, it does 
not meet the definition of inherently wastelike, and is not a constituent listed in Appendix 
VIII of 20 NMAC 4.1, Subpart II. The definition a characteristic waste which is reactive 
applies only to solid wastes as defined in the regulations. The DOE agrees that the 
general inspection requirements apply to any conditions that are created by the waste 
that would pose a threat to human health and the environment. This would include the 
generation of gases that, if not properly controlled, could lead to fires or explosions. It 
is for this reason that the DOE has conservatively interpreted gas generation rates as 
applying to the conditions that exist in a closed panel as discussed in Chapter D and 
Chapter I and has engineered a passive explosion isolation component into the panel 
closure system. This closure will be used whenever the DOE determines that an 
explosion could occur in a closed panel prior to the installation of the final facility 
closures. 

During operations, and in areas outside of closed panels, the presence of methane from 
any source is regulated by the MSHA and by DOE's own regulations for protection of 
workers, the public, and DOE property. As the result, the DOE checks for methane in 
the underground every day that personnel are underground and takes action to mitigate 
any accumulations of methane. Control of methane and any other deleterious gas is 
easily manageable by ventilation changes (volume, location). 

As discussed above, additional detail has been added to the application to deal with this 
matter in Section F-49. 

* * * * * 

11. A number of monitoring programs are identified in Section D-9e(1) that are ongoing at 
the WIPP, but Chapter F does not address these programs. The equipment that is used 
to perform monitoring to detect and respond to or prevent hazards must be explicitly 
included in the permit application, including routine equipment maintenance and 
calibration. Revise Chapter F to discuss all hazard prevention procedures including a 
clear description and purpose of each monitoring program, the specific equipment that 
is used, and the inspection procedures to maintain and calibrate the equipment that will 
be used. Clearly identify those monitoring programs that are relying on a co-detection 
approach (i.e., those where monitoring of radioactivity only is performed as an indicator 
of potential release of hazardous constituents as well). These co-detection (radioactive) 
monitoring programs must be included in the RCRA permit application. Revise Chapter 
F of the permit application to include these programs. Monitoring programs which may 
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be addressed in the revised Chapter F of the permit application include, but are not 
limited to, the following: 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Geomechanical Monitoring 
Air Monitoring 
Aerosol Sampling 
Ambient Radiation Monitoring 
Radiological Soil Monitoring 
Hydrologic Radioactivity Monitoring 
Surface-Water and Sediment Monitoring 
Biotic Radioactivity Surveillance 
Nonradiological Environmental Surveillance 
Meteorological Monitoring 
Water-Quality Monitoring 
Wild-life Population Monitoring 
Aerial Monitoring 
VOC Monitoring 
Groundwater Monitoring 

RESPONSE 

The numerous monitoring programs discussed in Chapter D were added at the request 
of the NMED. All but one of these programs are aimed at determining the presence of 
radionuclides in the environment above background levels. These programs are not used 
to determine the presence of hazardous constituents for a number of reasons, not the 
least of which is there would be no way to determine the source of hazardous 
constituents found in offsite environmental receptors. Instead, the DOE prevents the 
release of hazardous constituents (other than volatile organics which are discussed in 
Chapter D) via the soil, groundwater, and surface water pathways. 

Only the geomechanical monitoring program is applicable to the RCRA permit application 
and it is discussed in Chapters D and G. 

Co-detection is used to detect spills and releases of hazardous waste that would not 
otherwise be detectable (e.g., not visible). Co-detection provides a sensitive means of 
determining the possible presence of hazardous waste in areas where radioactive 
contamination is also detected. The principle of co-detection is implemented through the 
radiological monitoring program which is included in Tables F-1 and F-2. The application 
has been revised to tie this program to co-detection in Table F-2. 

Section F-2a(3) has been added to discuss monitoring systems. 

* • • * • 
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WIPP PART B PERMIT APPLICATION REVIEW 
PROCEDURES TO PREVENT HAZARDS 

CHAPTER F 

SPECIFIC COMMENTS 

1. Chapter F, Introduction, Page F-1, Line 29. 

Further detail is required regarding the procedures to establish a Controlled Area (CA) 
when Transuranic (TRU) mixed wastes are handled. Revise the permit application to 
explain how the CA is established, where it is established, and how the boundaries of this 
area are communicated to other WIPP site personnel. 

RESPONSE 

The application has been revised to define the controls that will be used to prevent 
inadvertent entry into waste handling, storage, or disposal areas within the WH8, the 
parking area storage unit, or the underground disposal areas. This includes the 
establishment of controlled areas. The text has been clarified to explain the criteria for 
a controlled area and to indicate that DOE specified signs are posted at entrances to 
controlled areas. 

* * * * * 

2. Chapter F, Section F-1a(1), 24-Hour Surveillance System, Page F-2, Line 6. 

Section F-1.a(1) states that continuous monitoring of the entire facility (all 16 sections) is 
performed. "Continuous monitoring" would imply that either guards are stationed 
throughout the entire facility or that surveillance equipment is placed such that remote 
monitoring of the facility on a continuous basis is possible. Clearly this is not the case. 
Revise the wording of Section F-1 a(1) to accurately reflect the frequency of patrols of 
various fenced and unfenced areas of the facility. 

RESPONSE 

The text has been revised to indicate that continuous surveillance applies only to the 
active portion of the facility which is the Property Protection Area. 

* * * * * 

3. Chapter F, Section F-1a(1), 24-Hour Surveillance System, Page F-2, Lines 9-10. 

The figure numbers on page F-2 are incorrectly referenced. Revise Lines 9 and 10 to 
refer to Figure 8-7 (not Figure 8-6), and to reference Figure 8-6 (not Figure 8-3). 

9 



RESPONSE 

The figure references have been corrected. 

***** 

4. Chapter F, Section F-1a(1), 24-Hour Surveillance System, Page F-2, Lines 14-17. 

The description of security procedures in terms of security forces on-site at one time and 
frequency of patrols lacks detail. Revise Section F-1a(1) of the permit application to 
identify the number of patrol teams and the frequency that the fenced and unfenced 
portions of the site are patrolled. Clarify in the permit application whether only the 
outdoor portions of the facility are patrolled or whether the indoor areas are also 
inspected for unauthorized personnel. 

Revise the permit application to clarify whether there are any special control or check-in 
procedures necessary to access the Waste Handling Building (WHB), the parking area 
adjacent to and due South of the WHB ("parking area"), or the underground portions of 
the facility. 

RESPONSE 

The application has been revised to state that single patrols are sent out at a minimum 
of twice every 12 hour shift for the unfenced areas and every two hours within the PPA. 

The application has been revised to define the controls that will be used to prevent 
inadvertent entry into waste handling, storage, or disposal areas within the WHB, the 
parking area storage unit, or the underground disposal areas. 

* * * * * 

5. Chapter F, Section F-1a(2)(a), Barrier, Page F-2, Lines 29-35. 

The description of barriers refers only to the surface facility. Revise Section F-1 a(2)(a) 
to identify any Hazardous Waste Management Unit (HWMU) specific controls. Explain 
how access to the WHB, the "parking area", and the underground are controlled (e.g., 
by locked doors, etc.) so that unauthorized personnel will not enter these areas. Revise 
the permit application to address access controls pertinent to when waste is actively 
being managed and when no waste management activities are being conducted. 

RESPONSE 

The application has been revised to define the controls that will be used to prevent 
inadvertent entry into waste handling, storage, or disposal areas within the WHB, the 
parking area storage unit, or the underground disposal areas. 

* * * * * 
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6. Chapter F, Section F-1a(2)(b), Means to Control Entry, Page F-2 Line 39. 

The permit application discusses entry control relative to the Property Protection Area 
(PPA), but not the HWMUs. Revise Section F-1a(2)(b) of the permit application to 
address HWMU specific entry controls; specifically how unauthorized personnel are 
prohibited from entering the WHB, the "parking area", and the underground. 

Figures G-6 and G-8 show a number of emergency exit gates in the fence surrounding 
the PPA. Revise Section F-1 a(2) of the permit application to discuss methods to control 
access at these gates, including a description of how these gates are unlocked on a 
timely basis in an emergency event. 

RESPONSE 

The application has been revised to define the controls that will be used to prevent 
inadvertent entry into waste handling, storage, or disposal areas within the WHB, the 
parking area storage unit, or the underground disposal areas. 

The normally locked gates are used for two primary purposes. In an emergency requiring 
an evacuation, these gates may be opened if they provide the safest route of evacuation. 
In this case, the security protective force is notified by the facility shift manager or by the 
CMR operator (at his direction) to open the appropriate gate. The other circumstance 
requiring opening one of these gates is to haul mined salt to the salt disposal pile. In this 
case, a security protective force member is stationed at the gate to allow passage of the 
salt truck. This is the only traffic that is allowed to use the gate. All others must use the 
main gate. Revisions were made to Chapter F regarding this comment. The text in 
Section F-1 a(2)(a) includes these gates. 

* * * * * 

7. Chapter F, Section F-1a(3), Warning Signs, Page F-3, Line 6. 

For consistency, the term "Zone 1" should be replaced with "Property Protection Area," 
since page 8-11 states that "Zone 1" is no longer used. Revise the permit application, 
where applicable, to address this. 

RESPONSE 

The section has been evaluated regarding the use of the term "Zone I" and appropriate 
revisions made. 

* * * * * 

8. Chapter F, Section F-1 a(3), Warning Signs, Page F-3, Lines 6-11. 

Revise the permit application to clarify whether there are any HWMU specific warning 
signs at the exterior of the WHB, the "parking area", or the entrance shafts to the 
underground. 
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RESPONSE 

Warning signs will be placed in the areas suggested. The application has been revised 
appropriately. 

***** 

9. Chapter F, Section F-2, Inspection Schedule, Page F-4, Line 5. 

Revise the permit application to identify the specific controlled document locations where 
inspection records will be maintained. 

RESPONSE 

As stated in the text, the controlled document locations contain the inspection 
procedures. The results of inspections (forms, entries in log books, copies of work 
orders) are maintained by the responsible organization shown in Table F-1. This has 
been clarified in the text. 

***** 

10. Chapter F, Section F-2, Inspection Schedule, Page F-4, Lines 8-11. 

Contrary to the statement on Page F-4, lines 8-11, all of the inspection instructions and 
forms provided in Appendix F1 do not include inspector signature, date, time, frequency, 
or what to do if an item fails inspection and directions on routing for recordkeeping, as 
indicated in the text of the permit application. Refer to General Comments 3 and 4 
above, and Table and Figure Comment No. 1 for specific deficiencies. Revise the permit 
application text description of the inspection logs to accurately reflect the content of all 
support material that is provided. 

RESPONSE 

The appropriate revisions have been made to the example inspection forms in Appendix 
F1. In addition, Section F-2 has been revised to include a description of equipment log 
books which support inspections of some equipment. 

* * * * * 

11. Chapter F, Section F-2, Inspection Schedule, Page F-4, Lines 23-29. 

The procedures to test, repair, and document calibration or repair are not understandable 
as presented on page F-4 of the permit application. The "Plan of the Day" document is 
reportedly used to indicate what specific equipment is scheduled for routine inspection 
or testing that day. However, it is not clear how the Plan of the Day clearly indicates to 
staff performing the inspections that the specific equipment has been identified for repair 
or replacement in a previous inspection. Revise the permit application to provide a more 
detailed description of the information provided in the Plan of the Day, including how it 

12 



is cross-referenced to previous inspection logs/forms and any work request forms or 
radiation work permits. 

RESPONSE 

More detail has been added explaining the relationships between the inspections, the 
preparation of work requests, and the computerized maintenance management system. 
The Plan of the Day is used to discuss plans for repair activities and assure plant 
availability for repairs/maintenance. 

***** 

12. Chapter F, Section F-2, Inspection Section, Pages F-4 to F-5. 

The WHB is required to manage waste as a container storage unit. Currently, inspection 
forms for the WHB address only the contact-handled waste portions of the building. 
Revise Section F-2 of the permit application to include inspection of the remote-handled 
waste portions of the building. Also, address inspection requirements for the proposed 
"parking area" container storage unit. See also Chapter F, General Comments 5 and 6. 

RESPONSE 

The inspection sheet for Surface TRU Mixed Waste Handling Area has been added to 
the application in Appendix F1. 

***** 

13. Chapter F, Section F-2, Inspection Section, Section F-2a, General Inspection 
Requirements, Page F-5, Lines 2-3. 

The permit application implies that loading/unloading areas are required in accordance 
with 20 NMAC, Subpart V, §264.15(b){4} to be inspected daily when in use, but the 
inspection forms in Appendix F1 for the CH TRU Waste Handling Area indicate that the 
asphalt areas where TRUPACTs may be temporarily stored prior to unloading are 
inspected only on a weekly basis. Revise the permit application to address this 
discrepancy. 

RESPONSE 

The text has been clarified to indicate that the specific reference to loading and unloading 
areas and the Waste Handling Building where TRU waste are handled. 

***** 
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14. Chapter F, Section F-2, Inspection Section, Section F-2a, General Inspection 
Requirements, Section F-2a(1 ), Types of Problems, Page F-5, Lines 20-24. 

Claiming that calculated VOC air concentrations are below American Conference of 
Governmental Industrial Hygienists (ACGIH) Threshold Limit Values (Tl Vs) and are 
therefore protective of public and worker health is a misapplication of TL Vs. The TL Vs 
are designed to protect healthy workers that are generally exposed to eight hours per 
day. The TLVs should not be construed to be automatically protective of the general 
population, particularly sensitive populations (e.g., the elderly, children, etc.) who may be 
exposed. Revise the discussion in Section F-2a of the permit application to describe 
protection of the general public from Volatile Organic Compound (VOC) releases. 

RESPONSE 

The reference to the Tl Vs has been deleted and a cross reference to Table D-2 added. 

***** 

15. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(1 ), Internal Communications, Page F-8, Lines 6-11. 

In accordance with 20 NMAC 4.1, Subpart V, §264.32(a), revise the permit application 
to clarify whether the internal communications systems can be used to communicate with 
personnel in the outdoor portions of the facility. Also, revise the permit application to 
identify the individuals to whom two-way radios are issued and to clarify when the 
two-way radios would be used. In particular, revise the permit application to discuss how 
the two-way radios would be used to provide timely notification of an emergency incident. 

RESPONSE 

The use of radios is discussed in Section G-4a. Radio is the primary way of reaching the 
Facility Shift Manager (FSM) in the event of an emergency. If he is unavailable by radio, 
the Public Address System and plectrons are available. Emergency response team 
members are notified via the pager system or the PA system. 

Radios are used for a number of organizations on site including Security, Facility 
Operations, Emergency Management, Engineering, and Environmental Monitoring. The 
Emergency Services Technicians and the FSM have radios and are in continuous contact 
with the CMR. 

A cross reference to Chapter G has been included. 

***** 
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16. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(1 ), Internal Communications, Page F-8, Lines 28-32. 

Revise the permit application to clearly identify which areas of the facility use plectrons 
for internal communications. Also revise the permit application to include a facility 
diagram showing the location of this equipment, or discuss why such a diagram is not 
provided. 

Revise the permit application to identify the location of the radio operator who has access 
to the security codes necessary to use the pagers and plectrons. Explain how the radio 
operator will coordinate with emergency response personnel (i.e., the Control Room 
Monitoring Operator and/or the Emergency Coordinator) to communicate with office 
wardens and other facility personnel during an emergency incident. 

RESPONSE 

As indicated in Chapter G, plectrons are located in areas where the PA system is not 
audible. They are relocated, as needed, when the configuration of the buildings, offices, 
etc., changes. Plectrons are not used for 2-way communication, only notification. 

The CMR operator has the codes to notify all emergency response personnel. The 
coordination of communication is discussed in Section G-4a. A cross reference has been 
added. 

***** 

17. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(1 }, Internal Communications, Page F-8, Lines 38-39. 

The description of the mobile phone communications is insufficiently detailed. Table G-2 
(page G-36) states that mobile phones are issued to emergency vehicles, the 
environmental truck, and the public address van to provide communication with WIPP 
Security. Revise Section F of the permit application to include a description of mobile 
phone capabilities. 

RESPONSE 

The units referred to in this text are radios not phones. The text has been clarified. 

* * * * * 

18. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(1 ), Internal Communications, Page F-9, Line 1. 

Line 1 states that the Public Address (PA) system has two alarm tones, but only the 
evacuation tone is discussed. Revise the permit application to explain under what 
circumstances the second PA alarm tone is used. 
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Also revise the permit application to clarify the number of separate alarm sounds that 
may be heard at the facility. Page G-6, line 40 mentions fire and radiation alarms as 
examples of facility alarms, and page G-9, lines 1-4, describe the evacuation system 
alarm sound, Explain why section F-3a(1) identifies only two alarm tones. 

Table G-2 (page G-36) identifies a public address van. Revise the permit application to 
include the use of this van included in the Section F-3a(1) description of internal 
communications equipment, or discuss why the use of this van is not included. 

RESPONSE 

The application has been revised to include a description of both the yelp and gong tones 
that may be broadcast over the PA system. ln addition, fire alarms are discussed. 

The PA van is not used for emergency response or for waste handling. Reference to the 
PA van and the environmental truck have been deleted. 

***** 

19. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(1 ), Internal Communications, Page F-9, Lines 6-7. 

Section F-3a(1) states that the evacuation alarm can be manually activated in the 
underground areas. Table G-2 (page G-35), however, describes the underground fire 
alarm and site evacuation systems as being automatic only. Clarify how the alarm 
systems function in the underground areas of the facility, and revise Chapters F and G 
of the permit application so that they are consistent. 

RESPONSE 

The evacuation alarm and fire alarm can be initiated either manually or automatically by 
other portions of the system. Table G-2 was changed to reflect both automatic and 
manual operation. 

* * * * * 

20. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(1), Internal Communications, Page F-9, Lines 18-19. 

Page F-9 states that the mine phones are moved periodically so that they are close to 
work areas. In addition, drawing 73-J-001 shows only the location of mine phones in 
Panel 1 (and other underground areas where waste disposal will not be performed). 
Revise the permit application to explain what criteria will be used to determine when mine 
phones must be moved and identify the minimum spacing of mine phones (as well as 
other alarm communication systems) that will be required as Panels 2 through 8 are 
constructed. 
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RESPONSE 

The drawing 73-J-001 shows only the location of mine phones in Panel 1 and other 
underground areas where waste disposal will not be performed. The section depicting 
Panel 1 will be the "typical" arrangement of the other panels. 

Communication and alarm systems will be arranged to meet the requirements of 30 
CFR 57. Telephones or other two-way communication equipment with instructions for 
their use will be provided for communications from underground to the surface. These 
communications are typically moved to ensure communications are maintained close to 
the work areas. Alarm systems capable of promptly warning every person underground 
will be provided and maintained in operating condition. If persons are assigned to work 
areas beyond the warning capabilities of the system, provisions will be made to alert 
them in a proper manner to provide for their safe evacuation. Typically, these provisions 
include a flashing light capable of being seen easily. 

***** 

21. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(2), External Communications, Page F-10, Lines 8-12. 

Revise the permit application to clarify the capabilities and number of plant radio stations, 
but page F-8 states that there are three stations. Page F-10 states that there are only 
two stations. Revise Section F-3a to clarify whether there is a base radio station at the 
Control Monitoring Room that is capable of being used for communications with agencies 
outside the WIPP facility. 

RESPONSE 

Only the stations in the Guard and Security Building and the EOC are used for 
communications with offsite agencies. The text has been revised to clarify this. 

* * * * * 

22. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3a(3), Emergency Equipment, Page F-10, Lines 19-27. 

The location of emergency response equipment at the facility is poorly described both in 
Chapter F and Chapter G of the permit application, as it is generally impossible to 
determine where the equipment is located or stored. Locational drawings are provided 
only for communications systems and fire sprinkler systems in the aboveground areas 
and some of the emergency vehicle, communication, fire alarm, and fire extinguishing 
equipment in the underground. In accordance with 20 NMAC 4.1, Subpart V, §264.32(c), 
revise the permit application to clearly show the location of all spill-control and 
decontamination equipment, fire extinguishers, alarm pull boxes, first-aid kits, emergency 
showers and eyewashes, personal protective gear, and any other emergency response 
equipment that is immediately available to facility personnel in the vicinity of the WHB, 
the "parking area", and the underground. For equipment that must be transported to the 
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RCRA units in an emergency, revise the permit application to provide a clear text 
description or a drawing showing the storage location of this equipment (e.g., fire trucks, 
rescue trucks, ambulances, HazMat trailer, first aid room, underground cabinets, etc.). 

The capabilities and equipment available in the Control Monitoring Room (CMR) must be 
identified. Page G-6, lines 36-39 briefly mentions the monitoring equipment for which the 
Central Monitoring Room Operator (CMRO) is responsible. Revise Chapter F to provide 
a complete list of each of the mechanical, electrical, and radiological monitors that the 
CMRO oversees, including the number of monitors, their location, and the specific activity 
or upset condition for which they monitor. 

RESPONSE 

The location of emergency equipment is discussed in Chapter G and is not repeated in 
Chapter F. The alarms for which the CMR Operator is responsible are enumerated in 
Table F-3. Alarms are placed throughout the facility and are linked to the CMR where 
they are monitored by a central processing unit and are statused on display terminals. 

***** 

23. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3b, Aisle Space Requirement, Page F-12, Lines 1-11. 

The referenced Figure D-2 does not demonstrate that adequate aisle space will be 
maintained in the WHB. In fact, none of the figures provided with the permit application 
clearly identify where both contact-handled or remote-handled waste containers will be 
stored while awaiting paperwork verification or discrepancy resolution (which may take 
up to 30 days), or where containers will be staged while awaiting transfer to the 
underground (including times when abovegmund operations are backed-up due to 
problems with equipment used for underground transfer). It is also not clear where 
derived wastes are stored or where satellite accumulation areas in the WHB are located. 
Therefore, it is impossible to determine whether adequate aisle space is available at the 
facility with respect to waste management activities. Revise the permit application text 
to clearly identify the minimum acceptable aisle space and describe procedures to ensure 
this aisle space is maintained. Provide figure(s) showing the location of all containers 
and equipment storage or staging areas to demonstrate that adequate aisle space is 
available. 

Also, provision of aisle space is discussed only with respect to contact-handled waste. 
Revise Section F-3b to discuss aisle space provisions with respect to remote-handled 
waste. 

RESPONSE 

The provision for aisle space for CH and RH TRU waste are discussed in Section D-
1 a(2)(a). Since the WHB will be permitted as a container storage area, the DOE does 
not propose to use satellite accumulation areas. Instead, derived waste containers (likely 
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SWBs) will be stationed in the vicinity of the TRUDOCKS for the accumulation of derived 
waste. A reference to Chapter D has been added to the text. 

***** 

24. Chapter F, Section F-3, Waiver or Documentation of Preparedness and Prevention 
Requirements, Section F-3b, Aisle Space Requirement, Page F-12, Lines 15-23. 

Complete ventilation of the underground area, including all open panels, is required to 
prevent the accumulation of potentially explosive gases. The permit application does not 
address issues related to the type and location of ventilation system equipment in the 
underground, including ensuring access (i.e., aisle space) and adequate air flow to the 
ventilation equipment. Revise the permit application to clearly describe access 
requirements for the ventilation equipment and procedures to ensure adequate air flow 
throughout the underground areas. 

RESPONSE 

It is not clear what the NMED means by the term "complete" in reference to ventilation. 
Ventilation of the WIPP underground is necessary in order to effectively sweep the 
working areas of dust, to dilute toxic gases, to dissipate heat, and to provide a 
comfortable working environment to underground personnel. In addition, ventilation is 
required to maintain the necessary differential pressures between the various areas of 
the underground. 

The basis for underground ventilation requirements are established in 30 CFR 57, Health 
and Safety Standards-Underground Metal and Nonmetal Mines, and are incorporated into 
the system design and the WIPP Mine Ventilation Plan (copy attached to these 
responses). 

The following has been added to the text of the application: 

"Proper airflow distribution to all areas of the underground is achieved through a multi 
step process. Test and balances of the underground ventilation system are conducted 
on a periodic basis with the frequency depending on changes that are occurring in the 
configuration of the underground. These tests and balances physically measure airflow, 
pressure and system resistance. Computer modeling is performed to determine the 
configuration necessary to achieve any desired underground airflow distribution. 
Administrative procedures are used as the means of assuring control of the configuration 
of the ventilation control devices such as bulkheads, doors, fans, and air regulators 
needed to achieve the desired configuration. Underground Facility Operations makes 
daily checks of air quality in all parts of the repository where personnel will be working. 
Air quantity checks are made on an as needed basis as changing conditions warrant 
such checks." 

***** 
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25. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4a, Unloading Operations, Page F-13, Lines 6-13. 

The discussion of pallets on page F-13 overly simplifies the types of containers and 
container groupings that may occur prior to transport underground. Only seven-packs 
and standard waste boxes are identified; Section D also mentions four-packs, ten-packs, 
and overpacks. Stacking procedures are also not described. Revise Section F-4a of the 
permit application to be consistent with information in Chapter D relative to container 
types and groupings, and to describe any special loading/ unloading procedures that may 
exist for particular container types or groupings. 

RESPONSE 

The text has been modified to list all waste container configurations. Mention is also 
made that the containers can be handled individually, if needed, using a forklift. 

***** 

26. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4b, Runoff, Page F-15, Lines 1-7. 

As container storage areas, the WHB and "parking lot" are required to provide secondary 
containment. Revise Section F-4b to describe the secondary containment provisions of 
these units. 

RESPONSE 

A reference to the secondary containment discussions in Chapter D has been included 
in the text. 

***** 

27. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4b, Runoff, Page F-15, Lines 18-22. 

The permit application only addresses spills occurring in the center portion of the WHB. 
The description of the maximum extent of a spill on page F-15 fails to address the impact 
of a spill that occurs in the "parking lot", near a doorway to the outside of the WHB, or 
in route (i.e, in the waste shaft) to the underground portions of the facility. Additionally, 
for completeness and consistency, a discussion of containment of underground spills 
enroute to the disposal room should be included in Section F-4b. Revise the permit 
application to address these issues. 

RESPONSE 

No spills can occur in the parking area because shipping containers are never opened 
in these areas and the design and construction of these containers preclude spills even 
under the severest of conditions. Spills or leaks can only occur from the point where the 
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waste is unloaded at the TRUDOCKs to the point where it is emplaced in the waste 
disposal room. Secondary containment is provided in the container storage areas by the 
WHB floor as discussed in Section D-1 a(4). In the underground, the excavation will 
contain any spills or releases. Should such occur, the mitigation would be controlled by 
the contingency plan. No changes were made to the application since these topics are 
covered elsewhere. 

***** 

28. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4b, Runoff, Page F-16, Line 24. 

Revise the permit application to explain why it is considered unnecessary to inspect 
flood-control structures after a major precipitation event. Typically, flood-control 
structures would be inspected for deterioration or accumulated debris. Revise Section 
F-2 (covering inspections) and Section F-4b to address this issue in further detail. 

RESPONSE 

The text already indicates that the annual inspection frequency is based on the 
experience already gained with these structures and the climatic conditions in the area. 
In addition, the last line in the paragraph indicates that inspections will occur after severe 
natural events. The text has been modified to indicate that this includes severe storms. 

* * * * * 

29. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4d, Equipment and Power Failure, Page F-17, Lines 22-24. 

Revise the permit application to identify the "important" monitoring systems and facility 
electrical loads that are backed up with generators and Uninterruptible Power Supply 
(UPS) units. Discuss within the permit application whether human health and the 
environment will not be jeopardized by a loss of utility electrical power in the waste 
management and support areas of the facility. 

RESPONSE 

Additional information has been added to the application regarding the backup power 
sources and the UPS. In addition, a description of how human health and the 
environment are protected is included. 

* * * * * 

30. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4d, Equipment and Power Failure, Page F-17, Lines 36-37. 
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Since it may take up to 30 minutes to bring diesel generators on-line, revise the permit 
application to discuss the implications of this delay on ventilation in the underground 
areas of the facility and the operation of personnel hoists in the event of evacuation. 

RESPONSE 

Mine Safety and Health Administration requirements require the evacuation of the 
underground within 60 minutes of a power failure. Underground personnel congregate 
in designated areas (as discussed in Chapter G) to await evacuation. These areas are 
selected to assure sufficient fresh air while awaiting evacuation. No impacts are 
expected as the result of the up to 30 minute delay. The 60 minute requirement has 
been added. 

***** 

31. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4d, Equipment and Power Failure, Page F-18, Lines 14-16. 

Revise the permit application to clarify what equipment is defined as "local processing 
units." Also, it is unclear exactly what equipment will continue to function under power 
from the central Uninterruptible Power Supply (UPS) unit that covers the WHB; revise the 
permit application to clarify this. 

Also, revise the permit application to clarify what specific equipment will continue to 
function in the underground areas powered by a local UPS unit. Revise the permit 
application to also identify the location of the UPS unit(s) that services the underground. 

RESPONSE 

Local Processing Units are part of the central monitoring system. The text has been 
revised to discuss the use of uninterruptible power sources in the context of the system 
and reference to local processing units have been deleted. 

The specific equipment that is maintained by the UPS is listed as the radiation 
monitoring, the communications, and the central monitoring systems. These systems 
have components both on the surface and in the underground. 

* * * * • 

32. Chapter F, Section F-4, Preventive Procedures, Structures, and Equipment, Section 
F-4d, Equipment and Power Failure, Page F-18, Line 20. 

The connection between the Control Monitoring Room (CMR), the control UPS, the 
central UPS (line 12), and the individual UPS (line 15) is unclear. Revise the permit 
application to provide a clearer discussion of the interconnection of the various power 
backup systems. 
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RESPONSE 

The application has been revised to remove this confusion as discussed in the response 
to comment 31. 

***** 
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COMMENTS: TABLES AND FIGURES 

1. Chapter F, Table F-1, Inspection Schedule, Pages F-23 through F-26. 

The permit application includes numerous discrepancies between Table F-1 and 
Appendix F-1, as well as technical issues that must be addressed, including: 

A. Revise the permit application to explain why the stormwater control berms are 
inspected only on an annual basis. The berms should be inspected after major 
precipitation events for evidence of deterioration or debris accumulation. 

RESPONSE 

The frequency is established through experience. These structures have been 
completed for nearly 10-years and annual inspections have proven to be 
adequate. The table footnote a has been revised to add that inspection after 
severe natural events occurs for some structures. This includes berms after 
severe storms. 

***** 

8. Also, the inspection sheets in Appendix F1 indicate that the emergency eye 
washes and showers are to be tested weekly to flush lines and verify flow, but 
Table F-1 identifies only monthly inspection of this equipment. Revise the permit 
application to resolve the discrepancy. 

RESPONSE 

The emergency eyewash stations are inspected weekly for function and fluid level 
(for self-contained units), and cleanliness. Weekly inspections are the 
responsibility of the landlord of the area where the equipment is used. He may 
delegate this responsibility. These are documented on a tag that hangs on the 
unit. Deficiencies are written up on a separate form and reported to the industrial 
hygienist. Inoperable or dirty units will be removed and operations for which the 
unit is needed will be suspended until it is repaired or replaced. On a semi
annual basis, all stations are serviced by the Industrial Hygienist, including a 
changeout of water in self-contained units. No form is associated with the semi
annual activity since it is not an inspection. The obsolete form has been deleted. 

***** 

C. Appendix F1 does not include inspection log sheets or instructions :or inspecting 
the dry chemical fire suppression system. Revise the permit application to 
provide an inspection log or instruction sheet that clearly identifies the types of 
problems that may occur. 
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RESPONSE 

The Bar Code Management System was implemented by the Fire Protection 
Program to enhance the inspection, testing, and maintenance of portable fire 
extinguishers located on surface, underground, and in-town facilities. The bar 
code system for inspection recordkeeping is recognized by National Fire 
Protection Association (NFPA) 10, Standard for Portable Fire Extinguishers, 
Section 4-3.4.3. The system permits accurate recordkeeping and accountability 
for inspections of portable fire extinguishers. Maintenance activities are tracked 
through the database. Inspections are performed by Emergency Services 
Technicians (EST's) using a hand held Micro-Wand bar code scanner. Upon 
completion of inspections, data are transmitted from the scanner into a computer 
database. Various reports on inspections and maintenance of the extinguishers 
can be generated through use of the software program. A file of inspection 
activities is maintained by the Fire Protection Program. 

There is a single dry chemical suppression system at the underground fueling 
station. This system is inspected using the same form as the one used for fire 
alarms and detection systems. This entry in Table F-1 has been clarified. 

***** 

D. Appendix F1 also does not include an inspection log or instructions for inspecting 
negative and positive pressure respirators. Additionally, the forms in Appendix 
F1, which cover only SCBAs, indicate that weekly inspections are performed, in 
addition to the monthly inspections identified on Table F-1. Revise Chapter F to 
address these discrepancies. 

RESPONSE 

Both weekly and quarterly inspections are performed. The table has been 
updated. Negative and positive pressure respirators have been deleted. 

* * * * * 

E. Appendix F1 does not include an inspection log or instructions for inspecting 
facility radios, including both hand-held and base station radios. The material 
provided in Appendix F1 covers only pagers, PA system, and plectrons. Revise 
the permit application to resolve this discrepancy. 

RESPONSE 

Radio equipment is not formally inspected at the WIPP site. The WIPP 
Information Resource Management (IRM) organization is responsible for obtaining 
licenses and frequencies for radios and they maintain a contract with a vendor for 
repairs. When repairs are needed, the frequencies are also checked. Radios are 
operated daily, and many are used in day-to-day operations. If they fail, they are 
submitted to IRM for repair. 
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***** 

F. Appendix F1 does not include an inspection log or instructions for inspecting the 
rescue truck and related supplies and equipment. Only a title cover sheet is 
provided. Revise the permit application to provide an inspection log for this 
equipment. 

RESPONSE 

The form is provided as requested. 

***** 

G. Appendix F1 does not include an inspection log covering spill control equipment, 
instead a hazardous waste emergency incident reporting form is provided. Revise 
Chapter F to include an inspection log for all spill control equipment that clearly 
identifies the specific number, type and location of each piece of equipment, 
including the type of problems for which to inspect. Ensure that this list is 
consistent with the information provided in Chapter G. 

RESPONSE 

The proper form has been included. This equipment is located in a trailer west 
of the Safety and Emergency Services Building. 

***** 

H. Appendix F1 discusses the Surface CH TRU Waste Handling Area and includes 
weekly and monthly inspections. However, Table F-1 does not include this 
information. Revise Table F-1 to reflect these additional inspection frequencies. 

RESPONSE 

The inspection procedure for the surface TRU waste handling areas has been 
revised to include the container storage unit areas. Both CH and RH TRU are 
inspected using the same procedure. See Appendix F1. 

***** 

I. Table F-1 states that the daily inspection log for the Underground CH TRU Mixed 
Waste Disposal Area includes equipment and signs, but these items are not 
included on the inspection sheet in Appendix F1. Revise the permit application 
to resolve this discrepancy. 

RESPONSE 

The form has been updated and is included. Waste Handling Equipment is not 
inspected using this form. Each piece of waste handling equipment has a 
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separate inspection procedure and logbook. See, for example, Waste Handling 
Forklifts. 

***** 

J. Appendix F1 does not include an inspection log addressing weekly and monthly 
inspection of the underground waste emplacement area, although this log is 
identified in Table F-1. Revise the permit application to resolve this discrepancy. 

RESPONSE 

This form has been updated along with Table F-1. 

***** 

K. The inspection instructions in Appendix F1 for the ventilation system address only 
annual calibration of the ventilation flow instrumentation, although Table F-1 
identifies quarterly inspection of the exhaust fan. Revise the permit application 
to resolve the discrepancy. 

RESPONSE 

The annual calibration example in Appendix F1 was inserted by mistake. The 
Quarterly Exhaust Fan. Flow Check preventative maintenance procedure was 
inserted in Appendix F1. 

***** 

L. Table F-1 indicates that the water tank levels are checked daily. However, the 
inspection sheets for water pumps in Appendix F1 indicate that while the water 
tank level is recorded on the water pumps form, the inspection is conducted on 
a weekly, not daily, basis. Revise the permit application to resolve the 
discrepancy. 

RESPONSE 

The table has been changed to show the weekly inspection by emergency 
management as listed under "Fire Pumps". A footnote has also been added to 
indicate that the water levels are monitored in the CMR and are available at any 
time. 

* * * * * 

M. Table F-1 identifies a vehicle siren as an item to be inspected daily. Appendix F1 
includes no inspection log for the vehicle siren. Revise Table F-1 to identify the 
specific vehicle siren(s) that are inspected on a daily basis, and explain how the 
inspection is documented, since no inspection log is maintained. 
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RESPONSE 

Checking the siren on security vehicles is part of the security force's standing 
orders and is performed daily. No separate record of this test is maintained. The 
fire truck and the rescue truck, which are the primary vehicles for emergency 
response do include weekly tests of the sirens as documented on their respective 
inspection sheets. The reference in the appendix has been revised to weekly and 
the "no form used" statement deleted. 

***** 

N. Appendix F1 includes inspections that address RH mixed waste handling 
equipment that are missing from the inspection schedule, Table F-1. Revise 
Table F-1 to include: canister shuttle car, facility cask, cask transfer car, cask 
turntable, grapple, grapple hoist, master-slave manipulators, RH emplacement 
machine, road cask transfer car, shield valve, telescoping port shield, and 20-ton 
forklift. Revise the permit application to explain why the 20-ton forklift will be 
inspected only on a weekly basis, according to the inspection log in Appendix F1, 
when other forklifts identified on page F-24 of Table F-1 are inspected prior to 
each use. 

RESPONSE 

The application has been revised to include RH waste related inspections. 

***** 

0. Revise the permit application to explain why the equipment included under the 
title cover sheet "Other Equipment" in Appendix F1 is missing from the inspection 
schedule Table F-1. Revise Table F-1 to include: floor scrubber, elevating work 
platform, monorail hoist, and trailer jockeys. 

RESPONSE 

Other equipment has been added to the schedule. 

***** 

P. None of the structural components of the RH mixed waste handling area and hot 
cell (other than the shield valve and telescoping port shield) are included in the 
inspection schedule. Revise Chapter F to include inspection of the floors, walls, 
secondary containment, containers, overpack areas, hot cell welding equipment, 
and any other structural or operational features of the RH mixed waste areas. 

RESPONSE 
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Inspection of RH TRU areas (floors, walls, etc.) has been included. However, the 
schedule of these inspections is not definitive since RH areas cannot be entered 
when RH TRU waste is in the process of being unpacked, identified, checked for 
contamination, stored, or transferred to the facility cask. Thorough inspections of 
equipment will occur during scheduled preventive maintenance outages in the RH 
areas. As a minimum, inspections will occur annually. 

***** 

2. Chapter F, Table F-2, Monitoring Schedule, Page F-27. 

Table F-2 is unacceptably vague as it does not identify the specific types of monitoring 
instrumentation to be used and does not ensure that each piece of equipment included 
in the inspection schedule Table F-1 is also addressed. 

Table F-2 also states that the underground roof system instrumentation (which apparently 
includes load cells and room creep rate measurement devices) is monitored monthly, 
although Table F-1 states that this same equipment is inspected (i.e., monitored) weekly. 
Appendix F1 inspection sheets for the underground instrumentation identify 
extensometers, inclinometers, and GIS (acronym not defined), but do not include load 
cells or room creep rate measurements. Revise the permit application to resolve these 
discrepancies. 

RESPONSE 

The application has been revised to provide a cross reference to Table F-1 so the 
specific equipment can be identified. The acronym GIS (Geomechanical Instrumentation 
System) has been defined in the Table. Only the GIS system inspections are retoined 
since the inclinometers are not used in the disposal area. 

* * * * * 

3. Chapter F, Table G-2, page G-36. 

Table G-2 (page G-36) identifies a repeater used to enable transmission of radio waves. 
Revise Chapter F to discuss the capabilities and use of this equipment. 

RESPONSE 

The repeater is not inspected. It is privately owned and its availability is evaluated 
through day-to-day use. It has been deleted from Table G-2 since it is not WIPP 
equipment. 

* * * * * 

29 



COMMENTS: APPENDIX F1 

1. Chapter F, Appendix F1, Examples of Inspection Sheets, Logs, and Instructions for 
Systems/Equipment Requiring Inspection. 

A number of problems regarding the inspection logs and instructions in Appendix F1 of 
the permit application are apparent, with specific deficiencies detailed below. General 
problems with all or many of the inspection forms/instructions are also identified in the 
General Comments 3 and 4, above. Revise the permit application to address the 
following: 

A. Ambulances and Related Emergency Response Supplies and Equipment - None 
of these inspection sheets identify the minimum inventory that must be on hand. 
Explain how inspectors will know whether supplies are adequate. The inspection 
sheet for "First Aid Equipment/Ambulance Weekly Checklist" includes no space 
to note inspector name, date, time, observations, and nature and date of any 
remedial action performed. Revise the inspection forms to include these required 
items. 

RESPONSE 

The forms have been revised to include the requested information. 

***** 

B. Standby Emergency Power Backup Diesel Generators - A space to record 
inspection observations and date and nature of required repairs is missing from 
the form. Revise the inspection forms to include these required items. 

RESPONSE 

The form for recording inspection results was changed. This inspection is 
automatically scheduled by the WIPP Maintenance Scheduling computer system 
(CHAMPS). The CHAMPS work order form is part of the inspection record. The 
deficiencies identified during the inspection are recorded on the CHAMPS form. 

* * * * * 

C. Facility Inspections - The form does not include space to note the date and nature 
of repairs that were required to be performed as a result of the inspection. 
Revise the inspection forms to include these required items. 

RESPONSE 

Space is provided on Page 3 of 4 in the area entitled "Ill. Deficiencies Requiring 
Immediate Correction" and "IV. Other Deficiencies." No revision needed for this 
comment. 
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***** 

D. Eye Wash and Shower Equipment - The inspection form indicates that the units 
should periodically be treated to eliminate bacteria. Revise the inspection form 
to identify the specific frequency that the anti-bacterial treatment should be 
performed. 

RESPONSE 

The procedure now requires a semi-annual servicing by the industrial hygienist 
at which time the portable stations are drained and fresh water added. An 
antibacterial agent is put in the water at that time. The obsolete form was 
deleted. 

***** 

E. First Aid Medical Supplies - The inspection form covers only underground first aid 
supplies. Explain why inspection of aboveground first aid supplies are not 
documented. The underground first aid supply inspection form does not provide 
space for noting the inspector name, date, time, observations, and date and 
nature of required repairs, but instead is merely a listing of inventory that should 
be in kits of various sizes. Revise the inspection forms to include all items and 
required information. 

RESPONSE 

First aid supplies are now included on the inspection sheets for the various 
emergency vehicles (Ambulances and Rescue Trucks). This item has been 
deleted from the list. 

* * * * * 

F. Mine Pager Phones - The inspection log includes no space to note the inspection 
time and includes no space to note the date and nature of any repairs. Revise 
the inspection forms to include these required items. 

RESPONSE 

The form for recording inspection results was changed. This inspection is 
automatically scheduled by the WIPP Maintenance Scheduling computer system 
(CHAMPS). The CHAMPS work order form is part of the inspection record. The 
deficiencies identified during the inspection are recorded on the CHAMPS form. 

* * * * * 

G. Radio Equipment - The inspection log does not cover any of the radio equipment 
reported to be at the station (i.e., 2-way radios, base stations, repeater. In 
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addition there are no procedures in place to inspect mobile phones. Revise the 
inspection forms to include these required items. 

RESPONSE 

Radio equipment is not formally inspected at the WIPP site. The WIPP 
Information Resource Management (IRM) organization is responsible for obtaining 
licenses and frequencies for radios and they maintain a contract with a vendor for 
repairs. When repairs are needed, the frequencies are alsc checked. Radios are 
operated daily, and many are used in day-to-day operations. If they fail, they are 
submitted to IRM for repair. 

***** 

H. Rescue Truck - No inspection log or instructions are provided in Appendix F1. 
Revise the permit application to include inspection forms for all equipment. 

RESPONSE 

The rescue truck is included in the m~ster copies of the application. Updated 
forms are included to provide details on First Aid supply inspection. 

* * * * * 

I. Salt Hoist - A title cover sheet is missing and should be provided for this 
inspection log to be consistent with the identification of other inspection logs in 
Appendix F1. Provide the title to the cover sheet. 

RESPONSE 

The title sheet is provided in the master copies of the application. It is included. 

***** 

J. Spill Control Equipment - No acceptable inspection log or inspection instructions 
are provided in the permit application for spill control equipment. The material 
included under this subsection is a form for reporting an emergency incident. 
Revise the permit application to include inspection forms for all equipment. 

RESPONSE 

The appropriate inspection log is now included. This material is in a trailer that 
sits west of the Safety and Emergency Services Building. 

* * * * * 

K. Underground Openings Roof Bolts Travelways - The recordkeeping instructions 
must be revised to clearly indicate that inspectors name, date, time, observations, 
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and nature and date of any repairs must be recorded in a log book or inspection 
sheet. Revise the inspection recordkeeping instructions to include these required 
items. 

RESPONSE 

A revised form has been included in Appendix F1. 

***** 

L. Underground Roof Support Instrumentation - Explain why the equipment identified 
in Appendix F1 is different from that identified in Table F-2. Define the acronym 
"GIS" (e.g., geographic information system) used on one of the data recording 
sheets. The GIS data sheet includes no space to record the inspection time or 
place to clearly record the nature and date of any repairs. The inspection sheet 
for the "Test Room Inclinometers" addresses four "test" rooms in Panel 1 of the 
underground repository. It appears that this form was taken from the WIPP test 
phase permit application and was not revised for the disposal phase. Revise the 
inspection forms provided for the disposal phase application to include inspection 
of instrumentation applicable to all waste disposal rooms in all disposal panels. 

RESPONSE 

Table F-2 has been updated to reflect all types of instrumentation that may be 
used for geomechanical monitoring of the excavation and support system. 

The acronym GIS stands for Geomechanical Instrumentation System. 

The GIS data sheets in Appendix F1 are usad to record the value of the 
instrumentation measurements. These data sheets also provide spaces for the 
date and time of the reading, the unique GIS identification number (GISID) and 
other information related to measurement activity. These data sheets are used. 
for different types of instruments installed at different locations and are not 
specific to the disposal area. 

Inclinometers are not expected to be installed in disposal panel rooms, therefore 
the [SPDV] Test Room Inclinometers sheet has been removed. 

* * * • * 

M. Underground CH TRU Mixed Waste Storage Area - Clarify why the inspection 
forms for the underground portions of the facility refer to "storage." Waste 
emplaced in the repository is considered disposal. Again, it appears that this form 
was taken from the WIPP test phase permit application. Revise the inspection 
forms to address equipment and features relevant to the WIPP disposal phase. 
Additionally, identify the specific equipment for which inspections for leaks and 
spills will be performed. Clarify how an inspection of barcodes on all emplaced 
containers will be performed. Clarify what specific aisle space will be maintained 
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with respect to emplaced containers. The form does not include space to note 
the time of inspections, which must be included. Revise the inspection forms to 
address these issues. 

RESPONSE 

When the facility was designed by Bechtel, Inc., the process of placing radioactive 
waste in a repository was referred to as "storage". Disposal was, at one time 
called "terminal storage". When regulations such as the RCRA began to apply 
to waste operations, it became confusing, so the DOE dropped the use of the 
term storage for disposal activities. However, it still remains as an artifact on 
some WIPP documents, reports, and forms (see for example the Final Design 
Validation Report in Appendix D1 ). The DOE regrets if this use causes confusion. 
The form has been revised. 

***** 

N. 15-Ton Bridge Crane - The instructions for inspecting this equipment reference 
a data sheet that must be completed. Provide a copy of this data sheet showing 
what information is required to be recorded. 

RESPONSE 

The data sheet NMED is referring to is actually a checklist that identifies the 
specific inspections an operator must perform prior to operating that piece of 
equipment. This checklist is not a data sheet that is filled out by the operator 
subsequent to their inspection. Instead, an equipment log book is used to record 
inspection results (satisfactory/unsatisfactory) and any outstanding deficiencies 
or corrective actions taken. The checklists in Ap;:>endix F1 under Waste Handling 
Cranes are examples of equipment inspections performed on waste handling 
equipment. 

* * * * * 

0. RH Emplacement Machine - The instructions for inspecting this equipment do not 
include either an inspection log for each item to be inspected or clear instructions 
for the type of inspection information that must be recorded ':Cevise the permit 
application to address these issues. 

RESPONSE 

The Horizontal Emplacement and Retrieval Equipment (HERE) and other remote 
handling equipment is not being used nor is it expected to be needed until fiscal 
year 2002. As such, preoperational and operational procedures for their 
inspection and use have not been updated or included in Table F-1. Until that 
time, only the RH equipment (50/25-ton crane, 41 and 25-ton forklifts) that is 
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being maintained in an operational status is subject to the preoperational checks 
described in Table F-1. 

***** 
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BACKGROUND INFORMATION 

The Waste Isolation Pilot Plant (WIPP) was authorized by Congress in 1979 (Public Law 96-
164) to provide "a research and development facility to demonstrate the safe disposal of 
radioactive wastes resulting from the defense activities and programs of the United States 
exempted from regulation by the Nuclear Regulatory Commission." 

To fulfill this mission, the Department of Energy (DOE) constructed a full-scale facility to 
demonstrate both technical and operational principles of the permanent isolation of transuranic 
waste. The facility horizon of the WIPP, which includes construction (mining), experimental 
and waste storage areas, is located approximately 2,150 feet below the surface in the Salado 
Formation, a thick sequence of evaporites which are predominantly halite. A schematic view of 
the surface and underground facilities at the Waste Isolation Pilot Plant are shown in Figure 1 

The Underground Ventilation System at the WIPP consists of three vertical intake shafts, 
interconnecting drifts and crosscuts. The drifts (tunnels) are separated by bulkheads, airlocks 
and salt pillars. They are connected to a common exhaust shaft which connects to the main 
surface fans. 
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PURPOSE STATEMENT 

This plan satisfies the requirements for a mine plan and map as stipulated in 30 CFR 57.8520, 
Subpart G- Ventilation, and the New Mexico Safety Code for All Mines. It is based on current 
plans, conditions, and assumptions concerning the operation of the Waste Isolation Pilot Plant 
(WIPP). 

PRIORITIES 

The Underground Ventilation System at the WIPP performs three primary functions in 
accordance with the CFR and the System Design Description SDD VUOO. These functions are: 

• Provide a safe, healthy and suitable work environment for underground personnel and 
equipment during normal operations. The WIPP underground must be safe for employees 
to enter and work without extraordinary precautions. The underground ventilation 
system provides this environment by supplying the necessary quality and quantity of air, 
by sweeping away and rendering harmless toxic gasses, and by providing a comfortable 
working environment. 

•- Provide for the confinement, channeling and filtration of potential airborne radioactive 
material in the event of an accidental release. The underground ventilation system 
satisfies this requirement through the use of a High Efficiency Particulate Air (HEPA) 
filtration system (This function is not part of the 30 CFR Part 57 Requirement and will 
not be discussed further in this plan) 

• Provide for the confinement of and the reversal of the underground airflow in the event 
of a fire. The underground ventilation system provides this function through the use of 
shaft isolation doors and underground booster fans. 
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GENERAL INFORMATION 

The following information is provided concerning the facility and operator(s) 

Facility Description 

Name of Project: 

Address: 

Telephone Number: 

Name of Owner: 

Name of Operator: 

Project Personnel 

Facility Operations Shift 
Supervisors Office 

Central Monitoring Room 

Office of Area Manager (CAO) 

Office of National TRU 
Waste Operations (CAO)-Acting 

WIPP Site Team Leader (CAO) 

Safety & Occupational Health (CAO) 

General Manager (ID 

Manager - Operations (ID 

3 

Waste Isolation Pilot Plant 

P. 0. Box 2078 
Carlsbad, NM 88221 
(505) 234-7200 

Department of Energy (DOE) 

Westinghouse Electric Corporation (W) 

NIA 

NIA 

G. E. Dials 

K. Hunter 

K. Hunter 

L.B. Lilly 

J. L. Epstein 

C. E. Conway 

Office 
Phone 

234-8276 

234-8457 

234-7300 

234-7456 

234-7456 

234-8136 

234-8202 

234-8155 

Home 
Phone 

NIA 

NIA 

887-6750 

885-1716 

885-1716 

887-7414 

885-5324 

885-2826 
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Office Home 
Project Personnel Name Phone Phone 

Manager - Environment K.S.Donovan 234-8325 885-6466 
Safety and Health (W) 

Manager, Industrial J.A Davis 234-8499 885-1142 
Safety (W) 

Manager J.J. Garcia 234-8106 885-1859 
Engineering CW 

Manager of Surface D. D. Davis 234-8284 885-1142 
Operations (M 

Manager of Underground ('if_) C.L. McAvoy 234-8024 885-8749 
Operations 

Manager of Mine Operations (M R.A. Sowers 234-8529 885-0413 

Manager, Advanced S. C. Sethi 234-8182 885-1871 
Repository Engineering, (W) 

Manager, Mine Engineering(W) K. M. Chmura 234-8918 885-4732 

Underground Ventilation K. H. McDaniel 234-8199 392-2484 
Engineer (W) 
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BASELINE PARAMETERS 

The following baseline parameters have been used in the preparation of this plan: 

• The life of the mine is greater than one year. 
• There are no known active or abandoned oil and gas wells in the boundaries of the 

mine/repository. 
• There are no known underground workings immediately adjacent to, above, or below the 

mine. 

Air flow quantity is determined based on the following guidelines: 

• The airflow quantities for each operational area were calculated based on the anticipated 
types and numbers of diesel equipment operating in a given area. A minimum air quantity 
of 125 cfm is provided per Brake Horse Power (BHP) of engine capability for each piece 
of diesel equipment. 

• Air in all active working areas shall contain at least 19.5% by volume oxygen as required 
by 30 CFR, part 57.5015. 

• Personnel access into various areas shall be determined by MSHA air quality requirements 
listed in 30 CFR, part 57.5001. 

• A minimum air velocity of 60 FPM is maintained in rooms where waste storage, 
experiments, tests or construction is in progress. 
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SAFETY CONSIDERATIONS 

The following safety considerations govern the operation of the underground ventilation 
system at the WIPP: 

• Areas within twenty-five (25) feet of main and booster fans are kept free of combustible 
materials except for installed wiring, materials used for fan maintenance, materials used for 
ground support. 

• Surface mine ventilation fans (in one of the configurations described in "Modes of 
Operation") are operated continuously while persons are underground in the active 
workings. However, this provision is not applicable during scheduled shutdowns or planned 
maintenance when: 
• air quality is maintained in compliance with the applicable standards of Part 57, 30 

CFRor, 
• when all persons underground in the affected areas are advised in advance of such 

scheduled or planned fan shutdowns, maintenance, or adjustments. 

• Local ventilation fans (as described in "Local Ventilation") are generally operated on a 
continuous basis, but may be operated on an "As Needed" basis as determined by Facility 
Operations. When a local ventilation has been idle due to unscheduled power outages, 
scheduled shutdowns or planned maintenance: 
• All persons, except those working to correct the problem, will be withdrawn until 

the ventilation is restored to normal, and the air quality in the affected active 
workings is tested by a competent person to ensure that it meets the requirements 
of 30 CFR, Part 57. 

• Diesel-powered equipment will not be operated in the affected areas unless it is 
required in an emergency, or if needed to correct the situation. 

• When Local Ventilation has been restored, and before personnel are allowed to return to the 
working area: 
The air quality will be tested in the affected areas by a competent person. This provision 
is not applicable in the E300 Shop area where the local ventilation system may be operated 
intermittently (by Facility Operations) without the requirement of an air quality check each 
time the fan is started (see E300 Local Ventilation) 

•- The air quality will comply with the requirements of 30 CFR Part 57 

• - In the event of main fan failure due to malfunction, accident, power failure, or other such 
unplanned or unscheduled event: 
• The air quality will be tested in the affected areas by a competent person within 

two hours of the discovery of the fan failure, and at least every 4 hours thereafter. 
• The air quality will comply with the requirements of 30 CFR Part 57, until normal 
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ventilation is restored, or 
• All persons, except those working to correct the problem, will be withdrawn until 

the ventilation is restored to normal, and the air quality in the affected active 
workings is tested by a competent person to ensure that it meets the requirements 
of 30 CFR, Part 57. 

• Diesel-powered equipment will not be operated in the affected areas unless it is 
required in an emergency, or if needed to correct the situation. 

• All main, booster, and auxiliary fans, and air-coursing devices are installed and operated to 
meet the requirements of 30 CFR, Part 57. Should it be necessary to deviate from these 
requirements, the substitution will provide at least the same measure of protection to those 
working underground, and the Manager of Industrial Safety will be contacted for approval. 

• When ventilation control doors are opened as a part of the normal mining cycle or 
maintenance activities, they shall be closed as soon as possible to reestablish normal 
ventilation. 

• Booster and auxiliary fans (excluding the construction fans(s) at the working face) installed 
in the underground are shown on the ventilation map (Ref. Drawing No. 54-W-001-W). 

• Booster, auxiliary and face ventilation fans will be installed so as to meet the ventilation 
requirements of the advancing construction/development activities in the mine as required. 

• Where required, auxiliary fan systems will be installed so that they minimize recirculation and 
effectively sweep the working place. 
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YENIU.ATION PLAN POSTING 

A current copy of the mine map, "Underground Mine Ventilation System", (54-W-001-W) and 
a copy of this plan are posted at the following locations: 

• Permanent Office Facilities 

• Active Panels 

• Lunchrooms 

• Underground Facility Operations Center 

• Bottoms of all intake shafts 

• Mine Fueling Station(s) 

• Underground Shops and/or Welding Facilities 

• Central Monitoring Room located on the surface in the second floor of the support building 

• Engineering File Room located in building 486 
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PROPOSED OR PLANNED CHANGES WITHIN ONE YEAR 

At the current time, the WIPP facility has completed a plan to close the North East Section 
of the repository. This area includes N1400 east of the Electric Substation 2A, and Nl 100 East of 
El40. These areas have been banicaded against entry, but have not be removed from the ventilation 
system. 

There are future plans to close the entire Experimental Area of repository. This would include 
all areas of N1400, Nl 100, access rooms and interconnecting crosscuts, G-Access, and certain 
sections ofE-0 and E140. Permanent unpassable stoppings will be erected in E140 and EO just inby 
N-780, Mine workings located inby these stoppings and these areas will be abandoned. The current 
schedule for completion of this project September 30, 1996, but may change as additonal plans are 
developed and implemented. The WIPP Mine Ventilation Plan will be revised as more information 
becomes available, and when the completion date for closure of the Experimental Area becomes 
clearer. 
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vtNmATION SYSTEM DESCRIPTION 

The Underground Ventilation System at the WIPP consists of three vertical intake shafts, 
interconnecting drifts and crosscuts. The drifts (tunnels) are separated by bulkheads, airlocks and salt 
pillars. They are connected to a common exhaust shaft which connects to the main surface fans. 
Figure 1 shows the relationship between the surface, shafts and the underground repository. The 
airflow patterns and ventilation control devices are shown on the ventilation map included in 
Appendix A of this plan (Reference Drawing "Underground Mine Ventilation System" 54-W-001-W 
Rev-Latest). The four shafts are: 

• Air Intake Shaft (AIS) 
• Salt Handling Shaft (SHS) 
• Waste Shaft (WS) 
• Exhaust Shaft (ES) 

Air Intake Shaft (AIS) 

The AIS is the primary supply of fresh air to the underground areas. The AIS also serves as 
emergency backup for transportation of personnel between the surface and the underground horizon. 
The AIS is a minimum of 16 feet in diameter with the initial diameter of the unlined section nominally 
20 feet. A single-deck working platform. called the galloway, is available for this shaft for use in 
inspecting and maintaining the shaft. The galloway is normally positioned at the bottom of the shaft 
where it has no effect on the air flow. The vertical location of the galloway in the shaft significantly 
influences the air flow down the shaft. The underground ventilation flow regulators located 
throughout the facility can be reset to accommodate the flow variations resulting from using the 
galloway. 

Salt Handling Shaft (SHS) 

The SHS is the secondary supply of fresh air to the u/g areas. It is also used to transport salt to the 
surfilce, transportation for non-radiological material and personnel, and for routing power, control, 
and communication cables between the surface and the underground horizon. The SHS is the smallest 
of the vertical shafts, being 10 feet in diameter in the lined section and a nominal 11. 8 feet in diameter 
through the salt. The SHS extends below the normal working level to provide space for a salt storage 
bin, a skip loading hopper, hoist over travel, and a sump. 

Waste Shaft (WS) 

The Waste Shaft is the primary fresh air supply (and the only one under nonnal configuration) to the 
underground Waste Shaft Station Area. Because of the risk of radioactive contamination by the air 
drawn down from the Waste Handling Building, the WS air is only used to provide ventilation for the 
waste handling station at the base of the shaft. From the waste station the air is routed 
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directly to the exhaust shaft. The upper works for the conveyance in the WS are housed in the 
enclosed tower of the waste hoist. The tower area is required to operate at a negative pressure to 
prevent leakage to the outside. This negative pressure is provided by the underground ventilation 
system. 

The WS is used to provide transportation for radioactive waste, underground mining equipment, 
materials and underground personnel between the surface and the underground horizon. This shaft 
has a sump to accommodate the guideweights and other hoist equipment. The WS is 19 feet in 
diameter in the lined section and expands to 20 feet in diameter in the unlined salt section. The WS 
is the largest of the vertical shafts. 

Exhaust Shaft (ES) 

The ES is used exclusively to exhaust air from the underground. The collar of the ES provides the 
foundation for the elbow of the main exhaust duct. The ES is 14 feet in diameter through the lined 
sections and a nominal 15 feet in diameter through the unlined section. 

Ventilation System Configuration 

The three intake shafts supply air to the repository level, consisting of four separate air splits) and 
discharges it through a common exhaust shaft. Fresh air entering the repository from the AIS is 
split in E-0 to the north and south. The south air split "picks up" the air from the SH shaft and 
travels south through the W-30 entry. At S-1000 this air is further split. The section which is 
directed to the east is used to ventilate the Waste Storage area. Figure 2 shows the Waste Storage 
area ventilation path. The remainder of the air is used to ventilate the construction (mining) area. 
Figure 3 shows the Mining Area ventilation path. The north air split is used to ventilate the 
Experimental Area, fabrication shop and the underground maintenance shop. Figure 4 shows this 
ventilation path. Air entering through the Waste Shaft is used to ventilate the Waste Shaft and the 
Waste Shaft Station after which it is routed directly to the ES. Figure 5 shows the Waste Shaft 
Station ventilation flow path. Areas not assigned to any one of the four independent systems are 
considered part of the common intake or exhaust. The cross-sections or the underground openings 
range from 14' x 7' to 33' x 13'. Each of the splits to the four main areas of the repository is 
controlled by Louvre Style Regulators which are either electrically, or manually set. The regulators 
are mounted in four ventilation bulkheads. These bulkheads regulate air flow to the following areas 
of the underground: 
• Waste Storage Area- Bulkhead 313 
• Mining Area- Bulkhead 302 
•· Experimental Area- Bulkhead 301 (Bulkhead 521 after pending modifications are 

completed) 
• Waste Shaft Station- Bulkhead 308 
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MINE VENTILATION FANS 

Main Fans and Exhaust Filter Building (EFB) Fans 

There are a total of five surface ventilation fans which supply air flow to the underground. They are 
located on the surface of the WIPP facility atop the Exhaust Shaft. Two of these are the main fans 
(named 700A & 700B), and three are the Exhaust Filter Building fans (named 860A, 860B & 860C). 
These fans are operated in various configurations (either 700's or 860's) to provide the necessary 
airflow to the underground. Table 1 lists the physical and operating data of these fans. 

Underground Booster Fans 

There are also three booster fans located in the underground repository. These are used to reverse 
the airflow in various parts of the facility in the event of an underground or shaft fire. A description 
of each of the "Reversal Modes" will be discussed under "Modes of Operation" Table 1 lists the 
physical and operating data of these fans. 
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Table 1: Fan Specifications 

Main Fans EFB Fans Booster Fans 

Equipment No. 41-B-700A 41-B-860A 74-B-004A 
41-B-700B 41 B-860B 74-B-004B 

41-B-860C 74-B-004C 

Manufacturer Chicago Blowers Novenco Joy 

Type/Model D/1910A (Centrifugal) BC/542 (Centrifugal) 45-26-770CP (Axial) 

Size (Diameter)(inches) 94.375 56-1/8 45 

Speed (rpm) 705 1180 1770 

Static Pressure (inches W.G.)12.5 13 4.2 

Air Quantity (cfm) 212,500 70,400 50,000 

Total Design Efficiency% 84.1 83.3 76 

Blade Type Airfoil Airfoil Airfoil 

Motor HP 600 235 50 

Voltage (V) 4160 460 460 

Variable Inlet Vanes Yes Yes No 
with Actuator (vari-pitch on the fly) 

Blade Setting Fixed Fixed Fixed 
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MODES OF OPERATION 

The WIPP facility has five different fan usage configurations (Modes of Operation) which can be 
set to supply variable quantities of air to the underground. The mode of operation is determined by 
the current operational needs of the facility. The five modes are: 

Normal Ventilation: 

Alternative Ventilation: 

Reduced Ventilation: 

Minimum Ventilation: 

Reversal Ventilation: 

Two main 700 exhaust fans operating to provide 425,000 scfm 
unfiltered. Reference Figure 6 

One main 700 exhaust fan operating to provide 260,000 scfm 
unfiltered. Reference Figure 7. 

Two 860 filtration fans operating as ventilation fans to provide 
60,000 scfm each unfiltered. Reference Figure 8. 

One 860 filtration fan operating as a ventilation fan to provide 
60,000 scfm unfiltered. Reference Figure 9. 

All surface fans deactivated (turned off) and isolated using their 
dampers. Underground booster fans operational in either the forward 
or reverse direction. See description below. 

Three different underground air flow reversal modes can be initiated if required for personnel or 
equipment protection (in the event of an underground emergency such as a fire). Each of these 
modes is set up by isolating the surface exhaust fans, actuating the underground booster fans, and 
changing the configuration of underground bulkheads and air flow regulators. Air flow reversal in 
the Waste Storage Area of Waste Shaft Station is not permitted. The operation of diesel powered 
equipment in these modes is limited. 

AIS Air Flow Reversal 

The air flow in the AIS can be reversed by turning on the booster fans in the forward direction, and 
opening (or closing) bulkhead air flow regulators and doors. The bulkhead north of the SHS 
(Number 503) is closed. Air coming down the SHS is routed through W30 to the booster fans. Air 
flows past the fans and through the open doors in S1600 (normally closed) into Wl70. The normal 
flow path out ofW170 to the ES is blocked in Nl50 and the bulkheads which normally block flow 
west in S90 are opened. The air flows west through S90 to the base of the AIS and up. Air flow 
away from the AIS toward EO is blocked by closing the normally open bulkhead. The booster fans 
will drive approximately 65,000 ACFM in this mode. 
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Experimental Area Air Flow Reversal 

The air flow in the Experimental Area can be reversed by turning on the booster fans in the forward 
direction, and opening (or closing) bulkhead air flow regulators and doors. This action also reverses 
the air flow in the AIS. The bulkhead north of the SHS (Number 503) is closed. Air coming down 
the SHS is routed through W30 to the booster fans. Air flows past the fans and through the open 
doors in S1600 (normally closed) into W170 The normal flow path out of W170 to the ES is 
blocked in E300 at S300 and the flow is reversed north in E140 through Bulkhead 301. The air 
flow path is then north through E140 to the experimental area, through the experimental area and 
back south (reversed) through EO to N300 and finally to the AIS. The booster fans will drive 
approximately 65,000 ACFM in this mode. 

Construction Area and/or SHS Air Flow Reversal 

The air flow in the Construction Area at the south end of the underground can be reversed by 
turning on the booster fans in the reverse direction, and opening (or closing) bulkhead air flow 
regulators and doors. This action also reverses the air flow in the SHS. The air coming into the mine 
from the AIS is blocked in N215 by closing the normally open door. The airlock in S90 at W170 
is opened to allow air to flow from the AIS east through S90 and south through Wl 70. The 
bulkhead located north of the SHS is closed thus diverting air flow from the fans up the SHS. Air 
travels through the doors in S1600 into W30, through the fans, and north in W30 to the SHS. The 
booster fans will drive approximately 45,000 ACFM in this mode. 

Shaft Isolation Doors 

Each of the intake shafts at the WIPP facility is equipped with fire isolation doors. These doors may 
be closed as a means of controlling the spread of fire, smoke, or toxic gases in the event of a fire. 

Diesel Generator Operation 

In the event of a total power loss to the WIPP facility, or an isolated loss which effects the main or 
filtration fans, the WIPP facility is equipped with two backup diesel generators. One of these 
generators may be brought on line within approximately 30 minutes of a power failure to provide 
minimum ventilation to the underground. 
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AIRFLOW CONTROL DEVICES 

Air flow is routed and controlled through the use of ventilation doors, bulkheads, and regulators. 
Auxiliary fans are installed, as required, to assist in the distribution of air to the different working 
areas, and for proper face ventilation. 

Bulkheads and Regulators 

The typical bulkhead is constructed with a welded tube steel frame covered by sheet metal. Final 
sealing between the bulkhead and salt is accomplished by rubber or metal flashing. In a few areas 
where a higher fire rating is required the bulkhead may be double sided with a fire resistant material 
(rockwool insulation) enclosed between the two sides. 

The salt surrounding the bulkhead will slowly move inward (creep) in response to the load from 
the overburden. The bulkhead framing is fabricated approximately 1.5 feet smaller (on top and 
sides) than the drift in order to accommodate the changing dimension. A telescoping extension from 
the main framing to the drift surfaces is used. The extension is then fastened to the salt by wedge 
anchored studs or bolts. 

Normal or emergency passage is provided through most of the bulkheads. This is accomplished by 
means of vehicle access doors, human scale personnel access doors, and/or emergency hatches. 
Most vehicle access doors are actuated by compressed air cylinders. They are designed to "stop and 
hold" in place when power to the system is lost. The personnel doors are hung to be self closing 
with the prevailing air flow. Bulkhead doors are equipped with sensors that indicate their closure 
status in the surface Central Monitoring Room. 

Airlocks are provided where doors must be kept closed to achieve normal underground air flow and 
differential pressure. They are also installed where opening a single door would be difficult because 
of the high differential pressure. Vehicle airlocks are constructed by placing two bulkheads 
containing vehicle doors near each other in the same drift. Airlock doors have local controls to 
prevent doors at opposite ends being opened simultaneously. Personnel airlocks are constructed as 
part of a single bulkhead. 

Bulkheads with control doors are provided in the drifts near the shaft stations for The AIS and the 
SHS. They permit the shafts to be isolated in the event of a fire or other abnormal occurrence. This 
will limit the spread of smoke or other hazards. The WS and Waste Shaft Station are equipped with 
similar control doors. They are normally closed due to the independent design of the Waste Shaft 
Ventilation split. All of These doors are constructed in accordance with the ventilation control 
measures provisions of 30 CPR Part 57. In addition, the shop and fuel storage spaces are isolated 
by bulkheads with a high fire withstand rating. 
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LOCAL VENTILATION 

Throughout the WIPP underground there are some dead end rooms and drifts that require local 
ventilation auxiliary fans, ductwork and/or regulators to assure adequate air circulation when the 
area is occupied. Local ventilation fans are generally operated on a continuous basis, but may be 
operated on an "As Needed" basis as directed by Facility Operations (depending on the level of 
work activity in the effected area). Facility operations may designate an "operator" for those 
locations which may require the fans to be started and stopped on a regular basis. All fans are 
locally controlled. Unventilated areas are barricaded to exclude personnel 

Room H Local Ventilation 

There is a 24 inch diameter duct mounted on the west side of room H ACCESS in the Experimental 
area. The duct penetrates Bulkhead 74-B-201, extends through the entry to room H, and terminates 
at the N-1000 drift. The auxiliary fan is mounted in the exhaust duct in the access to room H .. The 
fan is normally not operating. When the fan is on, air is drawn from the N-1100 drift through the 
entry to room H, around to the far side of room H, and exhausted through the duct into Room 4. 

Room G Local Ventilation 

Room G with its entrance is approximately 2200 feet long and dead ends at the west end of the 
experimental area. A 36 inch diameter duct extends the full length of this drift, with a 90 degree 
bend at the end. The duct contains two auxiliary fans. One is approximately halfway along the 
duct, the other is near the discharge end. The fans draw air through the room G drift, into the duct, 
and exhaust it through the duct into Room 4. 

Rooms L-3 and L-4 Local Ventilation 

There is a 24 inch oval duct in the form of a "U" which extends along the east wall of room L-4, 
runs along the north wall on N-1400, and extends along the west wall of room L-3 in the experi
m.ental area. An auxiliary fan is mounted in the middle of the duct in the N 1400 drift. With the fan 
operating, air is· drawn from room 4 to the north end of room L-4. It flows through room L-3 and 
is discharged into N1400. 

Rooms L-2 and L-1 Local Ventilation 

There is a 24 inch oval duct in the form of an "U" which extends along the east wall of room L-2, 
runs along the north wall of N1400, and extends along the west wall of room L-1 in the experi
mental area. An auxiliary fan is mounted at the discharge end of the duct in room L-1. With the 
fan operating, air is drawn from the N1400 drift to the north end of room L-2. It is drawn through 
the duct and discharged at the north end of room L-1. 
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Cross Ventilation at N780 

There is a 24 inch diameter duct through bulkhead 508 in the N780 crosscut between EO and El40. 
Flow is driven by the differential pressure between EO and E 140, and adjusted by manually set 
louvers. 

Electrical Substation 2A Local Ventilation Duct 

There is a 24 inch diameter duct in the form of a "U" which extends along the east wall of switch 
station number 3, runs along the south wall ofN1400, and extends along the west wall of electrical 
substation 2A in the experimental area. An auxiliary fan is mounted at the discharge end of the duct 
in the substation room. With the fun operating, air is drawn into the switch station, through the duct, 
and discharged toward the back of the electrical substation 2A room. It then rejoins the main airflow 
stream moving east in N 1400. 

E-140 Between Bulkhead 74-8-310 and S-400 Local Ventilation 

On the east side of E-140 between S-90 and S-400 are two small rooms. The southern most room 
is located on the south side ofBulkhead 74-B-310. A 24 inch diameter duct extends from just south 
of bulkhead 310 along the east rib of E-140 and turns into S-400 to discharge toward the ES. One 
branch of this duct extends into the small room along the south room along the south wall. An 
auxiliary ventilation fan is mounted at the exhaust end of the duct in S-400. When the fan is on it 
draws air from the airlock between Bulkheads 303 and 310, the small roo~ and discharges into S-
400. 

El40 at WS Station Local Ventilation 

The E140 drift, between S400 and S700, has two small rooms opposite each other, one in the west 
wall and one in the east wall. Two 24 inch oval ducts are used to increase the ventilation in these 
rooms. The west room has a short duct that draws air from the back of the room and discharges it 
into E 140 toward bulkhead 415. 

There is a long 45 inch diameter oval duct extending along the east wall ofE140 from bulkhead 415 
to drift S400. A 24 inch diameter branch duct extends from this duct along the north wall of the east 
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room. There is a fan at the discharge end of the long duct in S400. The air is drawn from the El40 
drift at bulkhead 415 and from the east room and is discharging into the S400 drift. 

W30/S300 Local Ventilation 

On the west side of W30 drift, between S90 and S400 in the pillar area, are two small rooms. A "U" 
shaped duct, 24 inches in diameter, along the west wall of W30 which bends and extends into the 
two rooms. A fan is mounted in the middle of the duct, and provides airflow first through the 
northern most room and then through the southern most room. 

S700 Local Ventilation 

The S700 drift between W30 and WI 70 has a 24 inch diameter duct along the south wall that turns 
and discharges into the W30 drift. An auxiliary fan is located at the discharge end in W30. 

Salt Handling Shaft Sump Ventilation 

The SH shaft sump has an auxiliary fan that can provide air circulation in the sump when needed. 

Waste Handling Shaft Sump Ventilation 

The WS shaft sump has an auxiliary fan that can provide air circulation in the sump when needed. 

Room Q Access Area Ventilation 

The west end of S90 provides access to room Q. A 36 inch duct runs east on the north side of S90 
and terminates at S90 and Wl 70. 

Sl300 Local Ventilation 

Ventilation through the Sl300 drift between W-30 and Wl70 is controlled by a regulator on 
Bulkhead door 74-B-326 located at S-1300 and W-155. The air travels west from W-30 and 
exhausts through the sliding regulator into W-170. 

S1600 Local Ventilation 

The Sl600 drift between W30 and El40 has a 24 inch diameter duct along the south wall that turns 
and discharges south into W30. A fan is located at the discharge end in W30, and provides I 0,000 
cfm airflow from W30, through the drift, and then back through the duct to return to W30. 

E-300 Maintenance Shop 
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The area of the mine in drift E-300 between N-200 and S-70 is designated as the New Shop. The 
E-300 Maintenance Shop has three (3) alcoves which serve as the repair bay, the welding bay, and 
the electrical bay. Each alcove has a 42 inch oval equivalent duct installed on the south wall which 
is attached to a common length of 42 inch oval equivalent duct installed on the east wall of drift E-
300 then reducing down to 36 inch round duct and discharging into drift E-300 after passing 
through bulkhead 74-B-521. An auxiliary fan is located at the discharge end in E-300. 

The most current information concerning auxiliary ventilation fans (equipment numbers air flow, 
or Hp) can be found on drawing 54-W-001-W and obtained in the WIPP Equipment Register. 

As the WIPP underground is utilized for experiments and for storage, some rooms and drifts will 
be closed to access and new room and drifts will be mined. This is especially true south of S 1950. 
These changes will require new local air flow patterns to be set up for occupied spaces. Local ducts, 
airflow controls and auxiliary fans will be planned, installed and tested to verify that the local 
ventilation requirements are met. This plan will be altered to reflect these changes as needed. 
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UNDERGROUND DIESEL EQUIPMENT 

Diesel equipment is used in the underground to perform a variety of functions. The primary 
activities are: 

• Transporting muck (mined salt) to the SHS (or other designated muck storage sites) 
• Loading and transporting waste materials from the Waste Shaft Station to the Waste Storage 

Areas. 
• Loading and off loading of materials. 

The diesel powered equipment used underground is listed in Table 2. 
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Table 2: Underground Diesel Equipment 

WlPP MSHA MSHA 
.f.swm.1 M1011C•~ll!i:sr Dctsriptioo ~ ~.M!:!S!s:I Hf ~ ~ 

41-H-109 WESTMONT TRACTOR SPECIAL FSL912FW 66 6,000 24/0115-0 
52-H-OOSA TAYLOR FORKLIFI'( 41 T) TY-820L FIOL413FW 231 20.000 24/D92-0 
52-H-0078 TAYLOR FORKLIFI'(6T) TY-120 JD4276DF 66 9,500 24/0118-1 
52-H-OOSA GETMAN CH TRANSPORTER A-64 F5L413FW 128 10.000 24/0116-0 
52-H-0088 GE"IMAN CH TRANSPORTER A-64 F5L413FW 128 10.000 24/0116-0 
52-H-125 TAYLOR FORKLIFI'(20T) TY0-400S F8L413FW 185 16,000 24/D92-0 
52-H-126 TOYOTA FORKLIFI'(7 .ST) SFD70 12Z 94 20.000 UNKNOWN 
54-PE-001 DUETZ GENERATOR NONE F2LSllW 23 2,500 241Dl07-0 
74-0-089 IR AIR COMPRESSOR 250CFM FSL912FW 68 6,500 241Dll5-0 
74-H-014 PRIME SKID STEER L-1300 QVD 40 S,000 UNKNOWN 

MOVER LOADER 
74-H-026 TOYOTA FORKLIFT(4T) SFD35 llZ 81 10.000 UNKNOWN 
74-Q-014 SCAT/JES FIRETRUCK K-608 F3L912W 34 4,000 24/0100-0 
74-U-002-A EIMCO LHD 913 3304NA 110 10,700 241D88-0 
74-U-002-8 EIMCO LHD 913 3304NA 110 10,700 241D88-0 
74-U-000 GETMAN LUBE TRUCK A-64 F6L912W 82 7,500 24/0102-0 
74-U-006-A EIMCO HAUL TRUCK 985-TIS F8L413FW 185 16,000 24/D92-0 
74-U-006-8 EIMCO HAUL TRUCK 985-TIS F8L413FW 185 16,000 24/D92-0 
74-U~ EIMCO HAUL TRUCK 985-TIS F8L413FW 185 16,000 24/D92-0 
74-U-008 OE"IMAN SCISSOR LIFI' A-64 F6L912W 82 7,500 241D102-0 
74-U-020 KUBOTA TRACTOR L-245 DH1101-A 25 2,000 241Dl08-0 
74-U-021 KUBOTA TRACTOR L-245 081101-A 25 2,000 241Dl08-0 
74-U-022 ElMAC BOSS 8UOOY L-225 DHllOl-A 25 2,000 24/0108-0 
74-U-023 KUBOTA TRACTOR L-245DT DH! 101-A 25 2.000 24/0108-0 
74-U-024 KUBOTA TRACTOR L·24SDT DHllOl·A 25 2.000 24/0108-0 
74-U-032 TAMROCK SCALER. DH-430 F6L912W 82 7,500 241Dl02-0 
74-U-038 NORTHWEST SKID STEER LOADERSS81 D 4-108 JS 2,900 241D75-0 
74-U-039 EIMCO LHD 913 F6L413FW 139 12,000 24/D92-0 
74-U-105 EIMCO LHD FJC-120 3304 PCNA 100 10,700 241D88-0 
74-U-111 ATLASCOPCOBOLTER H-2260 F6L912W 82 7,500 24/0102-0 
74-U-114 GETMAN SCISSOR LIFI' A-64 F6L912W 82 7,500 241DI02-0 
74-U-115 FLETCHER SCALER. SV-40 F6L912W 82 7,500 241DI02-0 
74-U-116 ILG MANLIFI' 34HA F2Ll 101 28 2,500 24/0107-0 
74-U-117 EIMCO LHD FJC-130 3304PCr 165 33,000 24/DS4-56 
74-UE-042 GETMAN HAUL TRUCK 1241-13 F6L413FW 139 12.000 24/D92-0 
74-UE-043 GETMAN HAUL TRUCK 1241-13 F6L413FW 139 12,000 24/D92-0 
74-UE-044 GETMAN HAUL TRUCK 1241-13 F6L413FW 139 12,000 24/D92-0 
74-UE-060 GETMAN CRANE TRUCK A-64 F6L912W 82 9,000 241D102-0 
74-~7 NEVADA GENERATOR NGSDZM190 8F12L413PW 316 50,000 24/0120-0 
74-W-001 Mn.I.ER· ARC WELDER 4000 FJL912W 41 J,800 24/DIOO-O 
74-W-008 ARR ROAD SWEEPER ARMADll.LO SWl9XT 48 6,000 UNKNOWN 
75-W-004 Mn.I.ER PORTABLE 4000 FJL912W 41 J,800 24/DIOO-O 

WELDER 
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UNDERGROUND MONITORING 

The underground ventilation system is monitored on a regular basis to ensure compliance with the 
requirements of the procedures laid out by the WIPP Safety Department in the Safety Policy and 
Procedures Manual. 
The following elements of the underground ventilation system are monitored through the site wide 
Central Monitoring System: 

• Main Fan Aow rate quantities. 
• Differential pressure across each filter bank. 
• Differential pressure across selected bulkheads underground. 
• Access doors in selected bulkheads (open or closed). 
• Ventilation doors and regulator status. 
• Isolation valve and damper position status. 
• Main Fan operating status (on and oft). 
• Bypass or filtration mode. 
• · Main fan vibration levels. 
• Air Velocity and Quantity 
• Air Temperature, Relative Humidity and Barometric Pressure 

Bulkhead Door Monitoring 

A number of bulkhead vehicle doors are monitored by the CMS to indicate their position, either 
open or closed. Bulkheads associated with either an automatic shift to filtration or a reversal mode 
are equipped with automatic closers. 

Airflow and Differential Pressure Monitoring 

The Underground Ventilation Remote Monitoring and Control System incorporates those elements 
necessary to monitor the air flow conditions underground and report those conditions to the CMS. 
These consist of differential static pressure sensing stations, air mass flow velocity sensing stations, 
and both control and monitor capability for air flow regulators located in bulkheads throughout the 
underground. Reference Figure 10. (This system is being installed and is not fully operational as of 
the date of this plan) 

Air flow velocity is measured at fifteen stations underground as listed in Table 3. In addition, 
measurements made at the main exhaust fans and in the filtration exhaust fans aboveground. 
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Table 3: Air flow Velocity Stations 

Vl in N215 at W500 

V2 in Nl 100 at Wl 70 

V3 in N1400 at E450 

V4 in E140 at N220 
, 

V5 in N150 at E15 

V6 in W30 at NlOO 

V7 in W30 at S350 

V8 in W30 at S800 

V9 in W30 at SllOO 

VlO in Wl 70 at S2100 

Vll in W170 at S600 

V12 in E300 at S300 

V13 in E300 at S450 

V14 in S 1600 at E400 

V15 in S400 at E400 

Differential pressure measurements are made across eight bulkheads or air locks as follows: 

DPl monitors the pressure across the bulkhead in E140 at N200 to insure the experimental section 
is always positive with respect to the Radioactive Materials Area. Two regulators are also in this 
bulkhead and are monitored and controlled through the CMS. 

DP2 monitors the supply pressure across the bulkhead in N150 at E50 to insure proper flow in the 
crossover from the construction drift W170 to the exhaust stream. Two regulators are also in this 
bulkhead and are monitored and controlled through the CMS. 

DP3 monitors the pressure across the airlock in E140 at SlOO to insure the RMA supply stream is 
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always negative with respect to the northern sections of the underground. 

DP4 monitors the pressure across the bulkhead in E300 at S350 to insure the RMA exhaust stream 
is always negative with respect to the northern sections of the underground. Two regulators are also 
in this bulkhead and are monitored and controlled through the CMS. 

DP5 monitors the pressure across the airlock in E140 at S600 to insure proper flow of the RMA sup
ply air stream. 

DP6 monitors the pressure across the bulkhead in S 1000 at EO to enable a proper split between the 
supply air to the RMA and construction areas. Four regulators are also in this bulkhead and are 
monitored and controlled through the CMS. 

DP7 monitors the pressure across the bulkhead in the north end of Room 1 to control exhaust from 
that panel. A manual regulator is also in the bulkhead. 

DPS monitors the pressure drop in the AIS. 

Air Temperature, Relative Humidity, and Barometric Pressure 

The Air temperature, relative humidity and barometric pressure is measured at eight 
locations on the WIPP site, four in the underground and four on the surface. The four underground 
MINE WEATHER STATIONS are located at the bottom of each shaft. The surface stations are 
located at the top of the SHS, WS, and ES. They measure the air either entering or leaving the 
repository. The eighth station is located at the top of the exhaust shaft duct and measures ambient 
conditions outside. The data is used to calculate the Natural Ventilation Pressure (NVP) of the 
underground ventilation system. 
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NATURAL VENTILATION PRESSURE 

The air flow in the underground is driven by the negative pressure induced by the exhaust fans. 
There is a second pressure resulting from the difference in density of the air in the various air shafts 
called the natural ventilation pressure (NVP). 

Hot Weather NVP 

During hot weather, the air going down to the underground is warmer and less dense (lighter) than 
the air returning from the underground. Hence in hot weather there is an NVP which opposes the 
fan pressure. This reduces the flow and reduces the differential pressures between the Waste Shaft 
Station, Waste Storage Area, and the other areas. The air in the WS will be cooler than that in the 
AIS and SHS which further reduces the WS Station to W30 differential. 

Cold Weather NVP 

During cold weather, the air going down to the underground is colder and denser (heavier) than the 
air returning from the underground. Hence in cold weather there is an NVP which augments the fan 
pressure. The positive NVP reduces the fan (constant flow control) suction pressure, increases the 
downcast air flow in one or more air shafts and increases the differential pressure between the 
Waste Shaft Station, Waste Storage Area and the other areas. The air feeding the WS consists of 
leakage from the auxiliary air intake tunnel, leakage from the waste hoist tower and leakage from 
the waste handling building. The result is that the air feeding the WS is warmer than the surface 
air feeding the AIS. The consequences of this are a reduction in flow down the WS and possible 
reverse flow in the WS. Administrative actions are taken to adjust the underground regulators to 
avoid reverse flow in the WS. Under these same conditions of Cold Weather NVP, lower flow 
velocities in the SHS compared to the AIS in cold conditions can potentially cause the SHS flow 
to reverse. 
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Appendix A 

Drawing 54-Z-001-W 

Underground Mine Ventilation System 

A-1 
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CHAPTERF 
PROCEDURES TO PREVENT HAZARDS 2 

3 

The purpose of this chapter is to describe the measures taken at the Waste Isolation Pilot Plant 4 

(WIPP) during the Disposal Phase to prevent hazards. It describes the security equipment and 5 

procedures in place at the WIPP facility that continuously monitor and control entry onto the 6 

active portion 1 of the facility, including 24-hour security surveillance, fencing, and signs. This 1 

chapter discusses the facility inspections (including container inspections) that are conducted to 8 

detect malfunctions, deterioration, operator errors, and discharges that may cause or lead to 9 

releases of hazardous waste or hazardous waste constituents to the environment or that could 10 

be a threat to human health. Preparedness and prevention procedures, structures, and 11 

equipment are also documented. 12 

F-1 Security 13 

The security requirements contained in Title 20 of the New Mexico Administrative Code, 14 

Chapter 4, Part 1 (20 NMAC 4.1 ), Subpart V, §264.14, and in 20 NMAC 4.1, Subpart IX, 15 

§270.14(b)(4), require that security be provided by 24-hour surveillance or that a barrier be 1s 
provided to control entry::tg'j:~~fl@l!!j]p§mqg::::ef::~g!:::f!Pil!il::at all times. If these requirements 11 

cannot be met, a waiver from the security requirements may be requested. The following 18 

sections demonstrate that the WIPP facility fully complies with the requirements and that a 19 

waiver is not requested. 20 

F-1a Security Procedures and Equipment 21" 

The design and operation of the WIPP facility are specifically planned to fully meet the security 22 

requirements contained in 20 NMAC 4.1, Subpart V, §264.14(b) and (c). The WIPP facility is 23 

not requesting a waiver under 20 NMAC 4.1, Subpart V, §264.14(a), as it has 24-hour security 24 

surveillance and the means to control entry !! 'tn~ !mt1191.~9§t~m::M1::::1!9!!!1· In addition, 25 

warning signs are provided. The WIPP facility meets the security requirements as discussed 26 

below. 21 

1The active portion of the facility is Property Protection Area (PPA) as described in Chapters B and D. 28 
Within this area, the only area where transuranic (TRU) mixed wastes are handled outside of the 29 
ffi@rjl.~@¢.:::RiW.@itf.Itlii\i.'.91@(::tTRUPACT-ll). shipping container is inside the Waste Handling Building 30 
(WHB); ttiewastehoist;""aiid"the"i.ihderground. WheneverTRU mixed waste is handled, a Controlled Area 31 
(CA) is established::'J?t!WUi~J~Utiqlt. .. thP:tQIMim, which limits access to only trained personnel 32 
or to untrained per5onnel""(visifo.rs)""who ·are· cOritini.J'o"l.isly··under the escort of trained personnel.'[QU.Ji-i. 33 

• ~ 
F-1 01111196 2:35pm 



WIPP RCRA Part B Pennit Application 
DOEN/IPP 91-005 
Revision 5.2 

1 F-1a(1) 24-Hour Surveillance System 
2 

3 The WIPP facility's 24-hour surveillance system is comprised of security P:•flprotesti•Je feroe 
4 that provides protection 24 hours per day, 365 days per yearrm:::§§9Hnl::pijpi!l::191::j~p written 
5 procedures that require visitors, contractors, and vendors to log in before they are allowed to 
6 proceed to the Main Gate for access into the Property ProtestieR Ar:ea (PPA) (£eRe I); and 
1 ft9.!!r!: continuous monitoring of the eRtir:eactive portion of the facility (1 e sestieRs). This system 
8 fulfills the requirements of 20 NMAC 4.1, Subpart V, §264.14(b)(1 ). 
9 

10 Figure B-&£ in Chapter B, Facility Description, shows the relationship of the WIPP facility 
11 boundary, the PPA, and Zone II. Figure B-3§ shows the WIPP facility surface structures, their 
12 usage and structure numbers, and their relation to the fence. Figure F-1 shows the WIPP facility 
13 security gate, the Vehicle Trap, and the Gate House. 
14 

15 The major duties of the security P:li,l§protestive feroe are to control personnel, vehicle, and 
16 material access/egress 24 hours per day, 365 days per year. During nonoperational hours, the 
11 security 91~@protestive ferse conducts documented security patrols outside of the PPAiH!t:::j. 
18 m!n!IP.mi:f@t!::::11::11A:::1m;::::1:1:fM!f!iilll* as well as inside of the PPAi:l!::@::::tifJEi!::gijl:::@marm 
19 aqg(~. In addition to the security 9m9,!iprotestive feroe, WIPP facility employees are called 
20 upon to challenge any person in the WIPP facility who is not wearing a badge or who is not 
21 under escort when an escort is required. Further physical protection is provided by fences. 
22 protective lighting, and locked buildings. 
23 

24 F-1 a(2) Barrier and Means to Control Entry 
25 

26 The existence of a barrier and a means to control entry demonstrates compliance with 20 NMAC 
21 4.1, Subpart V, §264.14(b)(2). Each is discussed in detail in the following sections. 
28 

29 F-1a(2)(a) Barrier 
30 

31 The surface portion of the WIPP facility Property Protestien Ar:ea (PPA} is contained within a 35-
32 acre (14-hectare) fenced area. This area is surrounded by a permanent 7-foot-(ft) (2.13 meter-
33 [m]) high chain-link fence that is topped by three strands of barbed wire, for a total height of 8 ft 
34 (2.44 m). The fence encloses major surface structures. The regularly inspected chain-link 
35 fencing at the WIPP facility completely surrounds the active portion of the facility, thereby 
36 complying with 20 NMAC 4.1, Subpart V, §264.14(b)(2)(i). ::::~§li!l•l':IJ,liQi:jM}(§i.Qtt~Rl::f!ll[i; 
37 !$$!@:en ~n!:11:~::1m1:::1t::~m1::::1g~~:•::::mfiR'J.e,n!t••'91~~i•::11::;1Y•~1111:::11r::11111n11•:::1111i::t:m:::1t 
38 m~!:::s!~!i:::~!:::~nn!~•'•i1:::1.1ew:J~~tt••~·••1.s~B:•:'=9:::~111:::11u11~:~:'::g:::m;::mus.m11:::1:::gg1::111 
39 §9P!l~!qq:·~~··~!~ll* Figure F-2 shows the fence and signs that surround ZeRe l@!i,:::111· 
40 
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Entry into the PPA, whether by personnel or vehicles, is through controlled gates and doors. 2 

WI PP-facility access-control procedures are designed to ensure that only properly identified and 3 

authorized persons, vehicles, and property are allowed entrance to and exit from the facility. A 4 

personnel identification and access control system is maintained within the facility. Employees 5 

identify themselves with an identification badge when entering or leaving the premises. Security 6 

§ffl,9!~personnel require visitors to show proper authorization prior to allowing them to enter the 7 

facility. In addition, visitors are required to wear a temporary badge and may require an 8 

authorized escort. Because the WIPP facility controls entry to the active portion of the facility g 

at all times, the requirements of 20 NMAC 4.1, Subpart V, §264.14(b)(2)(ii), are met. 10 

F-1a(3) Warning Signs 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

The permanent chain-link fence surrounding Zone l~t!~m~ll is posted at approximately 50-ft 32 

(15.24-m) intervals with DOE "No Trespassing" signs and with "Danger: Authorized Personnel 33 

Only" signs in English and Spanish (Figure F-2). The signs are legible from a distance of 25 ft 34 

(7.62 m) and can be seen from any approach to the facility. These same signs, plus security 35 

and traffic signs, are also located on the controlled gates. The fence and gate signs at the WIPP 36 

facility fully comply with 20 NMAC 4.1, Subpart V, §264.14(c). 37 
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F-1b Waiver 

3 The WIPP facility fully complies with all three of the requirements of 20 NMAC 4.1, 
4 Subpart V, §§264.14(b) and (c), as described in Sections F-1a(1), F-1a(2)(a), and F-1a(2)(b) of 
5 this chapter. No waiver is requested. 
6 

1 F-2 
8 

Inspection Schedule 

s Equipment instrumental in preventing, detecting, or responding to environmental or human health 
10 hazards, such as monitoring equipment, safety and emergency equipment, security devices, and 
11 operating or structural equipment are inspected. The equipment will be inspected for 
12 malfunctions, deterioration, potential for operator errors, and discharges which could lead to a 
13 release of hazardous waste constituents to the environment or pose a threat to human health. 
14 

15 The WIPP facility maintains a series of written procedures that include all the detailed inspection 
16 procedures and forms necessary to comply with 20 NMAC 4.1, Subpart V, §264.15(b), during 
11 the Disposal Phase. Table F-1 lists each item or system requiring inspection under these 
18 regulations, the inspection frequency, and the organization responsible for the inspection. 20 
19 NMAC 4.1, Subpart V, §§264.15(b), 264.174, and 264.602, list requirements that are applicable 
20 to the WIPP facility. Appendix F1 contains @~~mp~§f:;:9f inspection checklists. 
21 

22 As discussed in Sections F-2b(2) through F-2b(8) of this chapter, the WIPP facility does not 
23 manage TRU mixed waste using tanks, surface impoundments, waste piles. incinerators, land 
24 treatment, landfills, or drip pads. Therefore, 20 NMAC 4.1, Subpart V, §§264.193(i), 264.195, 
25 264.226, 264.254, 264.273, 264.303, and 264.574, are not applicable to the WIPP facility. In 
26 addition, 20 NMAC 4.1, Subpart V, §§264.1033, 264.1052, 264.1053 and 264.1058, are not 
21 applicable to the WIPP facility because the WIPP facility does not perform distillation, 
28 fractionation, thin-film evaporation, solvent extraction, or air- or steam-stripping operations and 
29 does not have routine operations where equipment comes in contact with TRU mixed waste with 
30 organic concentrations of at least 10 percent by weight. Compliance with the specific 
31 requirements is discussed below and in the following sections. 
32 

33 Operational procedures detailing the inspections required under 20 NMAC 4.1, Subpart V, 
34 §264.15(a) and (b), are maintained in controlled document locations at the WIPP facility. 
35 Frequency of inspections is discussed in detail in Section F-2a(2). Inspections are conducted 
36 often enough to identify problems in time to correct them before they pose a threat to human 
37 health or the environment and may also be based on regulatory requirements. The operational 
38 procedures assign responsibility for conducting the inspection, the frequency of each inspection, 
39 the types of problems to be watched for, what to do if items fail inspection, directions on reYtiRg 
40 fGF...record keeping, and inspector signature, date, and time. The operational procedures are 
41 maintained at the WIPP facility. In addition to operational inspections for seRtast haRelee (CH} 
42 equipment, procedures are in place for routinely scheduled preventative maintenance and 
43 inspection of remete haRelee (RH} equipmentj[::IHflMB!!i!l!§llllfil~Blfl.:::wnli!tg~jj:~1:::t11ilS 
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form ar lag. Implementation of these procedures constitutes compliance with 20 NMAC 4.1, 
2 Subpart V, §264.1 S(c). 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Requirements of 20 NMAC 4.1, Subpart V, §264.1 S(d), are met by the inspections for each item 
or system included in Table F-1. The results of the inspections are maintained for at least three 
years. The inspection logs include the date and time of inspection, the name of the inspector, 
a notation of the observations made, and the date and nature of any repairs or other remedial 

actions.::::::::Y:IJ.er:::iiili:::r1::wim!::::§!i!l!ml:Ili!IBP.~::::g1::::-!e!lllan!~lmffl!:::@1::::1n~ 
~m::i!lloom::m,,:1::::m1::1111::1i:1t,11:::1m!:::1:1111111:::11:::11111nie::~e::1m''•9.!i!!lnt::r1111ik 
~1.t::!!:::11~mt1u·mm:::11::a1111t~::::~n::1.aagg::mt11n::illllln'::B.ita~sn11'::111?1.11!P:::91 
tn1:::::11YJll!IIJnit~!m1:::mJM:mtm!ttet:::101Im~it=1EHt.B:::::P.i!!Emu,~It9r::m11::::m1~!mn•;: 
e9if.PBmt:::nll!l:::srf::::mn!!ie1:::11::11m111111::11211B.::1:1::g01n:a:::m12gq,~::~u~m11::'1@~ 
'Mi.1tt1i~a:::::~11:t~oiHllbI:::11SHm1:::::::::::::m!t::::a11ofi::::::11:::111@m11:::::::~ni11::::::n11Y:o1.::::::r199rei: 
ii!m•n~::ia1::1::l~!ni!IR.:::n::1::1es•a::121111::~11::11.m::H1t11m::1a::1!fii::'11::111ti:::11m!!iii 
q@t1!;.:::Jfii::::!.1H1111::::111m::::1u:11f:J,IM11:::am.J.Im.1::::111:r1111Hm11111sim11e11r~:::::'=H!: 
~¥@l~:::1P:Bim1::ar~:::111::1mi11r::11111~::au11mm~:::11111.tta1t1111:;snn1u1t:-11~:::1n9 
~r~v~~w~!!§t::::1n::::B1111:::11::::~11::Jn1e.m1111::::u1111:::~nw1.nI1t.llil~i:a11ii:im1m:::m::::11mme1:::1m 

othet•·~¢ti().ns·:~~:::r~99mmio~~:\\\§¥i:!n!Ufl!..l.!mll.Um!nam1r:\:er\li!InP.ilft:!x::Q1F:i:111.1*: 
J:llese pr~¥~*=1.~v!.:::::::rnij~n~••~!¢~::rn:1:Uffl§:f~~J.9mJ.::11!ttt:::::~~1:::um1a1111:::i1n:J:wsem::::::::nt'=:::::::::111! 
m~cnan~ca1•:::!~~!9:t@:::::9u:1~m::::§'ffli!'-'!i.:::i:11g~met::::P.ml!Rli*:tfll!Il!IBBtlilW!:::1m!!¥il!IB!!l1 
<sAR>·cont~~~::m:::r!!91.f:::1:~':!11im!~i!:'@n~11M:!tl!m::9gmnsr:11~!ant:111::~g,::g1.a~ 
assoclated:~p!]i~li!!Fi[faft.i!§i:::mme~:::~nit!jggijf,::91::1rt:m11::ifimsi!!!l::11:::1~H:i::mr 
analysis.•·ana/~!:::~fjij!:J;i,!§!i:::ftj~itjotj!ijiji!!!Pi:]~l!Q.mi!i~ 

21 F-2a General Inspection Requirements 
28 

29 Tables F-1 and F-2 list the major categories of monitoring equipment, safety and emergency 
30 systems, security devices, and operating and structural equipment that are important to the 
31 prevention or detection of, or the response to, environmental or human health hazards caused 
32 by hazardous R=taterials~~~e. These systems may include numerous subsystems. These 
33 systems are inspected according to the frequency listed in Table F-1, a copy of which is 
34 maintained at the WIPP facility. The frequency of inspections is based on the nature of the 
35 equipment or the hazard ar R=teets fr:equensy~nf1.?f:ti.4J:@!§I requirements when these are 
36 specified. When in use, daily inspections are made. of a.re.as subject to spills, such as mm 
37 w~~~!Jloading and unloading areast:i~(th~ ~~. looking for deterioration in structures, 
38 mechanical items, floor coatings, equipment, malfunctions, etc., in accordance with 20 NMAC 
39 4.1, Subpart V, §264.15(b)(4). 
40 

41 As required in 20 NMAC 4.1, Subpart V, §264.33, the WIPP facility inspection procedures for 
42 communication and alarm systems, fire-protection equipment, and spill control and 

F-6 01/11/96 2:35pm 



WIPP RCRA Part B Permit Application 
DOE.WIPP 91-005 

Revision 5.2 

decontamination equipment include provisions for testing and maintenance to ensure that the 1 

equipment will be operable in an emergency. 2 

F-2a(1) Types of Problems 3 

The inspections for the systems, equipment, structures, etc., listed in Table F-1, include the 4 

types of problems (e.g., malfunctions, cracks in coatings or welds, and deterioration) to be 5 

looked for during the inspection of each item or system, if applicable, and are in compliance with s 
20 NMAC 4.1, Subpart V, §264.15(b)(3). The WIPP facility has performed analyses using waste 7 

characterization data provided by the waste generators. Based on these analyses, which are 8 

discussed in Section D-9b, no monitoring for releases of:tfii!inl!!ifli!f~j:j::9j]fi!~if:l9~ 9 

PRVMn!~O§~:j:~~gqgjfflj::jVOCs~ is needed in the '.'\laste Mandling Q1:1ilding (WHB}. Consequently, 10 

such equipment does not appear on the list of equipment requiring inspection. This conclusion 11 

~n;ti~~~w~:~ ~~n!~ed:;;~~~:!iittii~Hii~re~~~~:: o~R~il~~iliil!l,lll1i :: 
111t!::99n1t!~tmttt!::i1:::m~1n!21~::'1Yl.im::1mt;::::1r::m11~11t1t@t11mm9m,;1m!:::1t11Y1!~t:Mew 14 

~h!,t:m~~l~i!r9~i'V0Cs to the environment W!@Ijposea no threat to the health or safety of the 15 

public or workers. Analyses in Chapter D also show that, when containers are handled in the 1s 
WHB, the exposures and health risks posed by potential releases to individuals outside the 17 

building, based on average VOC concentrations in the containers, are many orders of magnitude 18 

below generally recognized health standards:::(!~::oc;91::Q!l}(s1:1st:t as tt:te Amerisan Conferense 19 

of Governmental Industrial Mygienists Tt:trest:tola Limit Value). Proper characterization of waste 20 

in accordance with the Waste Analysis Plan in this application will ensure that only wastes that 21 

are bounded by these calculations are accepted at the WIPP facility. 22 

F-2a(2} Frequency of Inspections 23 

Tables F-1 and F-2 list the inspection frequencies and monitoring schedule for equipment and 24 

systems subject to the 20 NMAC 4.1 hazardous waste management requirements. The 25 

frequency is based on the rate of possible deterioration of the equipment and the probability of 26 

an environmental or human health incident if the deterioration or malfunction, or any operator 27 

error, goes undetected between inspections. Areas subject to spills, such as loading and 28 

unloading areas, are inspected daily when in use, consistent with the requirements of 20 NMAC 29 

~m. subpart v, §264.15(b)(4). 30 

31 
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12 F-2b Specific Process Inspection Requirements 
13 

14 20 NMAC 4.1, Subpart V, §264.15(b)(4), requires inspections of specific portions of a facility, 
15 rather than the general facility. These include container storage areas, tank systems, waste 
16 piles, surface impoundments, incinerators, landfills, land treatment facilities, drip pads, and 
11 miscellaneous units. Each is addressed below. 
18 

19 F-2b(1) Container Inspection 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 
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•r11@:::,!11g:::a11:::11:::11:::11r1!fJ,J~o:::a:]mM.niU!tM:tm~•::11r!o:::m1111111~ri~~P:P:!mt::mnm''-!~ 1 

@n11r:::::::11ei::91m~::::::::mr1:::::::11~1::::::::~::::::::12:::::::1Mme!l~:::::::r!smr~••:I:t9r:::::::1a~n~•::::::§~ien!li 2 

i?ii!nm:1ot::1t1tim!*::::::1n1am1!11!::1f:irn1mru.me11mr!'='.:!:::11111t11e::iii!i::mB'::m::irni::eirnm9• 3 

1r11:::!fim~::91::mma119:::1:t:1::mH1a::91:=:m11=:111::91a;::•1~1::1rm::iim~iii::en:::~m1::~n'ln!9w 4 

1rae:Jnt1Jm:::9r:11:::11~11miIP111~111::1n1:=11::1?:1wga:::~1111nu1B1e1Rmtrn::~r~~-H~J1t=1>:~9 5 

~!rs.'=;::r:1n1:::101!mt:!W!EP:1::Jn~J.m~~!!~::::1:t::1::]nJ.m!mP:!t::e~:t2gj::t1!u 6 

F-2b(2) Tank System Inspection 7 

The WIPP facility does not manage hazardous or TRU mixed waste using a tank system as 8 

defined in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 4.1, Subpart V, 9 

Subpart J. Tank system regulations are not applicable to the WIPP facility. 10 

F-2b(3) Waste Pile Inspection 11 

The WIPP facility does not manage hazardous or TRU mixed waste using a waste pile as 12 

defined in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 4.1, Subpart V, 13 

Subpart L. Waste pile regulations are not applicable to the WIPP facility. 14 

F-2b(4) Surface lmpoundment Inspection 15 

The WIPP facility does not manage hazardous or TRU mixed waste using a surface 15 

impoundment as defined in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 11 

4.1, Subpart V, Subpart K. Surface impoundment regulations are not applicable to the WIPP 18 

facility. 19 

F-2b(5) Incinerator Inspection 20 

The WIPP facility does not manage hazardous or TRU mixed waste using an incinerator as 21 

defined in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 4.1, Subpart V, 22 

Subpart 0. Incinerator regulations are not applicable to the WIPP facility. 23 

F-2b(6) Landfill Inspection 24 

The WIPP facility does not manage hazardous or TRU mixed waste using a landfill as defined 2s 

in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 4.1, Subpart V, Subpart N. 26 

Landfill regulations are not applicable to the WIPP facility. 21 

F-2b(7) Land Treatment Facility Inspection 28 

The WIPP facility does not manage hazardous or TRU mixed waste using land treatment as 29 

defined in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 4.1, Subpart V, 30 

Subpart M. Land treatment regulations are not applicable to the WIPP facility. 31 
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F-2b(8) Drip Pad Inspection 

3 The WIPP facility does not manage hazardous or TRU mixed waste using drip pads as defined 
4 in 20 NMAC 4.1, Subpart I, §260.10, and regulated under 20 NMAC 4.1, Subpart V, Subpart W. 
5 Drip pad regulations are not applicable to the WIPP facility. 
6 

1 F-2b(9) Miscellaneous Unit Inspection 
8. 

s 20 NMAC 4.1, Subpart V, §264.602, requires that inspections required in 20 NMAC 4.1, 
10 Subpart V, §§264.15 and 264.33, as well as any additional requirements needed to protect 
11 human health and the environment, be met. The requirements of 20 NMAC 4.1, Subpart V, 
12 §§264.15 and 264.33, are discussed in Section F-2 of this chapter, along with how the WIPP 
13 facility complies with those requirements for standard types of inspections. The geomechanical 
14 monitoring program is described in Section 0 Qe(1 )Qj":qp(l!lf Inspection frequencies for 
15 geomechanical monitoring equipment are provided in Tahie .. F~·1. The monitoring schedule for 
15 geomechanical instrumentation is given in Table F-2. 
17 

18 F-3 Waiver or Documentation of Preparedness and Prevention Requirements 
19 

20 As described in the following sections, the WIPP facility has a variety of communications systems 
21 and emergency response equipment and possesses a continuous water supply to meet 
22 emergency situations. In addition, procedures are in place to respond to emergencies involving 
23 hazardous waste or hazardous waste constituents. These systems and procedures fully meet 
24 the preparedness and prevention requirements of 20 NMAC 4.1, Subpart V, §§264.32, 264 34, 
25 and 264.35, and therefore, no waiver under 20 NMAC ~.1, Subpart IX, §270.14(b)(6), is 
26 requested. 
27 

28 F-3a Equipment Requirements 
29 

30 The WIPP facility is well equipped with internal and external communications systems, 
31 emergency equipment, and water for fire control. As shown in the following sections, the facility 
32 fully meets the requirements of 20 NMAC 4.1, Subpart V, §§264.32 and 264.34. 
33 

34 F-3a(1) Internal Communications 
35 

36 20 NMAC 4.1, Subpart V, §264.32(a), requires a facility to have an internal communications or 
37 alarm system capable of providing immediate emergency instructions (voice or signal) to facility 
38 personnel. In addition, 20 NMAC 4.1, Subpart V, §264.34(a), requires that employees have 
39 immediate access to an internal alarm or emergency communication device when handling TRU 
40 mixed waste. The following discussions show that the WIPP facility is well equipped for internal 
41 communications and fully complies with the regulations. 
42 
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The intraplant communication systems, designed to provide immediate emergency instructions 1 

to facility personnel, include two-way communication by the public address (PA) system and its 2 

intercom phones and paging channels, an intraplant telephone system, mine phones, pagers and 3 

plectrons, portable two-way radios, and local and facility wide alarm systems. The procedures 4 

for notifying facility personnel in an emergency anEI tl:le lesaticms Gf tl:lese semml:lnisatien 5 

systems are contained in the Contingency Plan, Chapter G, $-~iU]ll~A~ of this permit 6 
application .:::::::§i:@::::i!ii~:~:§i.!19@\fitii.(l.).i: ····································· 1 

The intercom system (with an integral PA system) consists of handset stations and loudspeaker 8 

assemblies, with multiple amplifiers. The system has multiple channe1s=:::~pi::li:i!iromr\i::::§g!@~g9~.;. 9 

ene for PA ane paging anEI tl:le etl:lers for ineepeneent party lines. Initial communication between 10 

parties within the plant can be established by using the paging channel. Each designated 11 

location has a single set of electrically isolated speakers and a handset. In order to cover most 12 

areas in the plant, loudspeakers are properly oriented, and volume levels are adjusted. If one 13 

station fails, the remaining stations are isolated from the out-of-service unit to prevent a failure 14 

in the remaining system. 15 

Private branch automatic exchange two-way communication is provided between any two 15 

telephones located above or below ground. Direct dialing to outside telephones and direct 11 

dialing to WIPP facility telephones are provided by this system. Failure of a single telephone 18 

station does not affect the balance of the telephone system. If the telephone system should fail, 19 

the PA system, the plectrons, and the portable two-way radios provide backup surface 20 

communications. 21 

The Site Notification System (SNS) consists of pagers in the possession of office wardens and 22 

plectrons located in various buildings. The SNS pagers and plectrons are tone-activated radio 23 

receivers that are activated by the two-way radio system. To generate a tone on the pagers and 24 

plectrons or to send a verbal message, the radio operator enters a security code into the two- 25 

way radio system and begins broadcasting. The SNS pagers are portable and battery-operated. 26 

The plectrons are portable and can be plugged into a standard electrical circuit or powered from 21 

internal batteries that are continuously recharged when connected to the electrical circuit. 28 

A plant radio station in the Guard and Security Building, one located in the Emergency 29 

Operations Center in the Safety and Emergency Services Buildingl\ and one in the Central 30 

Monitoring Room (CMR), allow two-way radio communication with on-site personnel and with 31 

mobile/portable WIPP facility YRits(i9~9! operating on and off the WIPP site. The two-way radio 32 

also allows one-way emergency notification on the portable SNS pagers and plectrons. The two- 33 

way radio system located in the CMR is supplied with power from the uninterruptible power 34 

supply if the off-site power supply fails. 35 

There are various alarm systems used at the WIPP facility. The PA system has two alarm tones 36 

in use~::::::j:\:!Y,ll;l,::\::j9g:~\@[::::9qpQ. Its signals are produced in the master PA console by a tone 37 

generator and are transmitted sitewide over the paging channel of the system, overriding its 38 
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normal use. The signals are intermittent and of high intensity. The evacuation tone is @iiRlP 
2 ~qi.i::::!lt:::1 used for, and limited to, situations requiring immediate, rapid, and complete (or 
3 selective area) evacuation. The evacuation tone is initiated manually on the surface. In the 
4 underground, the evacuation tone may be initiated manually or automatically by underground fire 

5 detection and alarm systems. m11:11m!]!'::1i11:::~t:B,g:1111~::1::1t::1::1nmpll,@~:::a~:::~1::~i!ff~ 
6 fPt::ti!Sft::m§!l!!ilt!Ui! These alarm signals take priority over other signals on the paging channel 
1 but do not affect the intercom channels. Evacuation alarms using the PA system, local and 
8 plantwide, also can be initiated manually from the CMR in the Support Building. The audible 
9 alarm signals are supplemented by warning lights in high ambient-noise areas underground, 

10 such as active mining areas. These alarms are supplied with power from the uninterruptible 
11 power supply if the off-site power supply fails. Other alam:is inel1:1ae leeal ~1:1ilaing fire alam:is 
12 aMilfim:::fr,;:::iili!rm@i:]!riJi!\ir9i!!!;:!i!:::Q9a:::mi@ followed by a message en the PA systeR=i. 
13 we1m:::ritm=:::!~im!!Iir!I11u::m,1111: 
14 

15 Whenever TRU mixed wastes are handled, two persons, at a minimum, are involved in the 
16 operation. The WHB contains readily accessible telephones and PA stations throughout-tRe 
11 Wl=m. The mine phones are the main means of communication underground, although the PA 
18 system is also available. The R=iine phenes are R=ievea perieaically se that they are R=iaintained 
19 elese te the werk areas. 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

vai:l~rst94mm::::1911moJ.i@!ieit:::11~~;:::"'1rm::::1111m::)l1::=:§1:::1rt11111:::1e:::mm1::11u1s1~r1•11::::1t 
aP'EmB ?£~t::m@11mmn1!:::§r::;qm.1lrmtw11;:::92m.m1@g§e1:::1111m1a1!m:::1m11119n!:::a::a1r 
~: ~'~ 9~:::::1mm§f::::1:r::f:9Pmm!nB!inII:rmm::::::::9111r,9µna:::::=:::1:1::::::1t1::::::::1Ytt1a~=:=:::I:::::::::11g: 

Am9 rnt111~~n~9Mm':::1nm11:::::m1•1~rI::=:=::1::::11111~::::111::::1"11nB::::11::::B11:::1a1:::::1,1n::::~~' 
w~m~rs=•·~p19~1~f@!:::§t'm11:=:1i~m;::::er1v§~o~:::1m:::1@:1m11:::ie:::1i11:m11::10:::1:::9rq~t:::oo1111r::12 
er§yig~ fqr~~r::gtf::::!ii§m~9nrn::mma!!Yr::!fi!l!':•m9Y!lmiiI~a•:::1::g1~!msF111.~f.·•~PR.l~Mef 
?etns.•=·~~n···=~~wi:•::::,=:=1!:::=@!1::§~=~tJ!::::nri~lm!fPnlM!nillBn~::::im1trm1:11ttm1ns, ...• ~1.11:::111s!iml. 
ppg@99n~·An!mtsriim~:::1i!ti::nill!mi==t1:~~ail!lrn1:11H\l,i!mt.sriit1:::a1Yma1111•:1t1: 
r:~~i:I& ~n? ~~:::19P9tjim::•:1~:::m•J!::1!f1m,1:1~m1:;::=::1al!::::11n11i111,~ 

33 Table G~ in the Contingency Plan, Chapter G of this permit application, describes the 
34 capabilities and locations of the various internal communication systems. 
35 

36 F-3a(2) External Communications 
37 

38 20 NMAC 4.1, Subpart V, §264.32(b), requires that a communications device be available for 
39 contacting outside agencies for emergency assistance. In addition, 20 NMAC 4.1, 
40 Subpart V, §264.34(b), requires that if just one employee is on the premises, the employee must 
41 have immediate access to a device capable of summoning outside help. TRU mixed waste 
42 handling operations are not conducted at the WIPP facility when only one person is present on 
43 the premises. TRU mixed waste handling operations are conducted by two or more persons. 
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The security !fj!~g1:1ar:S feFGe and staff from Facility Operations are also present at the WIPP 1 

facility during TRU mixed waste handling operations. When no TRU mixed waste handling 2 

operations are being conducted at the WIPP facility, at a minimum, the security 9!!1§Pretective 3 

f9F6& and staff from Facility Operations are present. As discussed below, the WIPP facility has 4 

the required external communication devices and operates in a manner that fully complies with 5 

these regulations. 6 

The external communication systems, designed to provide two-way communication with outside 1 

agencies or for summoning emergency assistance from off site, include the commercial 8 

telephone system and two-way radios. 9 

Direct dialing through any telephone located above or below ground allows contact with outside 1 o 
agencies. Failure of a single telephone station does not affect the balance of the telephone 11 

system. Sixty percent of the direct-dial incoming and outgoing lines are routed via a microwave 12 

system located on the edge of the parking lot. The remaining 40 percent of the direct-dial lines 13 

are routed to Carlsbad by means of a buried cable. This diverse routing allows for continued 14 

direct-dial capability if either of the routing modes fails. 15 

Plant radio stations in the Guard and Security Building and in the Emergency Operations Center 16 

in the Safety and Emergency Services Building allow two-way radio communication with the 11 

CMR, the Eddy County and Lea County Sheriff's Departments, the Hobbs Fire Department, the 18 

New Mexico State Police, the Guadalupe Medical Center, the Lea Regional Medical Center, and 19 

the Otis Fire Response Teams.::::::llitll!r::§@!~Uit@nl!::'!!:::m:::~ll~Hlll~::::nmY!r::m:!!:::n§t!'ilitliJ~Y 20 

A~9t#.99mmP:m~9!tiji~~n:::e1iwr111rnm~M:::'1ism!':if:::11t::!11r111i?m111111~::~n!i:'1r1::mr11119, 21 

?~!'' ~n9 rt?:e~~r1i;u:1~::111u!m 22 

Table G-~ in the Contingency Plan, Chapter G of this permit application, describes the 23 

capabilities and locations of the various external communication systems. 24 

F-3a(3) Emergency Equipment 25 

Contingency Plan (Chapter G of this permit application) describes the capabilities and locations 26 

of the fire-suppression equipment and systems. Table G-J.:{ lists the types of fire-suppression 21 

systems by structure. Figure G-5 displays the underground locations of emergency equipment. 28 

Figure G-6 shows the fire-water distribution system on the surface. Figure G-7 shows the 29 

underground fuel area fire protection system. The information contained in these tables and 30 

figures demonstrates that the WIPP facility has the portable fire extinguishers, fire-control 31 

equipment (including special extinguishing equipment that use foam, inert gas, or dry chemicals), 32 

spill-control equipment, and decontamination equipment needed for compliance with the 33 

requirements of 20 NMAC 4.1, Subpart V, §264.32(c). 34 
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F-3a(4) Water for Fire Control 

3 20 NMAC 4.1, Subpart V, §264.32(d), requires that the WIPP facility be equipped with water at 
4 an adequate volume and pressure to supply water-hose streams, foam-producing equipment, 
5 automatic sprinklers, or water-spray systems. The following discussion on fire control systems 
6 at the WIPP facility demonstrates compliance with this requirement. 
7 

8 The primary function of the WIPP facility water system is to supply water for domestic use and 
9 fire protection. Water is furnished by the Double Eagle Water Company, owned by the City of 

10 Carlsbad. Wells located 30 miles (mi) (48.3 kilometers (km)) north of the WIPP facility are the 
11 source of the water. Water is supplied by gravity flow through a 24-inch-(in.) (61-
12 centimeter- [cm]) diameter pipeline to a junction point about 13 mi (20.9 km) north of the site at 
13 U.S. Highway 62/180. This line is sized to provide 6,000 gallons (gal) (22,712 liters [L]) per 
14 minute for use by others, in addition to the peak flow rate required by the WIPP facility. Controls 
15 at the junction point give the WIPP facility priority over flows to all other users. A 10-in·.- (0.254 
16 ffi-~§l§!) diameter pipeline supplies water by gravity flow from the tie-in point to the WIPP 
17 facility. 
18 

19 At the WIPP facility, the water enters a pair of 180,000-gal (681,372-L) aboveground storage 
20 tanks located adjacent to the Pumphouse (Figure F-2). These tanks are 32 ft (9.75 m) in 
21 diameter and are constructed of welded steel. The water level in each tank is monitored in the 
22 CMR. Of the 360,000-gal (1,362,744-L) total capacity, about 160,000 gal (605,664 L) 
23 (80,000 gal (302,832 L] per tank) are designated for storage of a two-day supply of domestic 
24 water. At least 180,000 gal (681,372 L) of the remaining 200,000 gal (757,080 L) of water are 
25 dedicated to fire suppression and are sufficient to handle the maximum credible fire. Separate 
26 sets of pumps for the domestic water and fire-water systems are provided in the Pumphouse. 
21 During a fire, the fire-water pump is automatically started, and available domestic water is used 
28 first. Upon depletion of the domestic-water inventory, the domestic-water pumps are 
29 automatically shut off, and the dedicated fire-water reserve is available for fire-suppression use 
30 only. The primary fire-water pump is a 100-percent-capacity electric pump. A 100-percent-
31 capacity diesel fire-water pump provides backup in case of a power failure or when maintenance 
32 is required on the electric pump. Each fire-water pump is rated at 1,500 gal (5,678 L) per minute 
33 at 125 pounds (lb) (56.7 kilograms [kg]) per square in. 
34 

35 The following buildings are connected to and protected by the wet-pipe sprinkler system: the 
36 Pumphouse, the Guard and Security Building, the Support Building, the WHB, the Exhaust Filter 
37 Building, the TRUPACT Maintenance Facility, the Engineering Building, the Safety and 
38 Emergency Services Building, the Training Building, and several other warehouse and 
39 maintenance buildings. The Pumphouse, the Support Building, the WHB, and several other 
40 warehouse and maintenance buildings also have fire hoses connected to this system. There is 
41 no firefighting water-supply system underground. Instead, the underground is equipped with fire 
42 extinguishers of various types and in various locations (including vehicles) and a fire truck with 
43 a 125-lb (56.7-kg) chemical extinguisher. The underground fuel station is equipped with an 
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automatic, 1,000-lb (453.5-kg) chemical extinguishing systems. Only firefighting foam or water 1 

are used to fight fires involving TRU mixed waste. 2 

F-3b Aisle Space Requirement 3 

20 NMAC 4.1, Subpart V, §264.35, requires that a facility maintain sufficient aisle space to allow 4 

the unobstructed movement of personnel, fire protection equipment, spill control equipment, and 5 

decontamination equipment to aA¥-areai of the facility during an emergency (other than a 6 

permanent disposal stack). 1 

Waste Handling Building 8 

During TRU mixed waste handling operations, sufficient room is maintained for unobstructed 9 

movement of personnel, fire-protection equipment, spill control equipment, or decontamination 10 

equipment to areas in the WHB. 11 

Waste containers will remain inside the TRUPACT-11 shipping containers on the trailers parked 12 

outside the WHBj:•§r!•i!tl!]f'=H]!ilillli:§~'ppf.ttg••:af:~j•until TRU mixed waste handlers are prepared to 13 

handle them. As shown in Figure D..fr.1\ there is ready access to all areas within the WHB where 14 

hazardous wastes are handled. Seve.n-packs ljq'{q[:•e:m1:::are unloaded from the TRUPACT-11 15 

container in the CH Bay in the WHB (see Figure D~). The CH Bay can handle the 16 

unloading of four TRUPACT-11 containers at one time. :::1.B:::mtEi@n!llt!]i.t~UinJ9i~IP:Imm:::1~ 17 

a ti~. ip ~ mn.·1@¥s 18 

At all times, written procedures ensure that TRUPACT-11 containers, shipping casks, facility 19 

pallets, and sevenfi'."-packs~• ~~~j'j':::~a~Jlqq:::•:::gjtjlg~l~l:::amlll:l::g,11Ql§~~l!imilillfl)~f:·:or 20 

canisters are managed in the WHB in a manner to prevent obstructing the movement of 21 

personnel, fire-protection equipment, spill-control equipment, and decontamination equipment. 22 

secti.e>;n-•.R+1Q~(&U!J s!ie9i!!§ ~~~!-~i~*~ !<?~·•~nt~m!l':•:1::::iimt!!n!r:••121~:::•9n~ii 23 

Underground HazamoUs?Waste Management Units 24 

The mined areas underground are all maintained to provide free access to the repository and 25 

to the face of the waste disposal areas in the active panels. li]ifl!liiP.:::::~g:rg:•:::§nll::•:Bi 25 

~equate access is provided for movement of personnel, fire equipment, or spill-controlled 21 

equipment to any area of operations during an emergency or response action, as provided in the 28 

facility contingency Plan (Chapter G). Wf)~§! ~m§ lllllYP.ll''!l::::mieBtien:'::pv:::nm~llUtim!; 29 

~ti~~m~ :mm1~~t:•aY.1tt~tlrs:tWaste dispesal~tnPl.!911.im occurs sequentially on a room-by- 30 

room basis until each room in a hazardous waste management unit (HWMU) panel has been 31 

filled with waste centaineFS. Derived waste will be emplaced in the disposal rooms along Ii 32 

the witR-TRU mixed waste. Once panel closure has been effected, the waste is considered 33 

disposed of, and access is no longer provided beyond the panel closure barrier to closed 34 

HWMUs. 35 
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13 F-4 Preventive Procedures. Structures. and Equipment 
14 

15 The design and operation of the WIPP facility fully meet each of the requirements of 
16 20 NMAC 4.1, Subpart IX, §270.14(b)(8), to prevent hazards associated with unloading 
11 operations, prevent runoff from hazardous waste handling areas, prevent contamination of water 
18 supplies, mitigate the effects of equipment and power failures, prevent undue exposure of 
19 personnel to hazardous waste, and prevent releases to the atmosphere. The individual 
20 regulatory requirements are discussed below. 
21 

22 F-4a Unloading Operations 
23 

24 The WIPP facility's equipment, structures, and procedures are specially designed for the safe 
25 handling of TRU mixed waste. Section D Qa(2)(b)l'.~Qi(@),:: details how both CH and RH TRU 
26 mixed waste f&ili handled, including unloading and transport operations. The following is a 
21 summary of the activities, structures, and equipment that were developed to prevent hazards in 
28 unloading of TRU mixed waste, as required by 20 NMAC 4.1, Subpart IX, §270.14(b)(8)(i). 
29 

30 The TRUPACT-11 shipping container has a gross loaded weight of 19,265 lb! (8,737 kgs). The 
31 TRUPACT-11 shipping container has forklift pockets at the bottom of the container specifically for 
32 lifting the container with a forklift <see Figure G440-2{'). The 13-ton- (11.8 metric tons) electric 
33 forklift unloads the TRUPACT-11 from the trailer and transfers it to an unloading dock in the WHB 
34 (see Figure ~~I,). The unloading dock is designed to accommodate the TRUPACT-11 
35 container and functions as a work platform, providing TRU mixed waste handling and health 
36 physics personnel with easy access to the container during unloading operations. 
37 

38 An overhead 5-ton (4.5-metric-ton) crane and adjustable center-of-gravity lift fixture transfer TRU 
39 mixed waste containers from the TRUPACT-11 to the facility pallet in the WHB floor. The facility 
40 pallet is a fabricated steel structure designed to securely hold ~fIS§!li!lstaRetar:d 
41 waste boxes (SV\ti). Each facility pallet has a rated load capacity of 25,000 lb (11,33B!::~::~mtl 
42 kg). The upper surface of the facility pallet has two recesses sized to accept the se>:eR pa6ks 
43 or the S\AJ.QsW,iit~::!Rnt!Jr!!fi. ensuring that the containers are held in place. SlietiR§ bFaGkets 
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engage protruding ftanges en tt:ie i\'VSs te slan:ip tl:ien:i te tl:ie pallet. t.Hi~i!l@Mour SWBs~ eF-four 
seY6Rj:t~packsi:::m9lliia:::~tllmsi:::m::1§1!~!!n@lill!i~:::9t:•::mi:::may be placed on 2 

a facility pa11et. iil*=::::m1::::§f::niti:::::99n!!i!iH!l::::mr1P:ei9J!91J::::~9:::::n!!!!tm:••::9jrj:::•io•:::~!!'::~9p 3 

~-~~l~l~:~~~~l~ll~ll~ll~li~oreciangular~be 4 
openings in the bed allow the facility pallet to be securely lifted by forklift. 5 

• : 
RH TRU mixed waste will arrive at the site in road casks (see Figure ~t~:~). will be surveyed 9 

for radiation, and will be placed on cask-transfer cars (see Figure ~IQ). The cask will be 10 

moved to canister Transfer Cells in the Hot Cell area of the WHB RH Bay. The RH Bay also 11 

provides space for an overhead bridge crane with an auxiliary hoist used for road-cask handling 12 

and maintenance operations. The RH cask will be unloaded from the trailer using the overhead 13 

bridge crane. 14 

During cask transfer to the Hot Cell, the cask-seal collar and adapter rings provided will allow 15 

the interior of the road cask to become an extension of the hot-cell ventilation system when it 16 

is mated to the floor port in the Hot Cell to prevent the release of contaminants outside the Hot 11 

Cell. Large concrete shield plugs are provided on the floor of the Hot Cell (see Figures D 23Pf 10 

21). These are removed when the RH waste is transferred to the Transfer Cell. The major 19 

waste handling equipment in the Hot Cell includes a remotely operated bridge crane; a remotely 20 

operated bridge-mounted power manipulator; two pairs of manipulators; and a portable, remotely 21 

operated welder. The crane is designed to stay on its rails and maintain load control in the event 22 

of a design-basis earthquake or electrical outage and has a manual override. 23 

All unloading equipment is inspected in accordance with the schedule shown in Table F-1. 24 

qranes•~n<:J• f9tm!~~~n!~•·~m.~eciin••·tt¥:•••4ntoadin9 ~rt9 n!ns~n1:::9r::m1:::m!!!e:::r1m~::n!vi:::ei@n 25 

design~ci··•~ttq :99Pi~iii9••··~9 ~paftfl~x·••Witl. retairf •tn!m !g!!§::::11•···~~::::1,1.,1::::1:::1:·••~!!!•:::1:::•e9Yfir; 26 

Qrari~§•••~P ~!1~ ~1:::11H~J!P §~Sign~ !ri ·withstand ... ~ 9!~J§q:::pg!1:::@imll!!~Ulil!IUl§¥m~· 21 

tff:f··••·q~tb~if: tij~1~ !"9 j!~tne4~ iftt:>PJ)ins its 1oad. L~nst:m111:m111:::::1~g).t::•p~fl!irt1 20 

gi~fµµtiy~ ~y~)~~i 29 

The following is a summary of the activities, structures, and equipment that were developed to 30 

prevent hazards in transporting TRU mixed waste. 31 

Palletized TRU mixed waste is transferred by a 13-ton (11.8-metric-ton) forklift to the conveyance 32 

loading car (see Figure ~1~). which is designed with an adjustable bed height that is used 33 

to transfer the facility pallets to the special pallet-support stands in the waste hoist cage. 34 

The waste hoist system in the waste shaft and all waste shaft furnishings, designated as Design 35 

Class lllA, are designed to resist the dynamic forces of the hc;>isting system and to withstand a 36 
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design-basis earthquake. Maximum operating speed of the hoist is 500 ft (152.4 m) per minute. 
During loading and unloading operations, the waste hoist is steadied by fixed guides. The waste 
hoist is equipped with a control system that will detect malfunctions or abnormal operations of 
the hoist system, such as overtravel, overspeed, power loss, or circuitry failure. The control 
response is to annunciate the condition and shut the hoist down. Operator response is required 

to recover from the automatic shutdown.rE!!ii:i§§!ml9R!i!t!§rn!li'IJlml§§!ly]fi9tittlri~::::~fai:l'~@.~ 

The waste hoist shaft system has two pairs of brake calipers acting on independent brake paths. 
The hoist motor is normally used for braking action of the hoist. The brakes are used to hold 
the hoist in position during normal operations and to stop the hoist under emergency conditions. 
Each pair of brake calipers is capable of holding the hoist in position during normal operating 
conditions and stopping the hoist under emergency conditions. In the event of power failure, the 
brakes will set automatically. 

The hoist is protected by a fixed automatic fire suppression system. Portable fire extinguishers 
are also provided at several points on the hoist floor and in equipment areas. 

20 Once underground, the facility pallet is removed from the hoist cage by the underground waste 
21 transporter (see Figure ~Ii~). a commercially available articulated diesel vehicle. The 
22 trailer is designed specifically for transporting palletized TRU mixed waste and is sized to 
23 accommodate the facility pallet. All motorized waste handling equipment is equipped with on-
24 board fire-suppression systems. 
25 

26 The underground waste transporter is equipped with a speed governor, rupture-proof diesel fuel 
21 tanks, and reinforced fuel lines to minimize the potential for a fire involving the fuel system. 
28 Waste containers will be placed into underground waste management areas using a battery-
29 powered forklift. 
30 

31 For the RH waste transport, a shuttle car operates beneath the Hot Cell in the canister-transfer 
32 cell to move the RH canister to the cask-loading room, where the waste is placed in the facility 
33 cask (see Figure D-24) for subsequent transfer underground. The waste hoist is used to move 
34 the facility cask to the underground HWMU for emplacement. Transfer operations are monitored 
35 by closed-circuit television cameras. The facility cask will be used to move the RH waste 
36 underground from the waste hoist to the emplacement area. 
37 

38 All TRU mixed waste transport equipment is inspected at a frequency indicated in Table F-1. 
39 

40 

41 

42 

43 
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!amtmn1::::::11111en~lml>,mm1l::1m.1t1!!!ni=:P:~m11:::::::101:::::::1111mM:::::r.en.:::::::~:,:::::~1r-m11::r10~ 1 

~siem!~~,::~P1iim:::@11m!!n~1s 2 

F-4b Runoff 3 

The following description of procedures, structures, or equipment used at the WIPP facility to 4 

prevent runoff from TRU mixed waste handling areas to other areas of the facility or environment 5 

or to prevent flooding is required by 20 NMAC 4.1, Subpart IX, §270.14(b)(8)(ii). 6 

The WHB is a physical barrier that will prevent TRU mixed waste spills from reaching the 1 

environment before a cleanup could be initiated and completed. A detailed description of the 8 

WHBjj:§emliiin~:::!!p@!M!ii is contained in Section D Qa(3)(b)lfl:i~~~i The WHB floor plan is 9 

shown in Figure~!, Appendix 03 contains engineering drawings showing additional WHB 10 

details (e.g., fire protection and ventilation). TRU mixed waste handling operations are described 11 

in Section D Qa(2)(b)fljil,j(f:),i TRU mixed waste containers remain in the shipping container 12 

until removed at the unloading dock in the CH Bay or in the RH Bay inside the WHB. 13 

n:m1:::n~?r:::~!:::1net1::::1!i::11m11:::111::1(11::::J,1,:::P:111@;:::11n1::1!mm111:::99111mms1~:::i9r:'tm! 14 

!m94n!~·=:e!:2:~1M1111::::1n1:]111:::mo:::11.m::•~:•m1~1:::91:::1mm1v:::•m:::=1,n::11:::a1I1:M2m9!1 15 

9?:~!nmin~:~1::,:1!~w::11:m1:1:::11::~11:a111im1.::a1J.1mm11•11::111ti]i!l:::'111n::!mim:;::gr::nn!g~I! 16 

§~!fii:i:¥n§~~!:11m::::11::=v1m~::::1t::11111~mu:::111:::~m1r111::::illn1:::1!1 11 

TRU mixed waste received for emplacement at the WIPP facility must be certified under the 18 

waste acceptance criteria (WAC) as containing no free liquids; in some cases, the DOE will allow 19 

up to one percent residual liquids ~i!!ii:::9~il!!il1:::::1,@l@!Ml~i@~- The WAC are procedural 20 

controls that must be met at the generator or storage site and the data must be verified by the 21 

WIPP facility staff prior to acceptance for the Disposal Phase and shipment to the WIPP facility. 22 

Chapter C contains information regarding WAC requirements for shipping and discusses receipt 23 

and verification of the TRU mixed waste at the WIPP facility. E@llfl!Pfil:i;!m:i:'§lmifi:=:l11\M~@), 24 

~gipg~,(~ ~ft@f Gpne percent residual liquid in each d™m of TRU mixed waste 9,9,l!!iii'i:!i, 25 

~~§~ty s9n~~m~ ?t]m1:::a~:::,1e1r::::P:r !i1::!4mB:::::~n]:~111,::::::m1u::§!~1::::::1m1:::::~11:rnr~niftr:=:::21mf& 26 

approximately 0.55 gal (2.08 b) of liq1:Jid. In the event of a breached TRU mixed waste sontainer, 21 

this small amo1:Jnt of liq1:Jid wo1:Jld travel no more than a short distance frem the vicinity of the 28 

breached container. Calc1:Jlations ha•Je been made to estimate the release of the liq1:Jid from 29 

TRU mixed waste containers in the 'N~Q after removal frem the TRUPACT II.~ The bo1:Jnding 30 

2The ee1:1nsing sase is easee en tl::ie felle>Ning sals1:1latiens: 31 
a. Ass1:1r:ne t\to'e seven pasks, easf:l sentaining 7 9Fl:IFA e"'1o1ivalents tf:lat sentain 1 persent free 32 

li"'1:1iss (ar:ne1o1nting te 0.55 gal ef li"'1:1is per 911:1FA e"'1o1ivalent), are eFSashes: (2 seven pasks) x 33 
(7 9r1:1r:n e"'1o1i•,ialents se\1en pask) x (0.55 gal ef li"'1o1iss,lElF1:1FA e"'1:1ivalent) - 7.70 gal tetal 34 
vel1:1r:ne ef li"'1o1is spilles. 35 

e. Cen•,iert gal te s1:1eis ft (fC): 7.70 gal x 0.1337 - 1.0295 fC.,. 36 
s. Ass1:1r:ne spill is 1 r:nillir:neter (FAFA) tl:iisk ane sonvert to ft: (1 FAFA) x (1 sr:n,t1 O FAFA) x 37 

(1 inJ2.54 sFA) x (1 ft/12 in.) - 0.0033 ft tl:iisk. 38 

(continued ... ) 39 
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sase Felease fFeR::i twe seven pasks (ene seR::iplete TRUPACT II leael) weYlel invelve less than 
2 7.7 gal (2Q.1 L) spFeael Q.QQ33 ft (1 R=iR=i) thisk eveF appFBxiR=iately 312 ft3 (29 sqYaFe R=i [R::i!}fr 
3 FeF seR::ipaFisen, the fteeF aFea ef the lnventery anel PFepaFatien AFBa (IPA) ef the VV.M8 is 
4 25,QQQ ft3 (2,322 R::i!). TheFBfeFe, eesa1:1se ef TRU R=iixeel waste hanelling epeFatiens, the 
5 shaFasteFistiss ef the TRU R=iixeel ..... aste anel the sii!!e ef the TRU R=iixeel waste hanelling fasilities, 
s TRU R=iixee waste is net antisipateel te Feash the e1:1tsiee enviFBnR=ient eF etheF aFeas ef the fasility 
1 1:1neleF expesteEI senelitiens. If FetFieval eeseR::ies nesessaF}', fteeF EIFains anel the fiFe s1:1ppFessien 
8 wateF sellestien SYR=ip anEI pertaele elikes, if needeet. will pFeviete sesenetary sentainR=ient feF any 
9 liq1:1iet that R=iay ee sentaR=iinateet ey TRU R=iixeet waste. 

10 

11 As discussed in Section B-3b, Floodplain Standard, of this permit application, the WIPP facility 
12 does not lie within a 100-year floodplain. There are no major surface-water bodies within 10 mi 
13 (164 km) of the site, and the nearest river, the Pecos River. is approximately 12 mi (19 km) 
14 away. The general ground elevation in the vicinity of the surface tacilities (approximately 3,400 ft 
15 [1,036 m] above mean sea level) is about 500 ft (152 m) above the riverbed and 400 ft (122 m) 
1s above the 100-year floodplain. Protection from flooding or ponding caused by probable 
11 maximum precipitation (PMP) events is provided by the diversion of water away from the WIPP 
18 facility by a system of peripheral interceptor diversions. Additionally, grade elevations of roads 
19 and surface facilities are designed so that storm water will not collect on the site under the most 
20 severe conditions. 
21 

22 Repository shafts are elevated at least 6 in. (15.2 cm) to prevent surface water from entering the 
23 shafts. The floor levels of all surface facilities are above the levels calculated for local flooding 
24 due to PMP events (see Appendix D7). Section D-9a(1 )(d), Surface Water Hydrology; 
25 Section D-9d( 1 ), Control of Run-On; and Section D-9d(2), Protection of Surface Water, Wetlands, 
25 and Soil Surface of this permit application also discuss this subject. Drawing 24-C-028-0W1 in 
21 Appendix D3 of this permit application displays the water diversions that have been constructed 
28 at the WIPP facility. Therefore, flooding of WIPP facility roads and surface structures is not 
29 expected from the flooding of surface waters as a result of PMP events or because of site-runoff 
30 design. 
31 

32 Flood-control structures are inspected as part of a general facility inspection at least annually. 
33 During this inspection, the structures are checked to assure there has been no wind or rain 
34 erosion or animal-caused damage that would cause the structures to fail. Further, the areas 
35 around the structures are inspected to ensure they are free of vegetation, debris, or other items 
36 that would impede the diversion of water. Experience with these structures has shown that 
37 annual structural inspections are adequate for the climate and soil conditions at the WIPP facility; 

38 2
( •.. continued) 

39 e. Civiee tetal vel1::1FRe ef liq1::1ie spillee by tt:iiskRess ef spill FRateFial: 
40 (1.0245 fe) 1 (Q.QQ33 ft) - 312 sq1::1aFe ft (tt3), Fe1::1Reee. 
41 
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however, inspections are also conducted after severe natural events, such as imr@:\~!!lf!I@!g 1 

a design basis earthquake. 2 

Whenever TRU mixed waste is outside the WHB, it will be contained in shipping containers. 3 

TRU mixed waste containers are unloaded from the shipping containers inside the WHB and 4 

~ti~PP!fiS\B;gg~!J.m!~]are never opened outside this facility; therefore, TRU mixed waste is not 5 

expected to reach the outside environment or other parts of the facility from the TRU mixed 6 

waste handling facilities in nonflood circumstances. Flooding of the TRU mixed waste handling 1 

facilities is prevented by drainage ditches and berms such that there is no mechanism that might 8 

transport TRU mixed waste to the outside environment and between parts of the WIPP facility 9 

(see Appendix D7). Neither is there a mechanism to allow TRU mixed waste to find its way to 10 

an area of the WIPP site where it would be carried off site by flood or precipitation waters. 11 

F-4c Water Supplies 12 

The following description of procedures, structures, or equipment used at the facility to prevent 13 

contamination of water supplies is required by 20 NMAC 4.1, Subpart IX, §270.14(b)(8)(iii). 14 

The DOE provides groundwater-protection information in accordance with 20 NMAC 4.1, 15 

Subpart V, §264.601 in Section E-1, Compliance with Groundwater Protection Requirements, in 16 

Chapter E of this permit application. Appendix E1 of this permit application, RCRA Groundwater 11 

Protection Information, Waste Isolation Pilot Plant, summarizes the geological, hydrological, and 18 

climatological features of the WIPP site which, along with the procedures, structures, and 19 

equipment used during the Disposal Phase activities, demonstrate groundwater performance 20 

standards. The groundwater protection information demonstrates that groundwater will not come 21 

in contact with the TRU mixed waste, and the possibility that any contaminated groundwater can 22 

migrate from the disposal horizon to the accessible environment, including water supplies, during 23 

the Disposal Phase is unlikely. The 'Plater Q1::1ality Sampling Program is GharaGteri;zing area 24 

·.vells, and the res1::1lts are iss1::1ed in the ann1::1al WIPP Site En'lironmental Report. The 1 QQ3 WIPP 25 

Site En'lirenmental Report is pro'lided in Appendix 04 of this permit appliGation. 26 

At the WIPP facility, water supplied by the Double Eagle Water Company enters a pair of 21 

180,000-gal (681,372-L) aboveground storage tanks located adjacent to the Pumphouse. The 28 

360,000-gal (1,362,744-L) combined capacity of the tanks is used as the potable water source 29 

and for fire control. These tanks are 32 ft (9.8 m) in diameter and are constructed of welded 30 

steel. The water level in each tank is inspected daily. Potable water is piped to the site and 31 

stored in tanks until distributed by pipe to the fire hydrants and buildings. Managing the potable 32 

water supply in this manner prevents the contamination of the supply by TRU mixed waste. 33 
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F-4d Equipment and Power Failure 

3 The following description of procedures, structures, or equipment used at the facility to mitigate 
4 effects of equipment failure and power outages is required by 20 NMAC 4.1, Subpart IX, 
5 §270.14(b)(8)(iv). 
6 

1 In the event that normal utility power is lost, on-site diesel generators will provide alternating 
8 current (AC) power to important WIPP facility electrical loads. Uninterruptible power supply 
9 (UPS) units are also on line providing power to important monitoring systems. 

10 

11 If utility power fails, the exhaust filter system goes into the fail position, and the system high-
12 efficiency particulate-air (HEPA) filter dampers are placed into filtration position. When power 
13 is restored by the diesel generators, the system is isolates aRG a decision is made whether to 
14 &taRfimilP~ in filtration mode and energize a filtration fan or to realign the dampers into the 
15 minimum exhaust mode. Without any indication of a radiological release, the decision is !iY@li 
16 the latter. TRU mixed waste handling and related operations cease upon loss of utility power 
11 and are not resumed until normal utility power is returned. ltl:ll.11::1,11.mms:~gga!lf.!ll@i:rlfm~ 

18 !~!t:1Mm!mn!ns:::11":::1::1!f::::1;t1!n11:::JP!s·94oos.::::1::::PR1:::!J~uiaf. 
19 

20 In case of a loss of utility power, backup power to predetermined loads can be supplied by either 
21 of the two on-site diesel generators. Each of these units provide 480 volts (V) of power with a 
22 high degree of reliability and are sized to feed the selected loadsrfi!!i!llliii::mmE@l!Urt'IL Each 
23 of the diesel generators can carry all preselected monitoring loads plus operation of the Air 
24 Intake Shaft hoist for personnel evacuation and other selected backup loads. The diesel 
25 generators can be brought on line within 30 minutes. 
26 

21 Upon loss of normal power, the diesel generators are manually started from the local control 
28 panel or from the CMR. The starter system is a 24-V battery system with a 300-ampere-hour 
29 capacity. Although it is standard practice to start the diesel generators from the local control 
30 panel, each unit can be remotely started from the CMR when the generator start switch is placed 
31 in the "remote" position. The diesel generators and associated breakers can be monitored in 
32 the CMR, thus providing the ability to feed selected facility loads from the backup power source, 
33 in sequence, without exceeding generator capacity. The on-site fuel storage capacity is sufficient 
34 for the operation of one generator at an expected load of 62 percent for three days. Additional 
35 fuel supplies are readily available within a few hours by tank truck, allowing on-line refueling and 
36 continued operation. 
37 

38 There is a ~entral UPS, located in the Support Building, that supplies power to pr:eeetermiRee 
39 equipmeRtf:!!!l!!i::!!!~ located in the Support Building and WHB. The G§entral UPS provides 
40 §i!ii!ilPower to !eim!!~.-~!!:99~~9 Wi~dradiation monitoring, local prosessiRg uRits, aRe 
41 communicationsm101:::~rj~f:jt:'m9Plt!Jig mJ!:roi~1R the Support 8uileiRg aRG \'Vf48 aRG to the 
42 seRtral moRitorii:ls .. sys"ie·m·.····iri.acidition,.individual.UPSs l!amii§~•:•ftf!MIIl!lli9•::gpfpffi,S,gf, 
43 1asm1t11::m:m1:'=!M!rn~::1¥1:mm1~=::;m·~r1::•m1111::mme100.11m::m1::!0111.:::u11•::1n1.::~'-" 
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R§@HEllEIMBm~fi!t!~KP.Pnn~q:::~9::::m@:::g~::]~Jl§~:::::::'s1:1pply tr:ansient fFee pe·Ner te lecal 1 

precessing 1:1nits thre1:1ghe1:1t the rest ef the site s1:1rface anEI 1:1nElergre1:1nEI areas. 2 

In case of loss of AC power input to the UPSs, the dedicated batteries were designed to supply 3 

power to a fully loaded UPS for 30 minutes. It is expected that the AC power input to the UPS 4 

will be restored within 30 minutes~\i'im!itmP:m:::~m@:::e!tm~:::1!@lf!!:::1~1f:'§t',fr9m!:~n~·'!!~~::p~pK™l? 5 

@911:r:::s@n!ri9r:::§illm~: 'Jia eper:ater actien. The CMR is cennecteEI te the central UPS. 6 

F-4e 

r[]:::11::::in~1:11BnV:::::1!!!~mot11~1m:Ji!!:::!rn:::~n,•rnn!~t!nme9!:::1s:':1~~::;n2:::~!!!j!!: :et s 
!m@mJ,ni!!l:'::anB!i!!i:::11':;9iiit 10 

~ :.'.::limir1P1::::!r~d?rqw1rn~:::2ra::::~ni:::1i11:::11:::11n1m1~:::1~::a11:::§m!::Jiis!!!ms:::Pim::1! 14 

in~~:;,1111n@1::91:,mii:~~12:::~1::1111:=1:::1t1!::1,11111111::i1r::1m1s1~t11mn! 15 

9f;P:m1:::~m1m1m:m,9q1:11:::P!1Pn11t:!v~m191n::mnm:::em~;::119r:::1r:r1@n1iJ.1!mt:lm~i) 16 

•• .. §9n~~lnmnt::et;!'.!m:::~n~•m.1::!1·::rn~!n~!~n11:;::1¥:::11.:::111:::!n~::::1nm119rm 17 

v!rw!i1!9n:::·i~t~m~ 18 

Personnel Protection 23 

The following description of procedures, structures, or equipment used at the facility to prevent 24 

undue exposure of personnel to hazardous waste is required by 20 NMAC 4.1, 25 

Subpart IX. §270.14(b)(8)(v). 26 

Procedures used at the WIPP facility to prevent undue exposure of personnel to hazardous 27 

waste and the sections in this permit application where these procedures are discussed in detail 28 

are listed below. 29 
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• The WAC are criteria designed to prevent the shipment (see Section C-3) or 
acceptance (see Section C-5) of TRU mixed waste exhibiting the characteristics of 
ignitability, corrosivity, or reactivity. Section F-5 contains a general discussion of 
the prevention of the reaction of ignitable, reactive, and incompatible TRU mixed 
wastes. 

• Written procedures to prevent the addition of materials to the TRU mixed waste that 
could exhibit incompatibility or the characteristics of reactivity and/or ignitability are 
discussed in Sections F-5 and JJ Qa(2)(a)@HJ:g@t!lll~ 

• TRU mixed waste handling operations are conducted so that the need for TRU 
mixed waste handling personnel to touch the TRU mixed waste containers during 
unloading and emplacement operations, overpacking, repair, or retrieval (if 
necessary) is minimized. Level D f3SFSEmnel f3FetectionJii§!~U:::::::erl!lii! 
equipment (hard hat, safety shoes, safety glasses, and sometimes shop coats) will 
be worn for normal operations. (See a discussion of TRU mixed waste handling 
operations in Sections JJ Qa(2)(9)1f:H~@(l)l!Ji: and JJ Qa(3)(f)lf:H~@(~)(§.li and 
secondary containment in Section JJ Qa(3)(f)@tJilllll> 

• W~QRllRFlilLoskoYt/tagoi,,,t and work authorization procedures, discussed in 
Section F-2, prohibit WIPP facility personnel from utilizing TRU mixed waste 
handling equipment that is temporarily out of service and prevent inappropriate use 
of TRU mixed waste handling equipment that is not operational for all uses. 

• A system for monitoring and inspecting monitoring equipment, safety and 
emergency systems, security devices~ and operating and structural equipment is 
in place to prevent, detect, or respond to environmental or human health hazards 
caused by hazardous waste. The inspection/monitoring requirements are described 
in Section F-2a. 

• Adequate aisle space is maintained for emergency response purposes, as 
discussed in Section F-3b. 

34 • Procedures to protect personnel from hazardous and/or TRU mixed waste during 
35 nonroutine events are detailed in the Contingency Plan, Chapter G. 
36 

37 The following discusses the structures and equipment that prevent undue exposures of personnel 
38 at the WIPP facility to hazardous constituents: 
39 

40 

41 

42 

43 

• The WIPP facility was sited and designed to be protective of human health and 
ensure safe operations during the Disposal Phase (Section& JJ Qa(3], JJ Qa(3](9], 
JJ Qa(3](e], ans JJ Qa(3UeUl!~Hi)). 
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• TRU mixed waste containers are required to meet shipping/structural requirements 1 

co Qa[3J[fJ§M~im111:1!\ll(l)::::@m::::m1:g1,\~lm). 2 

• The shipping container, forklifts, unloading dock, crane, facility pallets, conveyance 3 

loading car, waste hoist cage, hot-cell complex, and underground waste transporter 4 

were designed or selected for use in order to minimize the need for TRU mixed 5 

waste handling personnel to come into contact with TRU mixed waste. Each of 6 

these items is discussed in detail in Section D Qa(3)(s)Rr11,~£~; Section F-4a 1 

discusses prevention of hazards to personnel during unloading operations. 0 

• The hood ventilation system, used during the initial opening of the TRUPACT-11 9 

shipping container, is used to vent any potential release of radioactive 10 

contaminants into the ventilation system of the WHB (Section D Qa[3)[bJlt 11 

jp~(g)(g)). Section ~Pl!l:: explains that the remaining emissions (i.e., 12 

VOCs) are controlled at levels to prevent adverse effects on human health or 13 

environmental receptors. . 14 

• The WJPP facility has internal and external communications and alarm systems to 15 

notify personnel of emergency situations and provide instructions for response, 16 

evacuation, etc. (Section F-3a and Section G-4a). 11 

• The WIPP facility is well equipped with spill-response equipment, transport vehicles, 10 

emergency medical equipment and rescue vehicles, fire detection, fire-suppression 19 

and firefighting equipment (including water for fire control), peFsonnel 20 

pFotestionp@(i9~il::pi1:ilWf:i equipment, emergency lighting and backup power, 21 

and showers and eye-wash fountains. These are discussed in Sections F-3a, F-4c, 22 

F-4d, and F-4e and are listed in Section G-5. 23 

The surface and underground ventilation systems, discussed in 24 

Sections D Qa(3)(b)Bt1:q~~g~~P~~X,)i ane D Qa(3)(e) are designed to provide 25 

personnel with a suitable environment during routine operations. 26 

Releases to Atmosphere 27 

The following description of procedures, structures, or equipment used at the facility to prevent 20 

releases to the atmosphere is required by 20 NMAC 4.1, Subpart IX, §270.14(b)(8)(vi). 29 

All TRU mixed waste will be contained. TRU mixed waste container vents employ particulate 30 

filters that prevent particulate releases to the atmosphere. The nature of the waste itself also 31 

mitigates potential releases to the atmosphere. Lead and other heavy metals, which could 32 

exhibit the characteristic of toxicity, may be present in some TRU mixed waste forms. The metal 33 

in the TRU mixed waste, most of which is lead in monolithic form, is present in bricks and 34 
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shielding rather than in particulate form. The primary sources of other metals are sheets, rods, 
2 plating, equipment parts, or solidified sludges. 
3 

4 A release of hazardous waste or hazardous constituents to the air that may have adverse effects 
5 on human health or the environment is unlikely. Although VOCs could be present in the TRU 
6 mixed waste emplaced within the unit and could potentially be a source of release to the air, 
1 provisions have been made to prevent any adverse effects to human:::nii~n or environmental 
8 receptors. 
9 

10 Section D Qe(3)Ql§(f:): discusses protection of the atmosphere, including performance 
11 standards, air emissions controls, health-risk evaluation, releases of hazardous waste or 
12 hazardous constituents from the underground HWMUs, and potential health risks. 
13 

14 F-4g Flammable Gas Concentration Control 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

Gas concentrations in the mine and around the storage area are controlled by mechanically 
induced ventilation. There are two primary ventilation fans and three filtration fans. If only one 
primary ventilation fan is ventilating the mine, it typically will be set to draw 260,000 ft3 

(7 ,358 cubic m [m3
]) per minute of air through the mine, which is sufficient to adequately ventilate 

all active areas in the mine. If both primary fans are operating, they will typically be set to draw 
425,000 ft3 (12,028 m3

) per minute of air through the mine. The filtration fans are interlocked 
so that only one filtration fan can operate at any time. One filtration fan is normally set to draw 
60,000 ft3 (1,698 m3

) per minute of air through the mine. The air is routed through the 
underground facility with bulkhead doors and dampers to achieve the most efficient use of the 
air in ventilating for possible gases and maintaining required differential pressures in the 
underground facility. 

-rn~ ~Re ~t@?~~nm:::l!!I¥ :et99t~m::r2A1m~'t rnoo~91::::11:s.9!~t1:::~9::=:1119r1:::~~1~:::~111:::1!f:::11:::g1 
~9P~~,n~i~!:~~!9r@::1:1::1@r~:1er~111m~n~§P~t1P:P:rrn~e:11111n::1n@~::!1111~te?•m~1~1m 
§f:¢Pme9Pm?~:a~t:i1::~~1::!1r.~:::1n9·~9:211!n~~!m=:e•1111::t1::111~11111::ra1"1t!em1f::::::ma111-
a.it mon.~§rins !9!1mlof:l!!1Y'-SP.:1:::=1~!4~ 1P:~!!,'~e111::::@t111:::::1rn1111tii!itu::::111:::::11:::::1t 
s?.n~m; &Y!91R~1:::e~::m~!!9.nns.=:1v!t~m~~~ 91~::@~::m:::~ee~:n11Aot::emntt:::1111m1:::1:n~ 
B?~p1~ A~r M!n~WinlI:!n~~mD:n~l;i!I:Br!9r!9 µ~;::::•~::JRlll!tl:::::111tt1!it:-l.I§f 
99.tt~nt ;~~i?tmJen::i'=~:,m191:::s.@~1:::il!t: ~1~s~~~"ma:::1!::1.ii4.1:1:::111rn:::1m1:::11t!!1::1~:~m1 
!~m~:F9n9'nlri!!rm:::~n!tmm!P1::11::y~~w!mrn::;m:si!M!it1~t•mmn!1::1x:11m:1n119a§rm: 
~ne••~·ti•·~¢£9mP:~nlmtm1::11u§m::~~mP!r~~;::=9~mmm111::11tr111t11::11tmaiW::111111ma: 
(!~ ri99it~?l~:::::1wo11,mm•:•~!!i1m1.:.e~::mi'™=P.in~§:::mP1t,:::11::19!~f:t1re1:::1@1n~:1m:::@11::m1rn1ii11 
m91!=tt.~·wimw:::1i1:::mrn~1:::•B@1~:1n::::1J.r:]rmn11911u1mmt1tB;::::::::1m1:::111u1:m:::m:::11::~n1:1 
~niM~!::?xvi~n~:==m111m1~::=1•1n::m,p,n1.m1~:=:b:11t99.1m=::111111¥:::111111r::111a~:::milia::111111: 
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!§9~umrm::~u1:::1~111;:::i1r:::!P1in:::~n::9e1.:::!!!lm:':1:::1ml!1:::~~11:::1!!~~::m;:S1g,mr,mni1en~:::~n~ 2 

!t!9~m::::1nm1111m1~=:::ml!n1!1~1s::::::::~a9!il!ne::::1~r:::111'=~1:::w;:::m1111e:::!1::11::::a1!nm~n9 3 

pf~gl:::m1\t:1m1tt::pl,(linB~:::illuii!llPYPPJ 4 

F-5 Prevention of Reaction of Ignitable. Reactive. and Incompatible Waste 5 

20 NMAC 4.1, Subpart IX, §270.14(b)(9), requires a description of precautions taken to prevent s 
accidental ignition or reaction of ignitable, reactive, or incompatible TRU mixed waste as required 1 

to demonstrate compliance with 20 NMAC 4.1, Subpart IX, §270.15(c), and 20 NMAC 4.1, s 
Subpart V, §264.17. Because the TRU mixed waste (including the 6ontainer) received at-the s 
facility during the Disposal Phase and any ~ifl!il TRU mixed waste (insl1::1ding its sontainer) that 1 o 
may be sreated as a res1::1lt of handling the TRU mixed 'Naste has pi(! been demonstrated to 11 

be compatible and does not exhibit the characteristics of ignitability, reactivity, or corrosivity, the 12 

WIPP facility is in full compliance with these regulations. 13 
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3 DOE, See U.S. Department of Energy 
4 
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s DOE, 1994. "U.S. DOE Radiological Control Manual," DOE/EH-0173T, U.S. ;)epartment of 
s Energy. Washington, D.C., April 1994. 
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a DOE, 1995. 'WIPP Safety Analysis Report," DOE/WIPP-DRAFT-2065. Rev. 0, U.S. Department 
g of Energy. Washington, D.C., April 1994. 

10 

11 Westinghouse, 1994. 'WIPP Radiological Control Manual," WP 12-5, Vol. 1, Westinghouse 
12 electric Corporation, Carlsbad, NM, December 1994. 
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TABLES 



System/Equipment Name 

Air Intake Shaft Hoist 

Ambulances and related 
emergency supplies and 
equipment 

Adjustable Center of 
Gravity Lift Fixture 

Standby/Emergency 
Power Backup Diesel 
Generators 

Facility Inspections 

Contact-Handled (CH) 
TRU Underground 
Transporter 

Conveyance Loading Car 

Exhaust Shaft 

Eye Wash and Shower 
Equipment 

Fire Detection and Alarm 
System 

Fire Extinguishers' 

Fire Hoses 

TABLE F-1 
INSPECTION SCHEDULE 

Inspection• 
Frequency and 

Job Title of 
Personnel 

Responsible Normally Making 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

Leaks/ 
Organization Inspection Deteriorationb Spills Other 

Mine Operations Preoperational' Yes NA Inspect per Mine 
See Lists 1 b and c Safety and Health 

Administration 
(MSHA) 
requirements 

Emergency Weekly Yes NA Depletion and 
Management See List 11 expiration dates 

Waste Preoperational Yes NA NA 
Operations See List 8 

Facility Monthly NA Yes Starting and 
Operations See List 3 operating both 

generators 

Facility Annually Yes NA NA 
Engineering See List 4 

Waste Preoperational Yes NA Inspect area 
Operations See List 8 around transporter 

for obstacles 

Waste Preoperational Yes NA Tracks clear of 
Operations See List 8 obstacles, guards 

in the proper place 

Mine Operations Quarterly Yes Yes NA 
See List 1 a 

Industrial Safety Weekly Yes NA NA 
See List 5 

Semi-annually Yes NA Water replaced 
See List 2a 

Industrial Safety Semiannually Yes NA Operability of 
See Lists 2b and indicator lights. 
11 Inspection includes 

underground fuel 
station dry 
chemcial 
suppression 
system. 

Emergency Monthly Yes Yes Expiration, seals, 
Management See List 11 fullness, pressure 

Industrial Safety Annually Yes Yes NA 
(minimum) 
See List 11 
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System/Equipment Name 

Fire Hydrants 

Fire Pumps 

Fire Sprinkler Systems-

Fire Trucks 

Forklihs Used for Waste 
Handling 

Hazardous Material 
Response Equipment 

Mine Pager Phones 
(between surface and 
underground) 

Perimeter Fence, Gates, 
Signs 

Personal Protective 
Equipment (not otherwise 
contained in emergency 
vehicles or issued to 
individuals): 

-Self-Contained 
Breathing Apparatus 

Public Address (and 
Intercom System) 

Radiation Monitoring 
Equipment 

Radio Equipment 

Rescue Truck 

Salt Handling Shah Hoist 

Self-Rescuers 

TABLE F-1 (CONTINUED) 
INSPECTION SCHEDULE 

Inspection• 
Frequency and 

Job Title of 
Personnel 

Responsible Normally Making 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

Leaks/ 
Organization Inspection Deterioration• Spills Other ' 

Emergency Monthly/ Yes Yes NA 
Management quarterly 

See List 11 

Emergency Weekly/annually Yes Yes NA 
Management See List 11 

Industrial Safety Monthly/ quarterly Yes Yes NA 
See Lists 2b and 
11 

Emergency Weekly Yes Yes NA 
Management See List 11 

Waste Preoperational Yes NA On board fire 
Operations See List 8 suppression 

system 

Emergency Weekly Yes NA Depletion and 
Management See List 11 expiration dates 

Facility Quarterly NA NA Monthly battery 
Operations See List 3 change check 

Security Daily Yes NA NA 
See List 6 

Emergency Weekly Yes NA NA 
Management See List 11 

Industrial Safety Quarterly Yes NA NA 
See List 2a 

Facility Monthly NA NA Systems operated 
Operations See List 3 in test mode 

Radiation Safety Preoperational Yes NA Instrument 
See List 7 calibrations 

Information Daily' NA NA Radios are used 
Resource until they fail 
Management' 

Emergency Weekly Yes Yes Depletion and 
Management See List 11 expiration dates 

Mine Operations Preoperational Yes NA Inspect per MSHA 
See List 1 b and c requirements 

Mine Operations Quarterly Yes NA Inspect per MSHA 
See List 1 c requirements 
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System/Equipment Name 

Surface TAU Mixed Waste 
Handling Area-

Underground Openings -
Roof Bolts 

Underground Openings-
Travelways 

Underground-Geo-
mechanical lnstrumen-
tation System (GIS) 

Underground TAU Mixed 
Waste Disposal Area-
(mine pager phones, 
equipment, aisle space, 
signs, debris, ventilation) 

Vehicle Siren 

Ventilation Exhaust 

Waste Handling Cranes 

Waste Hoist 

Water Tank Level 

Brudi 

Trailer Jockey 

Canister Shunle 

Facility Cask 

Facility Cask Transfer Car 

Facility Cask Turntable 

Facility Grapple 

TABLE F-1 (CONTINUED) 
INSPECTION SCHEDULE 

Inspection• 
Frequency and 

Job Title of 
Personnel 

Responsible Normally Making 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

Leaks/ 
Organization Inspection Deteriorationb Spills Other 

l 

Waste Preoperational or Yes Yes Floor coating 
Operations Weekly' integrity 

Mine Operations Monthly Yes NA NA 
See List 1 a 

Mine Operations Weekly/ Yes NA NA 
annually 
See List 1 a 

Mine Operations Weekly Yes NA NA 
See List 9 

Waste Preoperational Yes Yes NA 
Operations See List 8 

Emergency Weekly Yes NA Functional Test 
Management See List 11 

Maintenance Quarterly Yes NA NA 
Operations See List 10 

Waste Preoperational Yes Yes NA 
Operations See List 8 

Mine Operations Preoperational Yes Yes Inspect per MSHA 
See List 1 b and c requirements 

Emergency Weekly' Yes NA Record water 
Management See List 11 levels 

Waste Preoperational Yes NA NA 
Operations See List 8 

Waste Preoperational Yes NA NA 
Operations See List 8 

Waste Quarterly Yes NA NA 
Operations See List 8 

Waste Semi-Annual" Yes NA NA 
Operations See List 8 

Waste Monthlyh Yes NA NA 
Operations See List 8 

Waste Semi-Annual" Yes NA NA 
Operations See List 8 

Waste Semi-Annualh Yes NA NA 
Operations See List 8 
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System/Equipment Name 

15-Ton Bridge Crane 

Grapple Hoist 

Hook and Rope on 50/25-
Ton Bridge Crane 

Manipulator 

RH Emplacement Machine 
-Subassemblies 

-Emplacement Machine 

Road Cask Transfer Car 

20-Ton Forklift 

TABLE F-1 (CONTINUED) 
INSPECTION SCHEDULE 

Inspection• 
Frequency and 

Job Title of 
Personnel 

Responsible Normally Making 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

Leaks/ 
Organization Inspection Deteriorationb Spills Other 

Waste Semi-Annualh Yes NA NA 
Operations See List 8 

Waste Quarterlyh Yes NA NA 
Operations See List 8 

Waste Annual" Yes NA NA 
Operations See List 8 

Waste Quarterlyh Yes NA NA 
Operations See List 8 

Waste Monthly Yes NA NA 
Operations See List 8 

Annual Yes NA NA 
See List 8 

Waste Semi-Annual Yes NA NA 
Operations See List 8 

Waste Monthly Yes NA NA 
Operations See List 8 
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list 1 : Mine Operations 

a. Mining Technician • 
Senior Mining Technician • 
Continuous Mining Specialist • 
Senior Mining Specialist • 
Mine OPS Supervisor • 

b. Shaft Tender 
Senior Shaft Tender 
Hoist Operations Specialist 

c. Senior Dispatcher• - Self Rescuers 
Shaft Technician • 

list 2: Industrial Safety 

a. Safety Technician • 
Senior Safety Technician • 
Safety Specialist • 
Safety Engineer • 
Industrial Hygienist • 

b. Fire Protection Engineering • 

List 3: Facility Operations 

Facilities Technician • 
Senior Facilities Technician • 
Facility Operations Specialist • 
Central Monitoring Room Operator • 
Central Monitoring Room Specialist • 
Associate Operations Engineer 

TABLE F-1 (CONTINUED) 
INSPECTION SCHEDULE 

Operations Engineer 
Senior Operations Engineer B 
Senior Operations Engineer • 
Supervisor General U/G Services • 
Facility Shift Manager 
Operations Technical Coordinator • 

List 4: Facility Engineering 

Senior Engineer • 

List 5: General 

Building Landlord • 

List 6: Security 

Security Protective • 
Security Protective Supervisor * 

List 7: Radiation Safety 

Health Physics (HP) Assistant * 
HP Technician 
HP Specialist 
Senior HP Specialist 

WIPP RCRA Part B Permit Application 
OOEJVVIPP 91-005 

Revision 5.2 

List 8: Waste Operations 

Waste Handling Assistant 
Waste Handling Technician 
Waste Handling Specialist 
Senior Waste Handling Specialist 
Associate Operations Engineer 
Senior Engineer B 
Senior Operations Engineer B 
Operations Engineer 
Manager, Waste Operations 

List 9: Geotechnical Engineering 

Engineer Technician • 
Associate Engineer * 
Engineer• 
Senior Engineer * 

List 10: Maintenance Operations 

Maintenance Technician 
Maintenance Specialist 
Senior Maintenance Specialist 
Contractor * 

List 1 1 : Emergency Management 

Emergency Services Technician 

Inspection may be accomplished as part of or in addition to regularly scheduled preventive maintenance inspections for each 
item or system. Certain structural systems are also subject to inspection following severe natural events including 
earthquakes, tornados, and severe storms. 
Deterioration includes: cracks, erosion, salt build-up, damage, corrosion, loose or missing parts, malfunctions, and structural 
deterioration. 
"Preoperational" signifies that inspections are required prior to the first use during a calendar day. For calendar days in 
which the equipment is not in use, no inspections are required. For an area this includes: area is clean and free of 
obstructions (for emergency equipment); adequate aisle space; emergency and communications equipment is readily 
available, properly located and sign-posted, visible, and operational. For equipment, this includes: checking fluid levels, 
pressures, valve and switch positions, battery charge levels, pressures, general cleanliness, and that all functional 
components and emergency equipment is present and operational. 
"Postoperational" signifies that inspections are required after the last use during a calendar day. For calendar days in which 
the equipment is not in use, no inspections are required. 
These weekly inspections apply to container storage areas when containers of waste are present for a week or more. 
Otherwise, these are inspected as indicated above. 
In addition, the water tank levels are maintained by the CMR and level readouts are available at any time. 
The inspections/maintenance activities associated with these pieces of equipment will be performed when the hot cell is 
empty of RH waste. If contamination is present, a radiation work permit may be needed. Inspections only apply after RH 
TRU waste receipt begins. 
This organization is responsible for obtaining licenses for radios and frequency assignments. They do periodic checks of 
frequencies and handle repairs which are performed by a vendor. 
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TABLE F-1 (CONTINUED) 
INSPECTION SCHEDULE 

WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

Radios are not routinely "inspected." They are operated daily and many are used in day-to-day operations. They are used 
until they fail, at which time they are replaced and repaired. Radios are used routinely by Emergency Management, Security, 
Environmental Monitoring, and Facility Operations. 
Fire extinguisher inspection is paperless. Information is recorded into a database using barcodes. The database is then 
printed out. A current copy of the database and barcodes is provided in Appendix F1. 

Positions are not considered RCRA positions (i.e., personnel do not manage TAU mixed waste). 

F-35 



System/Equipment Name 

Radiological Monitoring Areas• 

Geo mechanical" 

Central Monitoring System 

TABLE F-2 
MONITORING SCHEDULE 

Responsible Monitoring 
Organization Frequency 

Radiation Safety Continuous 
during operations 

Repository Monthly 
Engineering 

Facility System 
Operations Dependent 

Equipment is listed as Radiation Monitoring Equipment in Table F-1 . 

WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

Purpose 

Maintain exposure potential to 
workers as low as reasonably 
achievable (ALARA). Implement the 
principle of co-detection. 

To evaluate the geotechnical 
performance of the underground 
facility and to detect ground 
conditions that could affect 
operational safety 

Monitor and provide status for the 
following facility parameters: 

Radiation Monitoring' 

Electrical Power Statusd 

Five Alarm System• 

Ventilation System Status' 

Meteorological Data Systemg 

Facility Systems (compressorsg, 
pumps", water tank levels', waste 
hoists') 

Equipment is listed as Underground-Geomechanical Instrumentation System (GIS) in Table F-1. 
Radiation Monitoring Equipment in Table F-1. 
Equipment listed as Standby/Emergency Power Backup Diesel Generator in Table F-1. 
Equipment listed as Fire Detection and Alarm System in Table F-1. 
Equipment listed as Ventilation Exhaust in Table F-1. 
Not RCRA equipment. 
Equipment listed as Fire Pumps in Table F-1 . 
Equipment listed as Water Tank Level in Table F-1. 
Equipment listed as Waste Hoist in Table F-1. 
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TABLE F-3 

WIPP RCRA Part B Permit Application 
DOEl\/VIPP 91-005 

Revision 5.2 

DIESEL GENERA TOR LOADS 

Loads I kW I Remarks I 
Uninterruptible Power System* 72 Central Monitoring System Includes: 
Central Monitoring System* • Radiation monitoring 
WHB Continuous Air Monitors* • Electrical power status 

• Fire alarm system 
• Ventilation system status 
• Meteorological data system 
• Facility systems (compressors, pumps, water 

tank levels, waste hoist stations) 

Central Monitoring Room 20 
HVAC System 
Utilities 

Fire Protection Systems in the Waste Handling Building 30 Battery power provided in fire protection system 
Support Building until the diesel generator is started and loaded. 

Fire Pump 160 

Communications System 16 

Guard and Security Building 35 

Air Intake Shaft Hoist (if needed for underground 330 
evacuation)* 

WHB Lighting 45 

WHB Cranes 80 After the diesel generator is started, cranes are 
energized as required to land their loads. 

WHB Vacuum Pumps 50 

Main Air compressors ( 1-200 hp)* 160 

Underground Exhaust Fans (1-235 hp)* 188 

WHB Fans* 100 

Underground Sandia Other Experimental Loads 400 

Safety and Emergency Services Building (EOC) * 10 

• Priority Back-up loads. Other loads picked up depending on actual kW loading of diesel or by load shedding. 

Source: DOE, 1995. 

F-37 



FIGURES 



760336.01.00.00.00/cw A 115 F-39 

C1> 
en 
::l 
0 

.I::. 
C1> -ro 
(!) 

"O 
c: 
ro 

.,.. a. 
I ('C u. I.. 

I-
~ C1> 
::l 0 
.~:t: 
u. C1> 

> 
C1> -C'C 

(!) 

>--'i:: 
::l 
(,) 
<I) 
(/) 

3/31/95 



. 
"C 
c 
:J 
0 a.. 
en 

.:ic 
(.) 
C\l 
al 
c 
(/) 

.:ic 
c 
C\l 
~ 
Cl) 
en 
C\l 
a.. 
0 -CJ) 
a.. 
Cl) -C\l 

3: 
c 
0 -C\l 
(!) 

I 
N 0 

I 0 u. 0 
Cl) 0 a.. 
:J co 
en~ 

·- -LL. 0 
a.. 
C\l 
~ 

Iii 
(.) 
c 
Cl) 
u. 
(\1 
Cl) 
a.. 
<( 

"C 
Cl) 
a.. 
:J 
(.) 
Cl) 

CJ) 

c 
0 
(/) 
c 
en 

CJ) 

en 
c 
'2 
a.. 
(\1 

3: 

760336.01.00.00.00/cw A116 F-40 3/31/95 



APPENDIX F1 



Several changes have been made to Appendix F1. In the attached Table of 
Contents: 

• Strikeout indicates forms that have been eliminated 

• Redline indicates forms that have been revised 

• Italics are title changes only (forms remain the same) 

• All others are no change. 

Only changes are included. 
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APPENDIX F1 
TABLE OF CONTENTS 

CH TRU Waste Handling 
Air-Intake Shaft Hoist 
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Adjustable Center of Gravity Lift Fixture 
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CH TRU Underground Transporter 
Conveyance Loading Car 
Exhaust Shaff 
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Fire Extinguishers 
Fire Hose lnspeclfqfi Ri¢ofci 
Fire HydrantS···· .. · .... ·.·.· .. · ... •·•· 

Fire Pumps 
Fire Sprink1er Systems 
Fire Trucks ····· ·· 

First ,A,id Medical Sl:lpplies 
Fork Lifts Used for Waste Handling 
Hazardous MateriaLResponse Equipment 
Mine Pager Phones 
TRUPACT II Unloading Area 
Perimeter Fence, Gates, and Signs 
Personal Protective Equipment 
Public Address 
Radiation Monitoring Equipment 
Radio Equipment · 
Rescue Truck 

• Surface RT. 
• Underground R.T. 

Salt-Handling Shaft 
Self Rescuers 
Spill Control eqblipment 
Surface TRU Mixed Waste Handling Area 
Underground Qpenir'lg~, ,Roofbolts, Travelways 
Underground Geomectiat'lical. tnstrumentation Syst~ !(fiJ$) 
Underground TRY M!~~~ Waste Disposal Area ························· 
Vehicle Siren ···· ··· ············· ····· · ·· 

ventilation. Exnaust 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

TABLE OF CONTENTS (CONTINUED) 

1 Waste Handling Cranes 
2 Waste Shaft Hoist 
3 Water Tank Level 
4 §n@! 
5 Wt~m~r::µqqR~Y 
6 Other eq1.1ipFRent 
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a RH-TRU Waste Handling 
s Bridge Crane Retrieval V\Anch 

10 Canister Shuttle 
11 Facility Cask 
12 Facility Cask Transfer Car 
13 Facility Cask Turntable 
14 Facility Grapple 
1s Fifteen-Ton Bridge Crane 
1s Grapple Hoist-6% Ton 
11 Hook and Rope on 50125-Ton Bridge Crane 
1a Hook and Rope on JQ Ton Bridge Crane 
19 Master Slave Manipulator 
20 RH Emplacement Machine 
21 Road Cask Transfer Car 
22 Shield Valve Floor MOl:mted 
23 Telescoping Port Shield 
24 Twenty-Ton Fork Lift 
25 
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AMBULANCE AND RELATED EMERGENCY SUPPLIES AND EQUIPMENT 



SURFACE AMBULANCE 



WEEKLY CHECK LIST 
Ambulance #1 (Surface) 

Date: page 1 ors 

Ambulance 

.:L OK _L Adjustment made _Q_ Repairs required 

AIR written AIR number 
(check appropriate information) 

ITEM Condition Min.# Current# Remedial Actions 

Seat Belts NIA NIA 

Headlights NIA NIA 

Emergency Warning NIA NIA 
Lights 

Brake Lights NIA NIA 

Back Alarm NIA NIA 

Horn N/A NIA 

Brake Fluid Level NIA NIA 

Emergency Brake NIA NIA -
Fire Extinguisher NIA NIA 

Test Drive NIA NIA 

Forward NIA NIA 

Reverse NIA N/A 

Handling NIA NIA 

Braking NIA N/A 

Vehicle Sirens NIA NIA 

Battery Terminals NIA N/A 

Cellular Phone NIA N/A 

Radio N/A NIA 

Body Condition NIA NIA· 

RCRA FORM 1111/96 sambul.rcr 



WEEKLY CHECK LIST (cont.) 
Ambulance #1 (Surface) 

Date: page 2 or 5 

ITEMS Condition Min.# Current# Remedial Actions 

TIRE PRESSURE (60 psi) 

Right Front Tire NIA NIA 

Right Rear Tire NIA NIA 

Left Rear Tire NIA NIA 

Left Front Tire N/A N/A 

M.A.S.T. (antishock 1 pr. 
trousers) 

monitor/defibrillator 1 

Oxygen: 2 
Size "D" cylinders 

Oxygen: 1 
Size "M" cylinder 

Re-;uscitators (Bag): 2 
Adult 

Re.-.uscitator (Bag): I 
Child 

Adult traction splint, 1 
ltm er extremity, with 
limh "upporting 
slini.:s, padded ankle 
hitch and traction 
de\· ice 

Rij!id splint device 2 
(hoard) or equivalent 
for lower extremities 

Ril!id splint device 2 
(hoard) or equivalent 
for upper extremities 

Stretcher or scoop 2 

Airsplint: Set of 6 2 

RCRA FORM 1/11/96 sambul.rcr 



WEEKLY CHECK LIST (cont.) 
Ambulance #1 (Surface) 

Date: page 3 of S 

ITEM Condition Min.# Current# Remedial Actions 

Gurney 1 

Spine Board; 1 
short (K.E.D/CPR 
board) 

Spine Board; 1 
long 

Portable suction unit 1 

Blankets 2 

Transfer Sheets NIA 2 

Trauma Kit: includes 1 
the following: 

Adult Blood Pressure 1 
Cuff and Stethoscope 

Penlight 1 

Oro pharyngeal 1 
Airway 

Soft Roller Bandages NIA 4 

Triangular Bandages NIA 3 

Band-aids NIA I pkg. 

4x4 Sponges NIA 25 

Roll Adhesive tape NIA 1 

Bite Stick NIA 1 

Trauma Dressing NIA 2 

Sterile Burn Sheet NIA 1 

Glucose Substance NIA 1 

Sterile Gauze NIA 2 
Dressings 

RCRA FORM 1/11/96 sambul.rcr 



WEEKLY CHECK UST (cont.) 
Ambulance #1 (Surface) 

Date: page 4 ors 

ITEMS Condition Min.# Current# Remedial Actions 

First Aid Supplies in addition to Trauma Kit 

Soft Roller Bandages NIA 12 

Triangular NIA 6 
bandages, 40" 

Box band-aids NIA 1 

Bandage Shears NIA lpr. 

Trauma Dressings, NIA 6 
30" x 10" 

Trauma Dressings, NIA 6 
S" x 7" 

4" x 4" Sponges NIA so 

Rolls Adhesive Tape NIA 2 

Penlight 1 

Sterile Burn Sheets NIA 2 

Oro pharyngeal 2 
Airway; Adult 

Oro pharyngeal 2 
Airway; Child 

Oro pharyngeal 2 
Airway; Infant 

Occlusive Dressings NIA 3 

Roll Aluminum Foil NIA 3 

Rigid Cervical 2 
Collars; Small 

Rigid Cervical 2 
Collars; Medium 

Rigid Cervical 2 
Collars; Large 

RCRA FORM 1/11/96 sambul.rcr 



WEEKLY CHECK UST (cont.) 
Ambulance #1 (Surface) 

page 5 of 5 

ITEMS Condition Min.# Current# Remedial Action 

Test strip expiration 5 

Cold Packs NIA 4 

Heat Packs N/A 4 

Bite Sticks N/A 2 

IV Start Kits N/A 2 

' #16 g Angiosets N/A 2 

#18 g Angiosets N/A 2 

-
#20 g Angiosets N/A 2 

I OOOcc LR IV Fluid NIA 1 

500cc NS IV Fluid N/A 1 

Inspected 
by: time: date: 

Reviewed by: 

Nature of 
repairs: 

. 

RCRA FORM 1111/96 58Dlbul.rcr 



UNDERGROUND AMBULANCE 



WEEKLY CHECK LIST 
Ambulance (Underground) 

Date: page 1 or 3 

Ambulance (underground) 

_:LOK _x_ Adjustment made JL Repairs required 

AIR written AIR nwnber 
(check appropriate information) 

ITEM Condition Min.# Current# Remedial Actions 

Seat Belts NIA NIA 

Headlights NIA NIA 

Emergency Warning Lights 
; 

NIA NIA 

Brake Lights NIA NIA 

Back Alarm NIA NIA 

Horn NIA NIA 

Brake Fluid Level NIA NIA 

Emergency Brake NIA NIA 

Fire Extinguisher NIA NIA 

Test Drive NIA NIA 

Forward NIA NIA 

Reverse NIA N/A 

Handling NIA NIA 

Braking NIA NIA 

Unit Clean NIA NIA 

Body Condition NIA N/A 

Battery Terminals NIA N/A 

TIRE PRESSURES (60 psi) 

Left front tire NIA NIA 

Left rear tire NIA NIA 

Right front tire NIA N/A 

Right rear tire NIA N/A 

RCRA FORM 115/96 sambul.rcr . 



WEEKLY CHECKLIST (cont.) 
Ambulance (Underground) 

Date: page 2 or 3 

ITEM Condition Min.# Current# Remedial Action 

EQUIPMENT 

M.A.S.T (antishock tro~ers) 1 pr. 

Monitor/Defibrillator 1 

Oxygen: 2 
Size "D" cylinders 

Oxygen: 2 
Size "E" cylinder 

: 
Resaw:itators (Bag): 2 
Adult 

Adult traction splint, lower 1 
extremity, with limb 
supporting slings, padded 
ankle hitch and traction 
device 

Rii:id splint device (board) 2 
for upper extremities 

Rii:id splint device (board) 2 
for lower extremities 

Airsplints: 1 
Sd of 6 

Spine Board; lo~ 1 

Stretcher or scoop 2 

Portable suction unit 1 

Blankets 2 

T rclll.Sfer Sheets NIA 2 

IV Start Kits NIA 2 

#16 g Angiosets NIA 2 

#18 g Angiosets NIA 2 

#20 g Angiosets NIA 2 

lOOOcc LR IV Fluid NIA 1 

500cc NS IV Fluid NIA 1 

Rt:RA FORM l/S/IJ6 sambul.rcr 



WEEKLY CHECK LISI' (conL) 
Ambulance (Underp'ound) 

Date: page 3of3 

ITEMS Condition Min.# Current# Remedial Action 

Rigid cervical collars 2 

Test strip expir.ition s 

Cold packs NIA 4 

Heat packs NIA 4 

Tr.1wna Kit: includes the NIA 1 
following 

Trawna Dressings : NIA 2 

4x4 sponges NIA 2S 

Roll Adhesive tape NIA 1 

Bite Stick NIA 1 

Sterile Burn Sheet NIA 1 

Glucose Substance NIA 1 

Sterile Gauze Dressings NIA 2 

Triangular bandages NIA 3 

band-aids NIA 1 pkg. 

Soft Roller Bandages NIA 4 

Penlight 1 

Oropharyngeal Airway 1 

Adult blood pressure cuff and I 
stethoscope 

lruipected 
by: time: date: 

Reviewed by: 

Nature of repairs: 

RCRA FORM 115/96 sawbul.n:r 



STANDBY/EMERGENCY POWER BACKUP DIESEL GENERA TORS 



DATE: 11/30/95 ***** C H A M P S ***** PAGE: 1 
TIME: 09:09 A.M. Work Order Step/Text Master 
******************************************************************************' 

Work Order : 9509129 Type : p PLANNED 
Status : 70 SCHEDULED 

Description: 25PE504 MNG DIESEL GEN OPS TEST (RCRA) 

Priority 4 SCORE - 40 ON RISK CHART 
Class . 4M4 . 
Project Assigned To . . 
Account P15230201 contact 
Department FA COP Requested 

Requested 

Task Id 
Requested 

WP04-ED-1301 Reference 

: 25P-E-504 
: BACKUP POWER SUPPLY DG #2 

Class: IIIA 

. . 
Date: 
Time: 
Id . . 

PROCTOL 
11/30/95 
0905 
WP04-ED-1301 

Building : 255.2 
Floor 
Room 

Equipment 
Name 
Design 
System 
Parent 

ED09 

Work Description 
.. 
,,..., . 

··~1 

----------------------------- .. 

************ Work Order Line Item ************ 

Step 001 
Need Date 12/09/95 

Seq : 000 
Crew: FO 

'\VO?o.K!N{.1 COPY 
f v] Revi~iou Chcck.c-d 
[ v' 1 Pr~:; Ch:!ck:d 

»• ~· ~ • .,.:- 1- '"'"~ .,.. \~• ..... ._.,__.. ______ _ 
:.! ·.·· 

l. 
' ;J 

Schedule Date: 12/09/95 
Department FACOP 

-~ 
~'•···-··-~ 

Short Description: 25PE504 MNG DIESEL GEN OPS TEST 

Long Description 
25PE504 MNG DIESEL GEN OPS TEST 

y ~lo. 

ORIGINAL 

Work Group .Su~v Release/Date 

WorK F'e!'i8rrned*' 1£.P'tn\Jt.O ~-11 .,,.;., ~ 1t.l1~)- ofrtf\\.a.l·~ ~le...-.- S"A\- I 

:IF t.- !Jf f /.A 6. / f-j -f.: 1f (:::;i. l/ w~ (. /J -11 r;vl,, .J C/tv ff h ( 1-6 ~,via. ,rt-l 

Man Hours: Craft Signature: 

OPS RETEST COMP/DATE 

\ '\,,\q) ,if\ 

OPS CANCELLATION/DATE WORK COMP/DATE WGS 
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FACILITY INSPECTIONS 



03 

I WP 10-WC3008 Rev.O Page 11of1s I 

Attachment 2 - Facility lnspedion Report 

FACILITY INSPECTION REPORT DATE: 

BUILDING/FACILITY NO: BUILDING/FACILITY NAME: 

INSPECTIQN 1EAM MEMBERS 
rust bv Name llnd ~. 

I. COMPONENT CONDIT10NIDEl'I 

TYPE OF DEFICIENCY CONDmON' 

FAIUPOOR ADQIFAIR GOODIEXC 

A. SlRUClURAL 

FOUNDATION 

ROOF 

~IOR ClOSURES 

INTERIOR CONSTlUJCTION 

FtOORS 

DOORS 

STAIRS 

B. ELECTRICAL. 

WIRING 

EXPOSED CONDUITS 

EXPOSED GROUNDING CONNECTIONS 

CONTROLS 

SWITCHES 

OIJT'LETS 

POl.ARrTYI GROUND CONTINUITY TESTS 

D&~ .,..........., ft II' ... a• uu II' "-'-' 1-Y<a ___._, v N 

Serious structural, mechanical, and elecbical deficiencies noted during the Facility inspection are to be 
foDowed up with a complete Condition Assessment Survey (CAS) Inspection, as specified by DOE 
Order 43202(A), Capital Asset Management Process. A systematically appBed CAS as.~sses the 
condition of one capital asset or a group of capital assets, and determines that assers remaining 
useful Bfe to facilitate time-phased budgeting of maintenance, repair, rehabUitation or repair to 
facilities. 
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Attachment 2 - Facility Inspection Report 

FACILITY INSPECTION REPORT DATE: 

BUILDING/FACILITY NO: BUILDING/FACILITY NAME: 

I. COMPONENT CONDmONIDEFICIENCIES (continuedl 

TYPE OF DEFICIENCY CONDmON ·-
FAIUPOOR ADQ/FAIR GOOD/EXC 

C. MECHANICAL 

HEATING 

AIR CONDITIONING 

PIPING 

VENTILATION 

DOOR CONTROLS 

D. SITEWORK 

ROAD SURFACE 

WALKWAYS 

ROAD SHOULDERS 

CULVERTS 

CATTLEGUARDS 

BERMS2 

E.OTHER 

LIGHTING 

CARPET 

PAINT FININSH 

CEILING 

OTHER 

2 As part of the ResoW'Ce Conservation and Recovery Act (RCRA) Part B Permit App6cation, the site's 
water diversion berms, located outside the site's secured area, are required to be inspected on an 
amuaJ basis. Berm locations are shown in Figure 1. 
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·• 
Attachment 2 - Facility Inspection Report 

II. OVERALL CONDITION SUMMARY 

. 

Inspector's Name Inspector's Sianature 

VERIFICATION 

Name Siqnature 

Ill. DEFICIENCIES REQUIRING IMMEDIATE CORRECTION 

WORK REQUIRED WORK 
REQUEST~ 

lS'SUEt) 

IV. OTHER DEFICIENCIES 

WORK REQUIRED WORK 
REQUEST~ 
1s~vao 
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j I -~./I Attachment I -Facility Inspection Report Instructions 

LX I 

Instructions for completing the Facility Inspection Report 

1. CAMP personnel, provide the following information: 

2. 

• Date 

• Building/Facility Name 

• Building/Facility No: (As determined from the Preventive Maintenance 
Schedule.) 

• · Component Condition/Deficiencies: (Conditions are determined for different 
types of deficiencies by corresponding departments.) 

• Overall Condition Summary: {General condition of facility based on 
condition/deficiency information.) 

• Inspectors name 

• · AetieA Reqwest N1.1r;1taers fer QefisieAsies Re~wiFiAg IFRFReaiate GeFfeetieF •. 
and Other DefieieAeies. (The tyf'e ef aefieieAey is aetefffliAea tay tR& 
8"PFeJJFiate 'Nark GantFOI Zone ana eenBYffeB witt:I ey tt:le Feeilily IASJiBslieA 

Cooroin=v~r\ (j\ -r~ l.4.dc'l. 
Cognizant ft\!iraget, complete the Verification section of the Report. 

3. Inspection team members, affix signatures to the Facility Inspection Report as 
evidence of concurrance with findings. 
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EXHAUST SHAFT 



i~vFnk~~ITtfl~ OtJ! y 
DATE: 05/ 18/95 ***** C H A M P S . ' '.ft***~'" -.:.•' ~· -·- · 
TIME: 11:09 A.M. Work Order Step/Text Master 
******************************************************************** 

Work Order : 
Status 

Description: 

Priority 
Class 

Project 
Account 
Department 

9503765 Type ft READY FOR SCHED 

351FAC EXHAUST SHAFT (FAC 

2 SCORE - 20 ON RISK CHART 
4M2 

: P PLANNED 

351) INSPECT 

Assigned To 
Contact 

UGO PS Requested 
Requested 
Requested 

Date: 
Time: 

Task Id : PM041099 Id 

POTTERD 
05/18/95 
1108 
PM041099 

Equipment 
Name 
Design Class: 

RC R'
(eference 

FAC 351 ;:\ 
EXHAUST SHAFT 

Building 
Floor 
Room 

System 
Parent 

UH08 

Work Description 
MO 

************ Work Order Line Item ************ 

Step 001 Seq : 000 
Need Date 06/19/95 Crew: Z5 

Status 60 READY FOR SCHEDULING 
Shift D Trade: HMECH 

Schedule Date: 
·Department UGOPS Notebook: 

Short Description: 351 FAC EXHAUST SHAFT INSPECTION 

Long Description 
351 FAC EXHAUST SHAFT INSPECTION 

Taaout/Lockout y N No. 

Release/Date Work Group Supv Release/Date 

/-~ >-/~-?.> 
Work Performed: 

Man Hours: lt-.r Craft Signature: 

WORK COMP/DATE OPS RETEST COMP/DATE 

·~ 
I 

OPS CANCELLATION/DATE WORK COMP/DATE WGS 



WASTE ISOIATION PILOT PIANT 

MAINTENANCE PROCEDURE 

CONIROLLED COPY NUMBER: ___ _ 

PROCEDURE NUMBER: PM041099 REVISION:....QB_ 

DATE OF ISSUE:12/04/92 

APPLICABLE TO: EXHAUST SHAFT DISCIPLINE: MINE OPS 

SYS1EM: UH08 

EXHAUST SHAFT INSPECTION 

NONLCO/OSR 
1Hv1PORARY PROCEDURE 

Approved for use from 
12/04/92 
UNTIL 

RECEIPT OF WASTE 

PREPARED BY:Original signed by Chuck Druce DATE: 10/20/92 

VALIDATED BY:Original signed by Curtis McAvoy DATE: 10/21/92 

APPROVED BY:Original signed by Fred Ashford DATE: 10/07/92 
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1.0 TITI.E 

QUARTERLY EXHAUST SHAFT INSPECTION 

2.0 PURPOSE 

PM041099 
Rev. OF3 
Page 4 of 16 

'Ibis procedure provides the steJ?S required to perf o:rm the 
OUAR.TERLY Exhaust Shaft Inspection, using a remotely operated 
camera. 'Ibis procedure is to be used during the start up phase 
of WIPP and may be used until the receipt of waste. 

3.0 'REFERENCES 

3.1 Procedures 

WP 10-WC3004, Preventive Maintenance Administration 

WP 12-1, WIPP Site Safety Manual 

WP 13-003, Non-Conformance Item Control 

3.2 Manufacturer's Man.uals 

Laval O&M Manual 

3.3 Drawings 

NONE 

4.0 PREREQUISITES 

4.1 Notify CJIIR. Operator prior to entry and upon exit. 

4.2 Notify FAC OPS of intent to perfo:rm inspection. 

4.3 Underground Supervisor shall ensure Exhaust Shaft 
Station is clear. 

4.4 Contact Ventilation Engineer if Weather 
Instrumentation is present. 

4.5 Notify QA of Shaft Inspection. 



5.0 PRECAUI'IQNS AND LIMITATIONS 

5.1 Precautions 

PM041099 
Rev. OF3 
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5.1.1 There is no work allowed around, or under 
bottom of exhaust shaft, during the 
performance of this inspection. 

5.1.2 Safety belts and lanyards shall be worn when 
working around open hatch covers. 

5.1.3 The photography van shall have the parking 
brake set AND wheels chocked. 

5.2 Limitations 

5.2.1 This procedure does not provide any steps for 
the correction of discrepancies. 

5.2.2 Non-Conforming items shall be controlled per 
WP 10-WC3004 and WP 13-003. 

6.0 TOQLS. EQUIPMENT. AND MATERIALS 

6.1 Tools 

a. 1/2 inch socket set 

6.2 Egµipment 

a. Safety belt with lanyards (1 per Person) 

b. 75 foot hand-line (min. 1/4 inch) 

c. 10 foot step ladder 

d. Photography van (equipment number 35-C-001) 

e. Two-way radio (2 reqd.) 



PM041099 
Rev. OF3 ·· ' 
Page 6 of 16 

6.3 Materials 

a. Blank VCR tape (VHS) (Must be ordered) 

b. Polaroid film (type 339) (Must be ordered) 

c. Glass cleaner WIPP S/N X-51-05001 

d. Petroleum jelly WIPP S/N 12-01478 

e. Paper towels WIPP S/N 38-01227 

7.0 ACCEPTANCE CRITERIA. 

This is an objective inspection, the only applicable standards 
are; discernable photographs and video. 



PM041099 
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8.0 PRoCfilURES 

8.1 Preparation 

[] SO 8 . 1. 1 Notify CMR of intent to perf o:r.m exhaust shaft 
inspection and obtain concurrence. 

[] 8.1.2 Notify Cog Engineer of intent to perfo:r.m 
inspection. 

[]SO 8.1.3 Request that Underground Supervisor ensure 
there is no personnel in the Exhaust Shaft 
Station. 

[]SO 8.1.4 Record Date and Time on Data Sheet. 

[] 8 .1. 5 Park van on south side of Station "A" building 
in line with top sheave. 

[] 8.1.6 Set van parking brake, leave transmission in 
neutral and engine running. 

[] 8 .1. 7 Chock all 4 wheels. 

[] 

[] 

[] 

[] 

8.1.8 Position van davit (boom) to rear of van. Do 
not tighten set screw at this time. 

8.1.9 Connect van to 120 VAC site power (instrument 
room at base of stairwell) . 

8.1.10 Set selector switch to "EXTERNAL AC". 

8.1.11 Activate hydraulic valve on driver side below 
seat by pulling knob out. 



[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

8.2 Setup 

NOTE 8.2 

PM041099 
Rev. OF3 
Page 8 of 16 

1. If weather instrumentation is bein~ used, contact 
Ventilation Engineer prior to proceeding with this 
inspection. 

2. IX) Nar allow the cable drum to free reel. 
Maintain controlled pay out of cable . 

.., -..._I .i 

Safety belts and lanyards are required when working 
around shaft openings. Tie off to Tripod or 
substantial approved anchor. 

8.2.1 Transport video camera and hand-line to roof 
of Station "A". 

8.2.2 Pay out cable and connect to hand line from 
roof of Station "A". 

8.2.3 Loosen set screw on davit (boom) at top of 
Station "A" building. 

8.2.4 Route cable through davit and tripod sheaves. 

8.2.5 Remove bolts securing upper hatch cover. 

8.2.6 Remove retaining plate from hatch cable 
bushing and replace bolts. 

8.2.7 Open hatch cover. 

8.2.8 At;:>ply a light film of petrolel..ll11 jelly to 11 0 11 

rings on cable connector. 

8.2.9 Attach camera to cable connector by rotating 
camera, not cable. 

8.2.10 Connect camera safety chain to kelll..ll11 grip on 
cable. 

8.2.11 Turn on video system and perfo:rm functional 
test of camera, (lights, picture, tilt and pan 
etc.). 



[] 

[] 

[] 

[] 

[] 

[] 

[] 

PM041099 
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8.2.12 Lower kellum grip on cable next to top of 
connector. 

8.2.13 Slowly lower camera into duct until upper 
hatch can be closed. 

8.2.14 Close upper hatch ensuring cable is positioned 
into travel slot bushing. 

8.2.15 Loosen set screw located at "t" handle inside 
Station "A" house. 

8.2.16 Open lower hatch cover and tighten set screw. 

8.2.17 Set mechanical and digital depth indicators to 
zero. 

8.2.18 Insert tape into VCR, add logo, job number and 
date. 



8.3 Inspection 

NOTE 8.3 

PM041099 
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1. Record observations for all items inspected. 

2. If any indications of questionable integrity are 
observed, they SHALL be recorded whether or not they 
are a required inspection item. 

3. Record observations for all required inspection 
items. 

4. Positioning of the camera for inspection and 
traversing is to be accorrplished at the discretion 
of the rator 

[]SO 8.3.1 Begin lowering camera and inspect the 
following items for: 

[] 

[] 

[] 

[] 

[] 

a. cracks 
b. corrosion 
c. salt buildup 
d. dirt 
e. debris 
f. leaks 
g. anchors pulling away from shaft wall 
h. sagging 
1. bending 

Approx. Location 
(in feet) 

ITEM 
(System. con:q;>0nent) 

0-Brow 

0-Brow 

0-933 

0-Brow 

30-32 

a. 13.SKv Feeder on West wall 

b. 4 inch air line on East wall 

c. 2 inch water line on East wall 

d. Instn.nnentation cables located on the 
North wall 

e. Guide pipe supporting brackets ( 4) 
each 



[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

PM041099 
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Approx. Location ITEM 
(jn feet) 

32-34 f. 

43-45 g. 

59-60 h. 

59-60 l.. 

59-60 J. 

59-60 k. 

630-665 1. 

745-780 m. 

890-920 n. 

875-940 o. 

938-940 p. 

8.4 RestQ;c:eLRestow 

(System. c00V;20nent) 

Guide pipe supporting brackets (4) 
each 

Guide pipe supporting brackets (4) 
each 

Radiation Intake Probe (East) 

Radiation Intake Probe (South) 

Radiation Intake Probe (West) 

Air Velocity Tube (North) 

Magenta Aquifer (and Water Ring) 

CUlebra Aquifer 

Tell-tale Pipes (8) each 

Key and Water Ring 

Concrete-salt interface 

NOTE 8.4 

Video camera should be left on while exiting the 
shaft to aid in safely retrieving it around 
obstacles. Recording is not required. 

8.4.1 Upon ccxrpletion of inspection carefully raise 
camera until clear of the lower hatch. 

8.4.2 Close lower hatch cover and tighten set screw. 

8.4.3 Open upper hatch. 

8 .4 .4 Raise camera clear of upper hatch cover. 

8.4.5 Turn off all video equipment. 



[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 

[] 
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8.4.6 Close upper hatch cover and install the four 
retaining bolts. 

8.4.7 Replace the cable bushing retainer plate. 

8.4.8 Remove camera from cable and maintain control 
of cable. 

8.4.9 Place in camera container. 

8.4.10 Remove cable from tripod sheave and davit 
{boom) sheave . 

8.4.11 Attach hand-line to cable and guide cable as 
it is being taken up by the winch. 

8.4.12 After cable has been winched in rotate van 
davit (boom) to front of van and tighten set 
screw. 

8.4.13 Stow roof davit (boom) and tighten set screw. 

8.4.14 Identify on tape purpose, date, job number and 
footage counter indication and rewind video 
tape. 

8.4.15 Secure van by: 

a. Turn off engine. 
b. Remove and store external 120 vac 

extension cord. 
c. De-activate hydraulics in van by pushing 

knob by driver's seat down. 
d. Remove wheel chocks. 

[] 8. 4 .16 Return 10 ft. Step Ladder to tool room. 

[] 8.4.17 Notify CJ.1R. operator shaft inspection corcplete. 

[]SO 8.4.18 Turn over video tape to Work Control for 
archive storage in accordance with DOE order 
1324.2, "Records disposition", chapters I, II, 
III and V. 



9. 0 TASK VERIFICATION (RETEST) 

NONE 

10.0 ATI'ACBMENTS 

10.1 Tagout/t,ockout Reccm:nendations 

NONE 

10.2 Data Sbeets 

PM041099 
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STEP 

8.1.1 

8.1.2 

8.1.4 

STEP 

8.3.1 

ACTION 

A'!TACBMEN'I' 10.2 
DATA SHEETS 
Page 1 of 3 

Notify a.1R. of intent to perform 
inspection. 

U/G Supervisor ensure Exhaust 
Shaft Station is clear. 

Procedure perf onned 

ITEM 

a. 13 . 8Kv feeder 
(O' -Brow) (West) 

b. 4 Inch air line 
(0' -Brow) (East) 

c. 2 Inch water line 
( 0 I -933 I ) (East) 

d. Instrumentation cable 
(O' -Brow) (North) 

e. Guide pipe supporting 
brackets (30'-32' 4ea) 

f. Guide pipe supporting 
brackets (32 I -34 I 4ea) 

g. Guide pipe supporting 
brackets (43'-45' 4ea) 

PM041099 
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INTL8 

U/G SUP Sign 

OBSERVATION 



STEP 

8.3.1 

ITEM 

ATI'ACHMEN'I' 10.2 
DATA SHEETS 
Page 2 of 3 

h. Radiation Intake 
Probe (59'-60') (East) 

i. Radiation Intake 
Probe (59'-60') (South) 

J . Radiation Intake 
Probe (59'-60') (West) 

k. Air Velocity Tube 
(59'-60') (North) 

1. Magenta Aquifer and 
Water Ring(630'-665') 

m. CUlebra Aquifer 
(745 I -780 I) 

n. Key and Water Ring 
(875-940) 

o. Tell-tale Pipes 
(890-920) 

p. Concrete-salt 
interface (938-940) 

PM041099 
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OBSERVATION 



IAST PAGE 
A'ITACBMENT 10.2 

DATA SHEE'l'S 
Page 3 of 3 

STEP ACTION 

8.4.18 Turnover video to Work Control 
for archive storage. 

SIGN-OEF 

MAINTENANCE TE 
SIGNATURE 

MAINTENANCE TE 
SIGNATURE 

MAINTENANCE TE 
SIGNATURE 

PM041099 
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INT.LS 

Mine Ops Sign 

Work control Sign 

PRINTED NAME INITIALS 

PRINI'ED NAME INITIALS 

PRINI'ED NAME INITIALS 



EYE WASH AND SHOWER EQUIPMENT 



EYEWASH INSPECTION RECORD 

ACTIVATE UNIT WEEKLY TO VERIFY PROPER 
OPERATION ANO SIGN BELOW. NOTIFY 
LANDLORD IF UNIT IS INOPERABLE. 

DATE/TIME SIGNED 

lover I 
W,. Form 2425 101/011931 ,...,. 1 ol J 

EYEWASH INSPECTION RECORD 

ACTIVATE UNIT WEEKLY TO VERIFY PROPER 
OPERATION ANO SIGN BELOW. NOTIFY 
LANDLORD IF UNIT IS INOPERABLE. 

DATE/TIME SIGNED 

!Return to Industrial S.fety when complete, and replac11 
WP' Form 2425 101/011931 l'ege 1 of Z 



-

EMERGENCY EYEWASH AND SHOWER 
REPORT OF INADEQUACY 

INDIVIDUAL REPORTING -------------------
STATION BEING REPORTED _________________ _ 

DESCRIPTION OF INADEQUACY-----------------

DESCRIPTION OF REQUIRED CORRECTIVE ACTION -----------

RESPONSIBLE PARTY ___________________ _ 

DATE OF COMPLETION __________________ _ 

INDUSTRIAL SAFETY CONRRMATION ---------------



FIRE DETECTION AND ALARM SYSTEM 



FIRE/SAFETY INSPECTION REPORT 

Date: Time: page 1of1 

BUILDING: LOCATION: 

[]MONTIILY [ )QUARTERLY [ )SF.Ml-ANNUAL [)ANNUAL 

_:LOK _x_ Acljmtment made _Q_ .Rq>airs required 
AIR written AIR number FR. initiated 

(check or amplete the appropriate information) 

~RINKLER SYSI EM NIA[] BOSE REELS NIA[ J 

O.S.&Y. VALVE ACC~ILITY: [ I Yes [ ]No 

POSITION: [ ]OPEN [ ]CLOSED BOSE & NOZZLE CONDITION: 

[ ]LOCKED [ ]SEALED OPEN CWSED 

SUPERVISORY VALVE POSITION OF VALVE [ J [ I 

POSITION: [ ]OPEN [ ]CLOSED POSITION OF NOZZLE [ J [ I 

GAUGE llEADINGS: T B 

SPRINKLER OBSTR.UCTIONS: [ ]YF.S [ ]NO 
DETECTOR NIA[] 

TYPE: 

CONDmON: 

FUNCTIONAL TFS!': [ JYF.S [ ]NO 

BO KN/BELL NIA[] 

CONDmON: 

FUNCTIONAL TFS!': [ JYF.S [ ]NO 

EMERGENCY LIGHTING NIA[) PULLBOXF.S NIA[] 

PROPER LOCATION: ( ]YF.S ()NO CONDmON: 

CONDITION: ACC~ILITY: 

1<1.JNCTIONAL TFS!': [ JYF.S I )NO FUNCTIONAL TFS!': l JYF.S [ ]NO 

l'lRE ALAKM PANEL NIA[ I SPF.cIAL F1llE EOUIPMENT NIA[ I 

TYPE: TYPE: 

POWER ON @ PANEL: ( JYF.S I (NO POWER ON 0 PANEL: [ J Yes ( ]No 

VISIBLE DAMAGE: l JYF.S l )NO OTHER. LIGHTS ON @ PANEL: [ I Yes I J No 

OTIIER LIGDTS ON@ PANEL:l JYF.S I )NO If yes esplaim: 

lJo' YES EXPLAIN: CONDmON: 

folJNCTIONAL TFS!': ( JYF.S ( JNO FUNCTIONAL TFS!': [ J YF.S [ ]No 

lnsptrled 
by: 

F.P.E. or Designee date: 

*EM Manager: date: 

Comments: 

•NOTE: EM Mauger refte'lf l'llqllinld _.,. if .W--1 m ies are f--4. 

RCRA FORM tiIOl96 fire.safe.rcr 



FIRE HOSE INSPECTION RECORD 



I FlREHOSERECORDFORM 
I 

Identification #: Size (dia.): Length: ft. Coupling size: I 

Type of hose: 

Construction: 

MFG.: 
.; 

Date in service: 

HOSE TEST RECORDS 

DATE TIME P.S.I. RESULTS REASON FOR FAILURE CORRECTIVE ACTIONS INSPECTED BY 

RCRA FORM 119196 firebose.rcr 



FIRE HYDRANTS 



HYDRANT INSPECTIONS 
Date: Monthly [ ] Quarterly [ ] 

__:{_ OK _A_ Acljmtmmt made _Q_ Repairs required 

AIR written A/RnumbEr FR initiated 
(chedl or amplete the appropriate information) 

# TIME CONDmON REMEDIAL ACTIONS 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

10 

11 

u 
u 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Impeded by: Date: 

FPE or Designee: Date: 

*EM Manager: Date: 

Comments: 

•NOTE: EM M....,- n:riew nqmired amly if *'iii mies are f-a. 

RCRA FORM 1/10/96 hydrant.rcr 



FIRE PUMPS 



WEEKLY FIRE PUMP INSPECTION 
Date: Time: page 1 or 2 

.:Lo~ ....L~-- ...Q_ Rep.in R IQ ... 

Allwrilaa All_... ...... ( )Y• ( )Ne 
(r:Mck w mmpkte.._ .,,..,.-. w--..) 

l'lRE ALARM PANEL CONTROL VALVES 

POWER LIGHT I I Ou I I OIT ~ OPEN ~LOSED LOCKED 
TROUBLE LIGHT l I Ou I I OIT 
ALARM LIGHTS I ] Ou l ] Off' 1 0 0 0 
ALARM DISABLE I ) Ou I ) OIT 2 0 0 0 
ALARM SIGNAL TRANSMITTED l ) No I ) Yts 3 0 0 0 

4 0 0 0 
s 0 0 0 

WATER TANK LEVELS 6 0 0 0 
7 0 0 0 

NORTH SOUTH u 0 0 0 .. 13 0 0 0 
14 0 0 0 
15 0 0 0 
16 0 0 0 

.!OCKEY PUMP 17 0 0 0 
19 0 0 0 

Breaker Switch I JON I JOFF 20 0 0 0 

Coutroller Switch I )HAND( JOFFI JAUTO 21 0 0 0 

Cowweut~: 36 0 0 0 

CONTROLLERS FIRE PUMPS 

. Electric 
ELECTRIC PUMP 

Breaker Switch I JON I )OFF Weekly Test Performed I JNo I )Yes 

Pow.,r J...iWit I ION I )OFF 
Comm.as: 

Dit!Sd DIESEL PUMP 

Maiu Switch Auto [ JNO I JYES Weekly Test Performed [ ]No I )Yes 
Commma: 

S1aut Down Mode Mauual I JNO I IYES 
Tachometer Readiag (RPM): 

Cowweuts: Hourmeter Reading (prior to test): 
Visible Leaks NO YES 

Water 0 0 

DIESEL fJJEL 
OD 0 0 
hel 0 0 

Valve PositiODS I IOPEN I )CLOSED OD LeYel Cbecked 0 0 

Fill cap ia place I )YES I JNO 
Coolaat LeYel Cbecked 0 0 

Tau.I.; 1.,vd E F Ground Wll"e Coaaectioa Tagbt [ JNO [ )YES 
'A 'IJ 'A (from staner motor to diesel e:aPae block) 

Speed Control Loclaauts [ ]TIGHT [ JLOOSC: 

c.,....m..rCommma: 

l.uspected by: 

FPE or Desipee: DATE: 

•EM MGR DATE: 
~ ··wweuts: 

f · l'IOTE: Reriew by EM Maaacer required oaly ii deficim:ies are fOUlld. 

RCRA FORM 1/11196 wfirepwn.rcr 



WEEltLY FIRE PUMP XBSPECTXOB 
paqe 2 of 2 

, 
' 

~,,, 

\(2) (!) ----- ii 
~~~~---l~~~~=J-(_)-+~H~_..~_--t-F")::::;::====== 

/ 191 f •o ,._, sls=o.i-

- ; ,- I 

I I ~ I 
I I 

wOf 

. -
NORTH 

WATER TANK 

/ 

/~-, ,~·®=:-i \ .·: If ~ 
\ I I lfl...-.13· ~ I "'11( lJ I 

" SOUTH 
WATER TANK 

LEGEND 

1 FW-456-V-1 
2 FW-456-V-2 
3 FW-456-V-3 
4 FW-456-V-4 
5 FW-456-V-5 
6 FW-456-V-6 
7 FW-456-V-7 
12 FW-456-V-12 
13 FW-456-V-13 
14 FW-456-V-14 
15 FW-456-V-15 
16 PW-456-V-16 
17 FW-456-V-17 
19 FW-456-V-19 

RCRA FORM 1/11/96 wfinpum.rcr 

11.0. 
N.O. 
11.0. 
N.O. 
M.O. 
N.O. 
11.0. 
11.0. 
11.0. 
N.o. 
11.0. 
11.0. 
11.c. 
11.0. 

20 FW-456-V-20 B.O. 
21 FW-456-V-21 B.C. 
36 PW-456-V-36 B.O. 

• 
I I 

A ELECTRIC PUMP COHTROLLBR 
B DIESEL ENGINE CRANK LEVERS 
C DJ:BSEL ENGINE MANUAL TBRO'l''l'LE 
D DIESEL PUMP CON'l'ROLLER 
B JOCDY PUMP Cmr.t'llOLLBR 
P PDlB ALARM COB'l'ROL PANEL 
G 'l'ES'l' FLOW METER GAUGE 



FIRE SPRINKLER SYSTEMS 



QUARTERLY SPRINKLER SYSTEM 
TEST REPORT 

Date: Time: page 1of1 

...t OK _x_ Acljmtment made _Q_ Repairs Required 

AR written: [ ] Yes [ ]No AR DUlllber: 
(check or cemplete the appropriate information) 

Building: 

STATIC ~ (With Calibrated Gauges) 

Calibration Due Date: Gauge#: System Upper Gauge: 

Calibration Due Date: Gauge#: Supply Lower Gauge: 

INSPECTOR'S TEST 

Acce&Vble [ ] Yes [ ] No 
Alarm mntrol valve open & sealed [ ] Yes [ ]No 
I .apsed time for alarm: 
Water motor gong activated: [ ] Yes [ ]No [ ] N/A 
Presmu-e switda and alarm panel activated: [ ] Yes [ ] No [ ] N/A 
CMR. signal receipt: [ ] Yes [ ] No [ ] N/A 
Valve dosed after trst: [ ] Yes [ ] No [ ] NIA 
Visible leaks: [ ] Yes [ ] No [ ] N/A 

MAIN DRAIN TEST 

Residual presmre with valve fully open and fire plDDp running: 

Supply gauge: System gauge: 

LINE STRAINERS [ ] N/A 

Rflllovable strainers: 
R.fllloved: [ ] Yes [ ] No 
Cleaned: [ ] Yes [ ] No 
Replaced: [ ] Yes [ ]No 

SYSTEM RETURN TO NORMAL OPERATING CONDmON [ ] Yes [ ] No 

Performed 
by: 

FPE or Designee: Date: 

*EM Manager: Date: 

Comments: 

*NOTE: EM Manager renew required only if def"ac:iencies are found. 

RCRA FORM 1/10/96 qspksys.rcr 



FIRE TRUCKS 



WEEKLY CHECK LIST 
Seagrave Fire Apparatus 

Date: page 1 of2 

Seagrave 

_:Y__ OK _x_ Adjustment made ~ Repairs Required 

AR written AR number 
(cbec.k or ccmplete tbe approp:iate iafonrudioo) 

ITEM CONDITT ON REMEDIAL ACTIONS 

Fuel level (fill if < 3,4 full) 

Oil level 

Radiator level 

Automatic transmi~ion fluid level 

Power steering fluid level 

Oil pressme ( > 60 psi) 

Engine tmaperature ~ F.) 

Tachometer (rpm at idle) 

Brake fluid level 

Emergency brake 

Battery (tenninals clean/systma charging) 

Fan belts 

Test drive 

Windshield wiper/washer 

Vehicle lights (bea~ marker, turn 
signals, back-up, interior, fog, & dash) 

Emergency lights (light bar' grill, side, & 
rear rotators) 

AettSSOry lights (compartment, panel, 
spot, fl~ & band) 

Sirens, born, & back-up alann 
(functional test) 

Inspect SCBAs (fill if < 3600 psi) 

RCRA FORM 1115/96 seagrav.rcr 



WEEKLY CHECK LIST (cont.) 
Seagrave Apparatus 

page 2 of2 

ITEMS CONDmON REMEDIAL ACTIONS 

Cellular phone (make sure it's plugged 
in) 

Pmnp primer & oil level 

Booster tank level 

Pmnp at 150 psi 

Operate all valves/check gauges 

Oper.tte relief valve/check light 

Heat pump indicator 

Large leaks around pump pumping? 

Hose & equipment 

Clean (inside and outside) 

Odometer reading after test 

Oper.tte hydraulic ladder rack 

Start & run generator 5 minutes 

Test 110 volt lights & outlets 

Check foam tank capacity 

TIRES (llO p111 

Right front 

Right rear outside 

Right rear imide 

Left front 

Left rear outside 

Left rear imide 

Inspected 
by: time: date: 

F.P.E. or 

~=-

Comments: 

RCRA FORM 1/15/96 seagrav.rcr 



WEEKLY CHECK LIST 
Emergency One Apparatus 

Date: page 1 of2 

EMERGENCY ONE 

_:Y__ OK _x_ Adjusbnent made _!L Repairs Required 

AR written AR number 
(a.a __ ,.. ......... -ma.) 

ITEM CONDmON RF.MF.DIAL ACTIONS 

Fuel level (f"ill if < % full) 

Oil level 

Radiator level 

Automatic tral'l!lilllliwon ftuid level 

PowS" steaing ftuid level 

Oil p~ ( >60 psi) 

Engine temperature (J)(agrees F.) 

Tachometer (rpm at idle) 

Brake fluid level 

F.mergency brake 

Battery (terminals dean/systan charging) 

Fan belts 

Test drive: 2 wheel drive 

Test drive: 4 wheel drive 

Windshield wiper/washer 

Vehicle lights (bead, marker, tum 
signals, back-up, interior, fog, & dash) 

Emergency lights (light bar, grill, side., & 
n2r rotators) 

A~ry lights (oompartment, panel, 
spot, flood, & band) 

Sirem, born, & back-up alarm 
(functional test) 

RCRA FORM 1/10/96 emone.rcr 



WEEKLY CHECK LIST (cont.) 
.Emergency One Apparatus 

pagelofl 

ITEMS CONDmON REMEDIAL ACTIONS 

Inspect SCBAs (f'.U if < 3600 psa1 

Cellular phone (make sure it's plugged 
in) 

Pump prim« & oil leYel 

Booster tank leYel 

Pump at 150 psi 

Operate all ftlns/cbeck gauges 

Operate relief ftlTe/cbeck light 

Heat pmnp indicator 

Large leaks around pump pumping? 

Hose & equipmmt 

Cll'JUI (inside and out.Vele) 

Odometer reading after test 

TDmS 

Right front (80 psi) 

Right rear outside (70 psal 

Right rear inside (70 psa1 

Left front (80 psi) 

Left rear outside (70 psa1 

Left rear inside (70 psa1 

lnspcdcd 
by: time: date: 

F.P.E. or 
Designee: 

Comments: 

RCRA FORM 1/10/96 emone.rcr 



HAZARDOUS MATERIAL RESPONSE EQUIPMENT 



WEEKLY CHECK LIST 
Hazardous Material Response Equipment 

Date: page 1of2 

HAZMAT TRAILER 

-t/ OK _x_ Adjustment made _Q_ Repairs required 

AIR written AIR number 
(check appropriate information) 

ITEM Min.# Current # Remedial Actions 

SPILL-X model SC-30-C (gun) 1 -
SPILL-X model XC-30-S (gun) 1 

SPILL-X model SC-30-A (gun) .,· 1 

A-Acid, S gallon bucket (Recharge 1 
Powder) 

S-Solvent, 5 gallon bucket (Recharge 1 
Powder) 

C-Caustic, 5 gallon bucket (Recharge 1 
Powder) 

Absorbent sheets 3' X 100' 1 

Grab and Go container: spill control 1 
bucket; 
For solvents and neutralizing 
absorbent; 5 gallon bucket 

Grab and Go container: spill control 1 
bucket; 
Fur adds/caustics; 5 gallon bucket 

I 00 ft. rolled "Pig" for general 1 
liquid' 

IOO ft. rolled "Pig" for oil 1 

Drum spreader I 

Hand operated pump for chemical 1 
transfer 

Hand operated pump for petroleum 1 
transfer 

Floor squeegee, nonwood handle 1 

Gas cylinder leak control kit 1 

I-gallon plastic jugs 4 

RCRA FORM 1/10/96 bazwat.rcr 



WEEKLY CHECK LISI' (cont.) 
Hamrdous Material Respome Equipment 

page 2 of 2 

ITEM MIN.# Current# Remedial Actions ,M 

5-gallon plastic pail with lids 3 

Portable lighting unit 1 

Patching kit, series A Hazardous 1 
Response Kit; Class A 

Scoop, plastic 1 

Shovel, plastic 3 

Fully encapsulated Level A suits 4 

Level B suits 4 

Acid suits, green 4 

Chemical and Chemical-Support gloves 

inner-cloth gloves 12 pair 

outer-pvc gloves 12 pair 

outer-viton gloves S pair 

HAND TOO~ 

14" L. adjustable pipe wrench 1 

15" multi-opening bung wrench 1 

hammer/crate opener 1 

8" pipe pliers 1 

8" blade phillips I 

#2 screwdriver I 

6" blade standard screwdriver 1 

claw hammer 1 

Inspected 
hy: time: date: 

Reviewed by: 

Nature of 
repairs: 

RCRA t'ORM 1/10/96 bazmat.n:r 



MINE PAGER PHONES 



DATE: 11/13/95 ***** C H A M P S ***** 
TIME: 11:54 A.M. Work Order Step/Text Master 
\·*********************************************************************** 

Work Order 
Status 

9508597 
70 SCHEDULED 

Type : p PLANNED 

Description: 73P006 MNG FO PLANT COMMUNICATIONS SYSTEM TESTING 

Priority 
Class 

2 SCORE - 20 ON RISK CHART 
4Q2 

Project 
Account Pl5230201 
Department FACOP 

Task Id : WP 04-PC3017 

73-P-006 

Assigned To 
Contact 
Requested 
Requested Date: 
Requested Time: 
Reference Id 

PRO CTOL 
11/13/95 
0900 
WP 04-PC3017 

Equipment 
Name 
Design Class: 

ANNOUNCING PANEL PA & INTERCOM SYSTEM 
IIIB 

Building 
Floor 
Room 

System 
Parent 

PC03 

Work Description 

~ ************ Work Order Line Item ************ 

Step 70 SCHEDULED 

451 
02 
230 

Need Date 
Schedule Date: 

001 
11/24/95 
11/24/95 
FA COP 

Seq : 000 
Crew: FO 

status 
Shift D . .:rracie: . fa+'EC 

. ' l 
Department Notebook: •... --· ;. 

Short Description: 73P006 MNG FO PLANT COMMUNICATIONS SYSTEM TESTING 

Lon 
7~~~tffi'.::.E:L'..:.EIJU~J;;.Ol'llliU~~l'..U~~~~~Es:.J~:.c;._--------------------I 

Rel.ease/Date Work Group Supv Release/Date 

(w~~ 
Won:. Performed: 

~cifY~J 

Man Hours: Craft Signature: 

WORK COMP/DATE OPS RETES COMP/DATE 

ril Al_ ti \'-'~ lii- ric \ . I I UJ. 'tr 
OPS CANCELLATION/DATE WORK C:JMP/DATE WGS 



WASTE :ISOLATJ:ON P:tLOT PLANT 
FACJ:Lr?Y OPERAT:IONS 
llOB-ostl/UXL 3 

.... ,· ... .... . .. 
~ ... 

T:ITLE: ESSENT:IAL PLANT COMMON:ICATJ:ON SYSTEMS TEST:ING 

PAGB 8 of 8 
WP 04-PC3017 

Rav. o 

ATTACHMENT 1 - ESSENTIAL PLANT COMMON:ICAT:ION SYSTEMS TEST lU!!COll 
Paqe L of" l' 

03 FOR ANY MAINTENANCE PERFORMED ON THIS SYSTEM THAT ALLOWS OR REQUIRES THIS PROCEDURE TO BE 
PERFORMED. RECORD THE DATE MAINTENANCE WAS COMPLETED. THE NATURE OF lME REPAIRS. AND THE PWR 
NUMBER. ENTER NIA IF NOT APPPUCABLE. 

OS 

DATE NATURE OF REPAIR 

&.1.17 PA Alarms.,._ test~ rmde. 

5.2.5 Underground Ewcu.1ion Alann System test ennounoemen111 rMde. 

5.3.1 Enena.i Undervraund Mine Phone Test· Cl** if ..a.t.mry. 

Undervraund to Vaioe CMRto 
Mine Phone Looa1ion CMRPqe Conmunioalion Underground P•oe 

Und........w.le 
_Oel..ETE. 

---- ... _ 
51000 AaeemDly Aree 

S 1950 Aaaembty Aree 

5550 Wetch Sbnion 

WH Sheft Sbnion AuemDlv 
Area 

SH Sheft Station Aeeemblv 
Area 

Bamcede in Room G 

5.3 . .2. Enemi.i Surface Mine Phone Tnt • Cheak If ndaf.mry. 

Voioe 
Mine Phone Lacadon Surfeca to CMR Cornmunice1ion CMR to Surfeoe 

Paoe Und.........,e ..... 
l..-np Room 

EOC 

5.4 . .2. SNS tnt • .._._nt mede. 

PERSONS INIT1AUNG FOR STEP COMPLETION IN TID PROCEDURE. C0MPLErE 11tE FOLLOWING: 

PRINT NAME 

PRINTNAME 

RECORD VALIDATION: 

PRINTNAME 

I 

I 

I 

I 

INITIALS I 

INITIALS I 

NRNO. 

I 

lnhlm. I 11nw 

I 

lniti• I Time 

lnltWa I 11nw 

" . 

I 

lniliele/11nw 

I 
lnitilllel11nw 

DATE 

DATE 

DATE 

I 



PERSONAL PROTECTIVE EQUIPMENT 



SCBA CYLINDER/BACKPACK COMPONENT QUARTERLY INSPECTION 

TIME: 

INSPECTED BY: 

::::~:::::::::::::::::::r.m~ti~rill •~11111tt4?,tf:~~~:: :mm~1•i~~rtl4i•l&]•i-f r!~i~~i~e.•m::::::::::mi:i ::::1!:~m=i::::::rn;::1•1:i:i:i:l::m:~==::1 

::i1if~t~ti~!B1119l!ailmlllBlll&r 

REMARKS AND DEFICIENCIES: 

CORRECTIVE ACTIONS TAKEN: 

. Internal ESH Form RESP.001 (121595) 

ISP-2-006 ATTACHMENT 1 - SCBA CYLINDER/BACKPACK COMPONENT QUARTERLY INSPECTION PAGE 1 OF 1 



WEEKLY SCBA INSPECTION 

Date: Time: page 1of1 

SCBA number: Brand: Location: 

_:L OK _x_ Acij11stment made .JL Repairs required 
(t:beck or aJ1Dplete the appropriate information) 

D'EMIREQUIREMENT CONDmON REMEDIAL ACI'IONS 

Air p~ not leg than 80 prn:mt (3600 pm"} 

Hoses and hose connectors 

Guket and airleak test 

Facepiece (dean/fac:epieces are deaned and 
inspected by lndmtrial Hygiene) 

Backpack components 

c-.. ~es (regulator and cylinder) 

Cylinder (condition) 

Cylinder hydro date 

By-~ valve dosed 

Main-line valve dosed 

Regulator 

~ure off of the regulator 

Str .. ps extended 

Alarm check 

Motion or heat detector alarm test 

Inspected 
by: 

F.P.E. or Designee: 

Commmts: 

RCRA FORM 1111/96 scba.rcr 



PUBLIC ADDRESS 



'• '. • -.J . . . - .... . "·· ... ~ 

UATE: 11/13/95 ***** C H A M P S ***** 
TIME: 11:54 A.M. Work Order Step/Text Master 
'·*********************************************************************** 

Work Order : 9508597 Type : p PLANNED 
Status 70 SCHEDULED 

Description: 73P006 MNG FO PLANT COMMUNICATIONS SYSTEM TESTING 

Priority 
Class 

Project 
Account 
Department 

2 SCORE - 20 ON RISK CHART 
4Q2 

Pl5230201 
FA COP 

Assigned To 
Contact 
Requested 
Requested Date: 
Requested Time: 

PRO CTOL 
11/13/95 
0900 

Task Id : WP 04-PC3017 Reference Id WP 04-PC3017 

Equipment 
Name 
Design Class: 
System 
Parent 

73-P-006 
ANNOUNCING PANEL PA & INTERCOM SYSTEM 
IIIB 
PC03 

Work Description 

************ Work Order Line Item ************ 

Building 
Floor 
Room 

Step Status 70 SCHEDULED 

451 
02 
230 

Need Date 
Schedule Date: 

001 
11/24/95 
11/24/95 
FA COP 

Seq : 000 
Crew: FO Shift D . ..Trade:' fa+'EC 

: ; I 
Department Notebook: 

Short Description: 73P006 MNG FO PLANT COMMUNICATIONS SYSTEM TESTING 

Lon 
7~~L:'.!l~::.E:>.:.l?~~..C01!11W~~~~:.;..s~~~~~~---------------~--t 

Re.l_~ase/\D.ate . (~\lw 
Work Group Supv Release/Date 

Work Performed: 

~c:;ff~~ 

Man Hours: Craft Signature: 

WORK COMP/DATE OPS 

i l_;l\l l1 ~ '1-;-
RETES(\COMP/DATE 

(tl~ II Ci) 
OPS CANCELLATION/DATE WORK CJMP/DATE WGS 



WASTE :ISOLATION P:ILOT PLANT 
FAC:IL:I'rY OPERATIONS 
BOB-00/SAUa 3 
T:ITLE: ESSENT:IAL PLANT COMM'ONI:CATIOH SYSTEMS TEST:ING 

PAGB 8 of 8 
WP 04-PC3017 

Rav. o 
. 

ATTACHMENT 1 - ESSENT:IAL PLANT COMMtJN:ICATION SYSTEMS TEST RECOR. , '" ' 
Paqa l.. of "L' 

03 FOR ANY MAINTENANCE PERFORMED ON THIS SYSTEM THAT ALLOWS OR REQUIRES THIS PROCEDURE TO BE 
PERFORMED, RECORD THE DATE MAINTENANCE WAS COMPLETED, THE NA1URE OF THE REPAIRS, AND THE PWR 
NUMBER. ENTER N/A IF NOT APPPUCAS:.Z.. 

DATE NATURE OF REPAIR PWRNO. 

I 
&.1.17 PA A1mn System tnt MnCIUll09l'Mlll IMde. 

lnllWe/'Tlme 

I 
&.2.5 Underaround EV80Uelion Alerm SvatWn tnt announoemem. made. 

lniti• I Time 

5.3.1 Enenliel Undervround Mine Phone Tnt • Cheak If e.a.taotorv. 

Underaround to Voioe CMRto 
Mine Phone Loudon CMRPqe Comrnunioelion Undtlrvround Page lnhWal'Tlme 

Und........,.. 

05 0£L£TE. 
---- -·--
51000 Anemblv Area 

.~ 

S 19&0 A•.......aiv Aree 

55&0 Wetch Station 

WH Sheft Station Auembly 
A Ne 

SH Sheft Station AenmDty 
Are• 

Banicede in Room G 

5.3.2 Enenliel Surfec• Mine Phone Teet· Cheak if ealiefeotory. 

Voioe 
Mine Phone Loc.tion Surfece to CMR Comrnunioation CMR to Surface I 

Peoe Und~ Peoe lnhWa/'Tlme 

l..wr1'J Room 

EOC 

I 

5.4.2 SNS tnt --"' rnede. 
lnidele , ,,._ 

P!RSONS INl11AUNQ FOR &TEP COMPl.ETlON IN THIS PROCEDURE. caMPLEl1! 11IE FOLLOWING: 

PRINT NAME I INITIALS I DATE 

PRINTNAME I INITIALS I DATE 

RICORD VALIDATION: 

PRINTNAME, I I DATE 
.._,_,,--:-r•. -=~ ~,..-:·,, 

_,,_,I .·- ----



RADIATION MONITORING EQUIPMENT 



WASTE ISOLATION PILOT PLANT 
OPERATIONAL HEALTH PHYSICS 
NON-OSll/SAZL 3 

Page 21 of 27 
WP l2-HP1200 

Rev. l 
INSTRUMENTATION AND CALIBRATION 

ATTACHMENT l Page l of 2 

PORTABLE INSTRUMENT PERFORMANCE CHECK 

lulnmmt 15-HP-1111: IWerwe Rttc!-., IC Tmeel~ 

Prabe 15-RP-1111: --.....-.: 
i.-n..u.&lprobe .... : 5-ra Type m S.W ...-..: 5-aTypemS.W a_..: 

N-a.r. N--..: 
l. ..... (:tJKl: 2. Rute(±lO .. l: 

Solfte Type u11 S.W --....: s.ra Type 111111 S.W RMdills: 
~ N.mMr: 

MGMll: 3. ..... (±101'): '· R.up(±l01'l: 

Y..r. 
Sauca Type ull S.W a.dills: C1tllnli a 0.: 
N-a.r. 
5. .....(±l01'): 

1 l 3 ' 5 ' ' 
Tme ,.... ,.... Tme Tme ,.... Tme 

----------- -----------· ,_ ____________ ----------- ~----------· ----------- -
M..,. b9dinic MllM'~ ~ ....... Mnwa--. Maw ...... ~...-.. M_.a--.. ·----------- -----------· ~--------------------· -----------------------· ------
1. l. 1. l. 1. 1. 1. 
l. l. l. l. l. l. l. 
3. 3. 3. 3. 3. 3. 3. 

'· '· '· '· '· '· '· 5. 5. 5. 5. 5. 5. 5. 

Tclli......_ T 
lllil ·-

T I 
.. 

T•llmililill T ..... T ..... T.-.-. 
Sipamn Sp 'I ·-- ....,. ....,. Sp on ...... ,. ___________ 

---------------------· -----------· -----------· ----------- ----
I ' lt 11 l2 u 14 

Tme ,.... T- T- ,.... ,.... ,.... 
----------- ~---------------------· -----------------------· ----------- -
~~ ,..... ....... ~ ....... Maw ...... Maw ...... ,..... ...... Mnwa.dilc 

~---------- -------------~---------------------- ~----------· ~---------- --
1. 1. l. l. l. 1. 1. 
l. 2. l. l. 2. 2. 2. 
3. 3. 3. 3. l. l. l. 

'· '· '· '· '· 4. '· 5. 5. 5. 5. 5. 5. 5. 

Ter:Mjrjee T........._ T .... T•' - T ' . ;- T I ... Ter+gjrjgp 

Sipamn ...... Sr-" s.-rw ...... Sr,,. Sipmn 

·----------- ~-----------.----------ii-----------· -----------· ~--------- -
..... I -· ·- • -· .... ~.; 

,, 

• . 
•'(' -t" -. • ... · r--

~r~m.t.~t OOPY 
- ' . -

·-· 



WASTE ISOLATION PILOT PLANT 
OPERATIONAL HEALTH PHYSICS 
lfOll-OSR/SAII. 3 
INSTRUMENTATION ANO CALIBRATION 

ATTACHMENT l 

Page 22 of 27 
WP l2-HPl200 

Rev. l 

Page 2 of 2 

PORTABLE INSTRUMENT PERFORMANCE CHECK (CONT.) 

15 H 1'7 11 It 21 21 

·- ·- ·- ... n.. r .. Tme ------------· ----------· ------------------------------· ----------- ---
Mlur' ...... ~ ...... Mmr-a..-. ,..... ...... ~ ...... ~ ...... MmrR...-1 -----------· ----------------------------------· ----------------------· ------
1. 1. l. l. l. l. l. 
2. 2. 2. 2. J. J. l. 
3. 3. 3. 3. J. 3. 3. 

'· '· '· ... ... ... '· 5. 5. - 5. 5. 5. 5. 5. 

T•lllmiliM T~ Tldllici• r~ y.r-;. T•• iee TerMjri• ....... Sip •• Sip8ain ...... Si .. n Sip •n ...... 
·----------- -------------------------

.., ___________ 
---------------------------

ll 23 2' 25 2' 27 JI 

Tme n.. r .. n.. ,.. n.. Tme ------------ ------------· ~--------------------· ----------------------
M..-a_... ~ ...... Mmr-a..-. ~ ...... ~ ...... MIMr ..... Mlur'~ -----------· -----------· ~----------------------_.. _________ 

~----------
1. l. l. 1. l. l. l. 
l. l. l. l. l. J. l. 
3. 3. 3. 3. 3. 3. 3. 

'· '· ... ... '· ... ( '· 5. 5. 5. 5. 5. 5. 5. 

T ..... T_._..._ T ..... T .... .. T • ... 't lwai& '• T11:........_ ....... ...,.. Sipmn s.. • Sit ... s.ii-n ....... ·----------- -------------------------~---------- -"'!'---------· ------------- --
29 31 31 c 

T_. n.. n.. ---------- ------------· ~----------
Mlur' ...... MIMr ...... Mmra..-. 
~------- -------------· ~----------

1. l. l. 
l. J. 2. 
3. 3. 3. ... ... 4 • 
5. 5. 5. 

T I ;- T • - T • - Su uiw~ 
Sip • Sir '-• s. • 

~---------· ~------------ ~--------

..... ol·i ..... 1¥'.~ ... •••·· •.··---· • 
-

. .o:ar~ •••· -·· •· •• · ..... 



WASTE ISOLATION PILOT PLANT 
OPERATIONAL HEALTH PHYSICS 
NOlf-OSll/SllL 3 
INSTRUMENTATION AND CALIBRATION 

ATTACHMENT 2 
SOURCE CHECK LABEL 

TICL lllilimll: ------

. .-

Page 23 of 27 
WP l2-HP1200 

Rev. 1 

Page l of l 



WASTE ISOLATION PI~OT PLANT 
OPERATIONAL HEALTH PHYSICS 
OSR/SAXL 2 
AIRBORNE RADIOACTIVITY 

ATTACHMENT 4 ~J)l~ 
rrrm-n LOG SHEET 

Equipment type and number: 

!Location: 

Pilter 
Chanqa Plow (ctm> 

Data 'rim• 
jinitial Pinal Yes No 

-

I I 
I I 

I 

Page 34 of '.39 
WP 12-HPJSOO 

Rev. l 

Page l of l 

Remarks Siqnatura 

-

' .. 

..... 

~ ~.\.:, ... - ... - . .. /...1, 1 

. . .... 



WASTE ISOIATION PILOT PLANT 
OPERATIONAL HEALTH PHYSICS 
OSR/SAII. 2 
RADIOLOGICAL MONITORING EQUIPMENT 

ATTACHMENT 2 

Page 41 of 57 
WP l2-HPl300 

Rev. o 

Page l of l 

PORTABLE CAM OPERABILITY DATA SHEET 

:t.ec;end 

NIS: Not in service 
OOC: Out of commission 
PWR: Plant work request 

A check in the column indicates tbe condition meeu tbe limit. 
Use an u&erisk to indic:a1e LCO equipment. 

Start time: Stop time: 

Shift: l 2 3 

Checklist 

CAM flow: 0. 9 to ·1.1 cfm 
OK: Operatin1 properly 
Alpba 6 specmam 
0.anael 178 ± S cbumels 

Date: 

Technician signature Supervisor signature Date 

CMS Operator signature 

lmtr. 
Locatioa Number 

Date 

------· 
Flow 
CaL 

·------· 

------· 

--------· 

~------· 

------· 

~------· 

·------· 

lutr. 
CaL 

PWRI ,__ _____ ... 
rwa· 
Date 

·-------
-------
~------.. 

~------· 

.. __. ____ _ 

·------· 
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Attachment 5 - Portable Alpha CAM Functional Checklist 

Equipment number: --------- Location:----------

Source ID: Source type: ------- Source dpm: 

05
1 Start Time: ____ _ Stop Time: ____ _ 

214Po peak centered at channel 178±5 channels 

Flow is 0.9 to 1.1 cfm 

Flow alarm actuates 

HI-HI alarm beacon and bell actuate 
239Pu peak in channel 112±5 channels 

reading cpm 

Efficiency ( ~ 15 percent?) 

Comments: 

Check Appropriate Line 

Yes No 

(Initial appropriate column) 

Test satisfactory: ------ Test unsatisfactory: -----------

Operator: --------
PRINTNAME 

Supervisor: --------
PRINTNAME 

SIGNATURE 

SIGNATURE 

DATE 

DATE 

Page 1 of 1 

CONTROLLED COPY 
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Attachment 6 - Portable Beta-Gamma CAM Fundional Checklist 

Equipment number: ---------- Location:----------

Source ID: 
Source type: 
Source dpm: 
Decayed value: ___ dpm 

°j Start Time: ____ _ Stop Time: ____ _ 

Counting lamp illuminated 

Background (<1000 cpm?) 

Alarm beacon and bell aduate 

Acknowledge button extinguishes bell while 
beacon remains on 

Alarm setpoint reset 

Efficiency _____ (~20 percent?) 

Comments 

Check Appropriate Une 

Yes No 

(Initial appropriate column) 

Test satisfadory: ------ Test unsatisfadory: -----------

Operator. -~~~----
PRINTNAME 

Supervisor. .....,..,,...,,... _____ _ 
PRINTNAME 

SICJNATURE 

SlllNATURE 

DATE 

DATE 

Page 1of1 

CONTROLLED COPY 
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Attachment 7 - Initial Alarm Setup of the Alpha-6 

Prior to or immediately following installation of the Alpha-6 or after an Alpha-6 "load 
default," the alarm system must be reconfigured for WIPP applications. 

Summary 

There are parameters associated with each alarm setpoint that may be edited. These 
parameters are listed in Section 111.B.2 of the Alpha-6 technical manual and may be 
edited with a remote terminal through the remote port using the SET command as 
d~scribed in Appendix 8 of the technical manual. 

The following changl!s may need to be made if using an Oyster mo_del 80/16s terminal: 

Variable Parameter Current Setting Change 

ALARM(3) _N 5 6 

ALARM(3) .OF_M 5 6 

ALA.RM (3) & (4) .MODE 000001108 110010008 
) 

ALARM(4) .N 5 6 

ALARM(4) .OF_M 5 6 

Change Region R (ROl.1) to CH (92. _ . 126). 

Change CONST(3): Plutonium algorithm constant to 0.6. 

Change CONST(4): Detector efficiency (4n) to 0.20. 

NOTE: Radiological Control personnel can vary the above settings. For example, 
excessive oversubtraction of ROl-1 may warrant a change in CONST(3). All 
changes must be justified by radiological calculation or written documentation. 

NOTE: For Alpha-6/6A portable CAMs, set alarm (3) and alarm (4) modes to 
110011108. 

«':~1..\•.,•'-..vi.. ....... .J v·...1~ t ..._ 

Page·1of1 
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Attachment 8 - Minimum and Maximum CAM Alarm Setpoints 

I Minimum HI Alarm Minimum HI-HI Alarm 
Setpoint Setooint 

!Area Alpha CAMs 
(1 cfrn) 

ICAMs 27. 29. 31. 33. 35, 30cpm 30cpm 
~7.39,53,55,119, 125, 
129 

Effluent Alpha CAMs 
2 cfrn) -

CAMs 117, 121. 127, 151. 40cpm 40cpm 
153.157 

Effluent Alpha CAM 
1 cfrn) 

CAM 155 12cpm, 8 OAC 12cpm,80AC 

Area Beu-Gamma 
CAMs (1 cfrn) 

CAMs 28. 30. 32. 34. 38, 6000 cpm, 8 OAC 7500 cpm, 10 OAC 
38,40,54.56, 120. 128. 
130 

Effluent Beu-Gamma 
~AM (1 cfrn) 

6000 cpm. 8 OAC 7500 cpm, 10 DAC 
!CAM 156 

Emuent Beu-Gamma 
2 cfrn) 

12.000 cpm, 8 OAC 15.000 cpm, 10 DAC 
CAMs 118, 122, 128, 152. 
154.158 

low Range ArM 
Radiation Monitors 10 mr/hr 50 mr/hr 
~ARMs) 

'" 

-

Page 49 of 54 \ 

Maximum Setpoint 

60cpm 

1040 cpm 

60cpm 

7500cpm 

7500 cpm 

15,000 cpm 

50 mr/hr 

Page 1of1 

CONTROLLED COPY 
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Attachment 9 - Setpoint Change Notice 

The alarm setpoints on the following instrument have been temporarily reset 

INSTRUMENT INSTRUMENT INSTRUMENT 
TYPE NUMBER LOCATION 

Reason for adjustment : High Radon: 

If "Other" selected, give reason below : 

Setpoint Adjusted By : 

Authorizing Signature: 

TEMPORARY EXPIRATION 
SETPOINT TIME/DATE 

Other: 

Date/Time: 

Date: 

Page 1of1 

CONTROLLED COPY 
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Attachment 10 - RMS Data Sheet 

Legend 

Rev. 1 

Checklist 

CAM flow: 0.9 to 1.1 cfm 
Sta. A : 1 .8 to 2.2 cfm 

Page 51 of 54 j 

Shift: 1 2 3 

NIS: Not in service 
OOC: Out of commission 
OK: Operating property 
PWR: Plant work request Alpha 6 spectrum Channel 178%5 channels 
UPS: Uninterruptible power supply 

A check in the column indicates the condition meets the limit. 

Start time: __ _ 
Technician signature 

Stop time: __ _ Date:--------
Supervisor signature 

Ambient Room Temperature : 70 - 90 •c Station A : __ _ Station B: ---
now UPS PWll I 

llllU'. eomm AJpba ' now 1a11:r. 11a PWR 
Location Number Smaus (c:pm, ClwmeJ Enab CaL CaL Raa . Dalll 

WHBICH CAM °'' 
WHBICH CAM 056 

WHBICH CAM 153 

WHBICH CAM 1'4 

WHBICH CAM 157 

WHB!CH CAM 151 

llOOM l 
P~.Et. l CAM -130 

Page 1 of 1 
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Attachment 11 - Chart Recorder Operability Check 

DatefTime: _____ _.;...I ____ _ 

FAS Skid B-2 

Fl~Box Input 
(cfm) 

,/ 

0.3 

2.0 

2.7 

Self-test 

Op check 

As Found 

Fl~Box 
(cfm) 

Allowable 
Tolerance 

(percent ftow) 

10 (5 to 15) 

67 (52 to 72) 

90 (8S to 95) 

Sat/Unsat 

Sat/Unsat 

Recorder 
< rcent now) 

1 

Fl~Box 

(cfml 

As Left 

Chart Recorder Number 

2 

Recorder 
rcent flow) 

3 

Remarks:~---------------------------------

Technician: ---~==----...,,.NAME 

......... 
Supervisor: ---·--....,..,,......-~---

'""""'NAME 

.. .. . 

Page 1of1 
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Attachment 12 - Air lnleakage Test Data Sheet 

Equipment Number: CAM Numbers: -----' ---

CAM Flow Rate Meter Calibration Due Date: --------------

Inlet Flow Rate Measuring Device Model Number: ------------

Inlet Flow Rate Measuring Device l.D. Number: -------------

Inlet Flow Rate Measuring Device Calibration Due Date: -----------

CAM Flow Rate Meter Reading: cfm 

Inlet Flow Rate Measuring Device Reading: ------ cfm 

Difference between readings in cfm: ------ and in %: -----

Were adjustments to the system required? (Check one) No: Yes: 

If Yes, explain: -------------------------

Test Results (Check one): Satisfactory: __ Unsatisfactory: __ 

If Unsatisfactory, explain reason : -------------------

o5' I Start Time: ____ _ Stop Time: ____ _ 

Technician: 
---~PRINT~~--ME---------- SIGNATURE 

RC Management: --------------
PRINTNAMe SIGNATURE 

DATI: 

DATI: 

Page 1of1 

CONTROLLED COPY 
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Attachment 13 - Omega Datalogger Operability Check Sheet 

FAS Skid A-3 

Channel 1 

Channel2 

Channel3 

Total Flow 

Flow meter 
input 

'~"'' 
0.300 

2.040 

2.700 

As Found 

Flow meter 
cfm) 

Allowable 
Tolerance 
I~\ 

0.296 to 0.304 

2.036 to 2. 044 

2.696 to 2.704 

Oatalogger 
(cfm) 

Linearity Check 

1 

Technician: ----......----------
PMIT'NAME 

RC Management: - ....... ~-------
""""NAME · .. 

Date/Time: ----
As Left 

Flow meter 
cfm) 

Oatalogger 
cfm) 

Datalogger Number 

2 3 

~f~OtlEt~~l 1 of 1 

t'nNTRnt 1 s:n ,..n, 
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RADIO EQUIPMENT 

No forms are used. Radios are operated 
daily and are repaired upon failure 

• 



RESCUE TRUCK 



SURFACE RESCUE TRUCK 
AND EQUIPMENT 



WEEKLY CHECK LIST 
Surface Rescue Truck and Response Equipment 

Date: page 1or3 

RESCUE TRUCK 

_:Y_ OK _J_ Adjustment made _Q_ Repairs required 

AIR written AIR number 
(check or complete the appropriate information) 

ITEM Condition Min.# Current # Remedial Actions 

Oil level NIA NIA 

Radiator level NIA NIA 

Fan Belts NIA NIA 

Brake Fluid Level NIA NIA 

Fuel level NIA NIA 

Oil Pressure (psi) NIA NIA 

Engine Temperature NIA NIA 
(normal range) 

Emergency Brake NIA NIA 

Horn and siren NIA NIA 

Lights (head, fog, NIA NIA 
clearance, and 
quartz) 

Turn signals and NIA NIA 
hazard lights 

Spot lighLo; NIA NIA 

Emergency lighting NIA NIA 
and warning systems 

Windshield wipers NIA NIA 
and washers 

Volt Meter NIA NIA 

Winch line, control, NIA NIA 
and motor 

VHF Radio NIA NIA 

Medical Radio NIA NIA 

RCRA FORM 1110/96 srsctrk.rcr 



WEEKLY CHECK USf (cont.) 
Surface Rescue Truck and Response Equipment 

Date: page 2 of 3 

ITEM Condition Min. II Current II Remedial Actions 

Cellular Phone NIA NIA 
(make sure it's 
plugged in) 

Interior light NIA NIA 

Tire Pressures (60 psi) 

Right front NIA NIA 

Right Rear Inside NIA NIA 

Right Rear Outside NIA NIA 

Left Rear Inside NIA NIA 

Left Rear Outside NIA NIA 

Left Front NIA NIA 

TOO~ AND EQUIPMENT 

4 .ton come-a-long 1 

Portable generator 1 
(operational check) 

Porta-Power 1 
(Operational check) 

Air bag system (fill 1 
tank if < 1700 
psi): 
12-ton bag 
17-ton bag 
21.8 ton bag 

air chisel 1 

Oxygen, size E (fill 1 
if below 1000 psi) 

IV Start Kits NIA 2 

1116 g Angiosets NIA 2 

1118 g Angiosets NIA 2 

1120 g Angiosets NIA 2 

lOOOcc LR IV fluid NIA 1 

SOOcc NS IV fluid NIA I 

RCRA FORM 1/10/96 srsctrk.rcr 



WEEKLY CHECK UST (cont.) 
Surface Rescue Truck and Response Equipment 

page 3 of 3 

ITEM Condition Min.# Current# Remedial Actions 

TRAUMA KIT 

trauma dressing NIA 2 

4 x 4 sponges NIA 25 

roll adhesive tape NIA 1 

bite stick NIA 1 

sterile burn sheet N/A 1 

glucose substance NIA 1 

sterile gauze NIA 2 
dressings 

pkg. band-aids NIA l 

soft-roller bandages NIA 4 

triangular bandages NIA 3 

adult blood pressure l 
cuff /stethoscope 

penlight l 

adult oropharyngeal l 
airway 

Inspected 
by: time: date: 

F.P.E. or 
Designee: 

Nature of 
repairs: 

RCRA FORM l/10/96 snctrli..rcr 



UNDERGROUND RESCUE TRUCK 
AND EQUIPMENT 



WEEKLY CHECK LIST 
Underground Rescue Truck and Response Equipment 

Date: page 1of3 

UNDERGROUND RESCUE TRUCK 

...; OK ~ Adjustment made _Q_ Repairs required 

AIR written AIR number 
(check or complete the appropriate information) 

ITEM Condition Min.# Current # Remedial Actions 

engine oil level NIA NIA 

fan belts NIA NIA 

transmission NIA NIA 
tluid level 

noticeable leaks NIA NIA 
(engine 
compartment) 

brake fluid level NIA NIA 

seat belt NIA NIA 

horn NIA NIA 

emergency NIA NIA 
warning lights 

siren NIA NIA 

h~dlights (low) NIA NIA 

h~dlights (high) NIA NIA 

turn signal NIA NIA 
switch 

left side air pak NIA NIA 

left side 10 # NIA NIA 
ext. 

125 # ext. (dry NIA NIA 
chemical) 

150# ext. (foam) NIA NIA 

tail light'> NIA NIA 

stop lights NIA NIA 

tlashing lights NIA NIA 

back up lights NIA NIA 

RCRA FORM 1/11/96 ugrsctrk.rcr 



WEEKLY CHECK LISI' 
Underground Rescue Truck and Response Equipment 

Date: page 2 of 3 

ITEM Condition Min.# Current# Remedial Actions 

right side 10# NIA NIA 
ext. 

right side air NIA NIA 
pack 

apparatus clean NIA NIA 
(dust ofO 

body condition NIA NIA 

ST ART ENGINE 

fuel level NIA NIA 

oil pressure (psi) NIA NIA 

battery charge NIA NIA 

vehicle hour NIA NIA 
meter reading 
(after test) 

test drive NIA NIA 

handling/brakes/ N/A NIA 
shifting 

forward/reverse/ NIA NIA 
shifting 

TIRES PRESSURES (100 psi) 

right front NIA N/A 

right rear NIA NIA 

left rear N/A N/A 

left front NIA NIA 

TOOLS AND EQUIPMENT 

500 watt halogen 2 
lamp (portable) 

Come-a-longs 2 

12 #sledge 1 
hammer 

6' wrecking bar 1 

bottle jacks 2 

2' pry bar 2 

RCRA FORM 1/11/96 ugrsctrk.rcr 



WEEKLY CHECK LIST 
Underground Rescue Truck and Response Equipment 

page 3 of 3 

ITEM Condition Min.# Current# Remedial Actions 

5' pry bar 2 

4# hammer 1 

%" drive socket 1 
set 

l/z" drive socket 1 
set 

% " drive socket 1 
set 

25' 1/2
1111 chain 1 

18" crescent 2 
wrench 

100' extension 2 
cords 

10' nylon slings 2 

6' nylon slings 2 

4' nylon slings 2 

lnspt~cted 

by: time: date: 

F.P.E. or Designee: 

Nature of 
repairs: 

RCRA FORM 1111/96 ugl'llCtrk.rcr 
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SELF RESCUERS 
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HOISTING OPERATIONS 
NON-OSR/SAIL 3 
TITLE: SELF-RESCUER INSPECTION 
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0 New procedure 
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1.0 PURPOSE AND SCOPE 

PAGE 3 of 9 
WP 04-AD3026 

Rev. o 

1.1 The purpose of this procedure is to provide 
instructions to ensure the functional reliability of 
the self-rescuer used by personnel accessing the 
underground at the Waste Isolation Pilot Plant 
(WIPP). 

1.2 This procedure is applicable to the Drager 810, 
Drager 910, and MSA W-65. The procedural steps in 
this document apply to all self-rescuers in use at 
the WIPP site. All self-rescuers failing the tests 
SHALL be discarded. 

2.0 REFERENCES 

2.1 BASELINE DOCUMENTS 

30 CFR 57, Safety and Health Standards - Underground 
Metal and Nonmetal Mines 

U.S. Department of Labor Program Information Bulletin 
No. P92-15 

DOE/WIPP 91-005, Resource Conservation and Recovery 
Act Part B Permit Application 

2.2 REFERENCED DOCUMENTS 

NONE 

3.0 DEFINITIONS 

IN SERVICE DATE - Date self-rescuer received on site. 

4.0 EQUIPMENT LIST 

Drager 810, Drager 910, and MSA W-65 Self Rescuers 

5.0 PRECAUTIONS AND LIMITATIONS 

5.1 As required by 30 CFR 57, manufacturers' 
recommendations for inspection will be followed 
during all inspections. 

5.2 Self-rescuers shall be checked, and information 
recorded, by a designated individual who is familiar 
with the requirements of this procedure and the 
manufacturers' recommendations. 
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6.0 :IN:IT:IAL COND:IT:IONS 

6.1 Self-rescuers SHALL be engraved with an in-service 
date on their labels. 

6.2 Self-rescuers whose in-service life exceeds the 
following criteria SHALL be discarded: 

6.2.1 

6.2.2 

7.0 PROCEDURE 

Drager 810 and Drager 910: 

A) The approved service life period for 
devices distributed on or before November 
13, 1991, is five years from the date of 
manufacture. 

B) The approved service life period for 
devices distributed after November 13, 
1991 is the lesser of: 

• Six years from the date of 
manufacture 

• Five years from the date shipped to 
the WIPP site 

MSA Model W-65 

A) The approved service life is the lesser 
of: 

• Fifteen years from the date of 
manufacture 

• Ten years from the date shipped to 
the WIPP site 

7.1 INSPECTION OF DRAGER 810 

7 .1.1 

NOTE: 

7.1.2 

7 .1. 3 

Remove Drager 810 from the protective pouch. 

The Drager 810 has an in-service life 
extending forward in time from the date 
engraved on the label. 

IF date on label indicates in-service life 
criteria of Step 6.2 has been exceeded, 
THEN discard the self-rescuer. 

Verify the hermetic (vacuum) seal of the 
self-rescuer is intact by subjecting the lid 
and body to moderated twisting and pulling to 
establish a valid seal. 
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7.1.4 Perform the following: 

A) Reject any self-rescuer for which the lid 
and body separate. 

B) Place back into service those self
rescuers that pass the test. 

NOTE: The Drager 810 does NOT need the 
actual weight and factory weight 
recorded. 

C) Record the following for self-rescuers 
that pass the test in Attachment 1, Self
Rescuer Quarterly Check: 

• Time of inspection 

• Self-rescuer model ID number 

• Self-rescuer serial ID number 

• In-service date 

SIGNOFF REQUIRED 

NOTE: 

7.1.5 

7.1.6 

Attachment 2, Self-Rescuer Color Codes, lists 
colors corresponding to a calendar quarter. 
Color coded tapes are used to verify the 
rescuer has been checked for that calendar 
quarter. 

Attach to the self-rescuer, around the body, 
a color coded tape corresponding to the 
calendar quarter. 

Return the self-rescuer for re-issue to the 
Underground Dispatcher's office. 

7.2 INSPECTION OF MSA W-65 AND DRAGER 910 

7.2.1 

NOTE: 

7.2.2 

7.2.3 

Remove the self-rescuer from the protective 
pouch and remove all foreign particles. 

Both the MSA W-65 and the Drager 910 have an 
in-service life extending forward in time 
from the date engraved on the label. 

IF date on label indicates in-service life 
criteria of Step 6.2 has been exceeded, 
THEN discard the self-rescuer. 

Weigh the self-rescuer on a calibrated scale. 
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7.2.4 

7.2.5 

7.2.6 

7.2.7 

7.2.8 

Compare the weight of the self-rescuer with 
the factory weight stamped on the bottom of 
the self-rescuer. 

Destroy, by separation, all self-rescuers 
weighing more than ten grams over the factory 
weight. 

Examine the self-rescuer visually to assess 
its continued service using the following 
criteria: 

• Banding seal is in place and unbroken 

• canister is NOT damaged around the 
sealing surf ace 

Remove from service all damaged self
rescuers. 

Record the following data for self-rescuers 
that pass the test in Attachment 1, Self
Rescuer Quarterly Check: 

• Date 

• Test Equipment ID Number 

• Color Code 

• Calibration Due Date 

• Time of inspection 

• Self-rescuer model ID number 

• Self-rescuer serial ID number 

• In-service date 

• Actual weight 

• Factory weight 

• Pertinent remarks 

• Names of Quarterly Check Performer and 
Reviewer/Validator 

SIGBOFF REQUIRED 
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NOTE: Attachment 2, Self-Rescuer Color Codes, lists 
colors corresponding to a calendar quarter. 
Color coded tapes are used to verify the 
rescuer has been checked for that calendar 
quarter. 

7.2.9 Attach to the self-rescuer, around the body, 
a color coded tape corresponding to the 
calendar quarter; 

7.2.10 Return the self-rescuer for re-issue to the 
Underground Dispatcher's office. 

8. 0 REV:IEW 

NONE 

9.0 RECORDS 

9.1 The following is a Permanent Quality Record and 
Resource and Conservation Recovery Act (RCRA) Record: 

• Attachment 1, Self-Rescuer Quarterly Check, 
Hoisting Operations 

9.2 Validation of the Quality Record generated by this 
procedure is by signature of a Hoisting Operations 
Supervisor. 

9.3 The record generated by this procedure is identified 
on, and maintained in accordance with Hoisting 
Operations Records Inventory and Disposition Schedule 
(RIDS). 

9.4 The RCRA Record from this procedure is required to 
remain on-site for a minimum of three years. 
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TITLE: SELF-RESCUER INSPECTION 

ATTACHMENT 1 - SELF-RESCUER QUARTERLY CHECK 

SELF-RESCUER QUARTERLY CHECK 

Date: T••t Equipment ID No: 

Color Coda: Calibration Du• D•t•: 

TIME MODB. ID NO SERIAL ID NO IN-SERVICE ACTUAL 
DATE WEIGHT 

REMARKS: 

PERFORMED BY 

NAME (PRINTED! INITIALS SIGNATURE 

NAME IPRINTEDI INITIALS SIGNATURE 

REVIEWED AND VALIDATED BY: 

PAGE 8 of 9 
WP 04-A03026 

Rev. o 

Page 1 of 1 

FACTORY 
WEIGHT 

I I 
DATE 

I I 
DATE 

NOTE: Completion of thi• •tep by e Hoisting Operations Supervisor constitutes validation of this record. 

£ £ 
NAME (PRINTED! INITIALS SIGNATURE DATE 
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ATTACHMENT 2 - SELF-RESCUER COLOR CODES Paqe 1 of 1 

SELl'-RESCUER. COLOR CODES 

Self-rescuers shall be inspected at intervals not to exceed three 
calendar months. To ensure the self-rescuers are properly 
maintained, each inspection period will be desiqnated by a 
different color code to differentiate the requirement for 
inspection. Eiqht colors will be used over a two year period. 

COLOR 'l!DIE PER.l:OD 

VIOLET 1st Quarter, Even numbered calendar years 

BLUE 2nd Quarter, Even numbered calendar years 

GRAY 3rd Quarter, Even numbered calendar years 

YELLOW 4th Quarter, Even numbered calendar years 

WHITE 1st Quarter, Odd numbered calendar years 

GREEN 2nd Quarter, Odd numbered calendar years 

RED 3rd Quarter, Odd numbered calendar years 

ORANGE 4th Quarter, Odd numbered calendar years 

CONTROLLED COPY 



SURFACE TRU MIXED WASTE HANDLING AREA 



TITLE: SURFACE TRU MIXED WASTE HANDLING AREA INSPECTIONS 

ATTA CHM ENT 1 

CH CONTAINER STORAGE UNIT 

Epoxy floor coating in good condition -- free of cracks and gaps 

No evidence of spills or leaks from waste containers 

Unobstructed access with adequate aisle space for emergency equipment 44 
inches minimum 

Containers in good condition (no visible deterioration) 

Area free of debris, refuse, and any indication of spillage 

Warning signs posted in area 

Telephone/Internal Communications - proper working order 

Record the following in the Equipment/ Area Logbook: 

• Check satisfactory or unsatisfactory 

• Identified deficiencies which were NOT corrected 

• Outstanding/newly generated Action Requests 

Enter time and date, then sign the logbook to document last performance of 
inspection. 



TITLE: SURFACE TRU MIXED WASTE HANDLING AREA INSPECTIONS 

ATTACHMENT 2 

TRAILER PARKING AREA 

Asphalt Parking Area, no cracks that would create a hazard to the forklift operation 

No evidence of spills or leaks from TRUPACT-lls and road casks 

TRUPACT -lls and road casks in good condition (no visible deterioration) 

Unobstructed access for personnel and emergency equipment -- four feet minimum 
between loaded TRUPACT-11 and road cask trailers 

Inventory of loaded TRUPACT-lls and road casks is representative of what is 
indicated in the WWIS 

Warning signs posted in area 

Record the following in the Equipment/ Area Logbook: 

• Check satisfactory or unsatisfactory 

• Identified deficiencies which were NOT corrected 

• Outstanding/newly generated Action Requests 

Enter time and date, then sign the logbook to document last performance of 
inspection. 



TITLE: SURFACE TRU MIXED WASTE HANDLING AREA INSPECTIONS 

ATTACHMENT 3 

RH CONTAINER STORAGE UNIT 

*Epoxy floor coating in good condition -- free of cracks and gaps 

No evidence of spills or leaks from waste containers 

Containers in good condition (no visible deterioration) 

Area free of debris, refuse, and any indication of spillage 

Warning signs posted in area 

Telephone/Internal Communications - proper working order 

Record the following in the Equipment/ Area Logbook: 

• Check satisfactory or unsatisfactory 

• Identified deficiencies which were NOT corrected 

• Outstanding/newly generated Action Reqi.;ests 

Enter time and date, then sign the logbook to document last performance of 
inspection. 

* This inspection will not be performed while waste resides in the Hot Cell or 
Transfer Cell due to radiological concerns. 
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ROOF BOLTS AND TRAVELWAYS 
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TITLE: UNDERGROUND OPENINGS INSPECTIONS 

RECORD OF REVISION 

Beason for Revision 

PA~E l ot 8 
WP 04-AU1007 

Rev. 1 

1 Combines WP 04-AU1006 and WP 04-AU1007 
(WP 04-AU1006 will be cancelled upon 
approval of this procedure) 

TECHNICAL REVIEW ORGANIZATIONS 

ENGINEERING 

FACILITY OPERATIONS 

MINING OPERATIONS 

WRITER 

OPSRC 
APPROVAL 

DEPT 
APPROVAL 

QUALITY ASSURANCE 

ENVIRONMENT, SAFETY & HEALTH 

Date 

':ONTROL~2D ·:::~· 
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1.0 

2.0 

3.0 

4.0 
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Rev. l 

1.0 PURPOSE AHD SCOPE 

1.1 This procedure provides the instructions to p~form a 
ground control inspection of the ground conditicus 
ana roof bolts in the underground at the Waste 
Isolation Pilot Plant (WIPP). 

1.. 2 

1.3 

General instructions are provided in Section 7.1 for 
removal of loose ground by hand scaling. 

Mine Operations personnel will perform and document 
underground openings inspections described in 

.i Sections 7.2, 7.3 and 7.4. "'-- .. _1 , _LL 

1.1.f 'Lap~w P"-~·--•~t ""''II btr;- ~-~ ou \:"-
REFERENCES c>feAl1~S li.i~pJ ... N cJ.u.Jc.I •~. (.-\.HA-ch. ~I} 

2.l BASELINE DOCUMENTS 

• 

•· 
• 

DOE/WIPP 91-005, Resource Conservation and 
Recovery Act, Part B permit application 

WP 12-1, Safety Manual 
l'S•PR 

WP 13 6, ouality Assurance Records Managemen· 
Policy 

• 30 CFR Part 57, Federal Metal and Nonmetal 
Mine Safety and Health Requlations 

• New Mexico Mine Safety Code for all Mines 

2.2 REFERENCED DOCUMENTS 

NONE 

3.0 DEFINITIONS 

•· LOGBOOK - A numbered, bound, ledger retained by 
required shift personnel to record pertinent shift 
information and the operational history of the 
aS'Sociated system/equipment 

• BARRIER - A material object or set of objects placec 
tc impede unauthorized entry 

•· SCALING - Removal of insecure material from a back c 
rib either by hand or by mechanical methods 

•· TBAVELWAY - A passage, walk, or route reqularly usec 
and designated for persons to go from one place to 
another, ir.cluding shafts and stations 

4.0 EQUIPMENT LZST 

•· Scaling bar or other appropriate sounding device 
(e.g., hammer, drillsteel, or roof bolt of 
appropriac.e J.ength) 
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S.O PRBCAU'l'ZONS AND LDlXTATZONS 

• Inspections should begin at a safe and sc~nd starting 
point 

• In areas where roof bolts have been covered with 
expanded metal or other supplemental support, a 
visual inspection SHALL be conducted using an 
elevated pla~form or other means suitable for 
performing a thorough inspection 

• Loose roof bolts WILL NOT ring when sounded. Bad 
back or rib will have a drummy, hollow, or un-solid 
sound when sounded 

• Ground conditions that create a hazard to persons 
SHALL be taken down OR supported before other work or 
travel is permitted in the affected area. Until 
corrective work is completed, the area SHALL be 
posted with a warning against entry, and when left 
unattended, SHALL have a barrier installed to impede 
unauthorized entry 

6.0 ZNZTZAL CONDITIONS 

NONE 

7.0 PROCBDtJRB 

7.1 GENERAL EMPLOYEE GROUND CONTROL INSPECTION 

7.1.1 

7.1.2 

7.1.3 

Prior to performing work, visually inspect 
roof bolts, back, and rib in work area for 
the following: 

• Roof, back, and rib bolts damaged/~issing 

• Roof bolts for loose or deformed plates 

• Back and rib for cracks, fractures, and 
separations 

Sound suspicious roof bolts, back, and rib in 
the work area to determine the following: 

• Loose roof bolts 

• Bad back or rib 

Sound a random number of roof bolts, and 
random areas of the rib and back to determine 
the following: 

• Loose roof bolts 

• Bad back or bad rib 

CONTROLLED COPY 
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WARNING 

When performing scaling operations, always maintain a 
safe avenue for retreat. Also maintain a position such 
that an unexpected event WILL NOT place you in a 
position where scaling bar or material being scaled 
could fall on you. 

7.1.4 

7.1.5 

7.1.6 

Using a scaling bar long enough to allow 
operator to work under good ground, remove 
bad ground. 

IP loose, broken, or missing roof bolts are 
found, 
THEN perform the following: 

A) Notify immediate supervisor of 
deficiencies. 

B) Notify Underground Facility Supervisor of 
deficiencies. 

C) Proceed as directed by immediate 
supervisor. 

IP bad ground CANNOT be removed manually, 
THEN ensure the followjng are performed: 

A) Post area to warn others of deficiencies. 

B) IP area is to be left unattended, 
THEN have barriers posted. 

C) Notify supervisor of deficiencies. 

D) Proceed as directed by supervisor. 

7.2 UNDERGROUND TRAVELWAY WEEKLY INSPECTIONS 

7.2.1 

7.2.2 

Visually inspect travelway roof bolts, back, 
and rib for the following: 

• Roof bolts for loose or deformed plates 

• Back and rib for cracks, fractures, and 
separations 

Sound suspicious roof bolts, back, and rib to 
determine the followin,g: 

• Loose roof bolts 

• Bad back or rib 

CONTROLLED COPY 
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7.2.3 Sound a random number of roof bolts, and 
random areas of the rib and back to determi"lM 
the f ollowinq: 

• Loose roof bolts 

• Bad back or bad rib 

WARNING 

When performinq scalinq operations, always maintain a 
safe avenue for retreat. Also maintain a position such 
that an unexpected event WILL NOT place you in a 
position where scalinq bar or material beinq scaled 
could fall on you. 

7.2.4 

7.2.5 

Usinq a scalinq bar that is lonq enouqh to 
allow operator to work under qood qround, 
remove bad qround. 

IJ' loose, broken, or missinq roof bolts are 
found, 
'rHEH perform the followinq: 

A) Physically mark each loose roof bolt. 

B) Post area to warn others of deficiencies. 

C) X~· area is to be left unattended, 
'rHEH have barriers posted. 

D) Notify supervisor of deficiencies. 

E) Proceed as directed by supervisor. 

F) Document action taken iu logbQok. h- _ ,~,· ·t· 
6iJ , ..,~ra.c.-t•o"' 4.i .... ~.11s 

~ bad qround CANNOT be removed manually, 
THEN ensure the followinq are performed: 

A) Post area to warn others of deficiencies. 

B) ~ area is to be left unattended, 
'rHEH have barriers posted. 

C) Notify supervisor of deficiencies. 

D) Proceed as directed by supervisor. 

E) 
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7.3 LOOSE BOLT MONTHLY INSPECTIONS 

7.4 

7.3.l 

NOTE: 

7.3.2 

7.3.3 

Visually inspect assigned area for loose or 
deformed roof bolt plates, and broken or 
missing roof bolts. 

Loose bolts WILL NOT ring when sounded. 

sound roof bolts found to have loose or 
deformed plates for loose or broken roof 
bolts. 

IF loose, broken, or missing roof bolts are 
found, 
THEN perform the following: 

A) Physically mark each loose roof bolt. 

B) Post area to warn others of deficiencies. 

C) IF area is to be left unattended, 
THEN have barriers posted. 

D) Notify supervisor of ANY deficiencies. 

E) Proceed as directed by supervisor. 

F) Document action ift .l~hcok •. / I 1 · .l
~L\ 1111,.pt:e.tioAl CAl\t.e- C. ·~ • 

UNDERGROUND FACILITY ANNUAL INSPECTIONS 

7.4.1 

7. 4. 2 

7.4.3 

Physically inspect travelway roof bolts, 
back, and rib for the following: 

• Roof bolts for loose or deformed plates 

• Back and rib for cracks, fractures, and 
separations 

Sound suspicious roof bolts, back, and rib to 
determine the following: 

• Loose roof bolts 

• Bad back or rib 

Sound a random number of roof bolts, and 
random areas of the rib and back to determine 
the following: 

• Loose roof bolts 

• Bad back or bad rib 
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WARNING 

When performing scaling operations, always maintain a 
safe avenue for retreat. Also maintain a position such 
that an unexpected event WILL NOT place you in a 
position where scaling bar or material being scaled 
could fall on you. 

7.4.4 

7.4.5 

Using a scaling bar that is long enough to 
allow operator to work under good ground, 
remove bad ground. 

J:F loose, broken, or missing roof bolts are 
found, 
THEN perform the following: 

A) Physically mark each loose roof bolt. 

B) Post area to warn others of deficiencies. 

C) J:F area is to be left unattended, 
THEN have barriers posted. 

D) Notify supervisor of deficiencies. 

E) Proceed as directed by supervisor. 

F) Document action taken in logbook. 

8. 0 REVJ:EW 

NONE 

9.0 RECORDS 

9.1 

9.2 

9.3 

The following is a Permanent Quality/Resource 
Conservation and Recovery Act record: 

• Mine Operations Shift Logbook · 
•· IJ.Nd. u ~ ........... .l. 0 P~.:... s ~ J:i.a~paui- '""'"" C.Nc..IGi. .-:t 
The record from this procedure is identified on and 
maintained in accordance with Mine Operations Records 
Inventory and Disposition Schedule. 

Validation of the Quality Record generated in 
accordance with this procedure is by signature. 
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UNDERGROUND OPENINGS INSPECTION SHEETS 

DATE: TIME: 

WEEKLY: MONTHLY: ANNUAL: 

DRIFT INITIALS COMMENTS & ACTION TAKEN & DATE 
OBSERVATIONS 

. 
E-140 FROM N-150 
TO S-1950 

E-300 FROM S-90 
TO S-1950 

S-90, S-400, S-700 
S-1000, S-1300 AND 
S-550 ALCOVES 

S-1600 AND S-1950 

ROOM 1 PANEL 1 

ROOM 2 PANEL 1 

ROOM 3 PANEL 1 

ROOM 4 PANEL 1 

ROOM 5 PANEL 1 

ROOM 6 PANEL 1 

ROOM 7 PANEL 1 

ADDITIONAL 
INFORMATION 

INSPECTOR (PRINT NAME) : 

SIGNATURE: 
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UNDERGROUND OPENINGS INSPECTION SHEETS 

DATE: TIME: 

WEEKLY: MONTHLY: ANNUAL: 

DRIFT INITIALS COMMENTS & ACTION TAKEN & DATE 
OBSERVATIONS 

W-30 FROM S-90 
TO S-2180 

W-170 FROM S-90 
TO S-2180 

E-140 FROM S-1950 
TO , S-2180 

E-300 FROM S-1950 
TO S-2180 

S-700, S-1000, AND '"' 

S-1300 SHOP AREA 

S-1600, S-1950 AND 
S-2180 

CORE STORAGE 
LIBRARY 

ADDITIONAL 
INFORMATION 

INSPECTOR (PRINT NAME) : 

SIGNATURE: 

\ 

' 
' 
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UNDERGROUND OPENINGS INSPECTION SHEETS 

WEEKLY: ___ _ MONTHLY:---- ANNUAL: ___ _ 

PAGE Sc OF 8 
ATTACHMENT 1 
WP 04-AU1007 

Rev. 1 

DRIFT INITIALS COMMENTS & ACTION TAKEN & DATE 
OBSERVATIONS 

0-EAST FROM S-90 
TO N-1100 

EAST 140 FROM S-90 
TO N-1100 

S-90 TO ROOM Q 
ALCOVES 

N-940 I N-780, 
N-620, N-460 
ALCOVES 

N-300, N-215 AND 
N-135 A.I.S AREA 

W-620 AND N-150 

WEST-170 BETWEEN 
S-90 AND N-150 

N-250 AND EAST 300 
MAINTENANCE SHOP 

ADDITIONAL 
INFORMATION 

INSPECTOR (PRINT NAME) =~~~~~~~~~~~--

SIGNATURE: 
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o~ 
UNDERGROUND OPENINGS INSPECTION SHEETS 

.DATE: ____________ _ 

WEEKLY: ____ _ MONTHLY: ___ _ ANNUAL: ___ _ 
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DRIFT INITIALS COMMENTS & ACTION TAKEN & DATE 
OBSERVATIONS 

N-1100 ROOM 4 TO 
ROOM D 

N-1400 ROOM 4 TO 
ROOM D 

ROOM D 

ALCOVES L-1, L-2, 
L-3, L-4, AND 
ROOM 4 

N-1400 ALCOVES 
EAST OF 0-EAST 

N-1100 ALCOVES 
WEST OF 0-EAST 

EAST-140 BETWEEN 
N-1100 AND N-1400 

0-EAST BETWEEN 
N-1100 AND N-1400 

G-ACCESS DRIF7 

ADDITIONAL 
INFORMATION 

INSPECTOR (PRINT NAME) : _________________________ __ 

SIGNATURE: 
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TAPE EXTENSOMETER 

CHECK CALlBRATlON SHEET 

CONTROLL:D CCPY 
ATTACHMENT 1 
WP 07-301, Rev. 
Page 1 of 1 

CALIBRATION RUN BY DATE -----

CALIBRATION CHKC. BY -------- DATE ------

TAPE EXTENSOMETER MANUFACTURER ----------------------
TAPE EXTENSOMETER S/N ________ w_1_P_P_CA_u_B_RA_TI_O_N_LA_l.;...;.;IC,;.;.._No;.;;.;_. _.._ __________ _ 

CALIBRATION FIXTURE SIN ________ w_1_,_,_CA __ u_B_RA_TI_o_N_LA_l.;...;.;ID,;.;. • ..;.N..;.o.;... ----------

CALIBRATION FIXTURE TEMPERATURE .i..1 °...:'1...:.--------------------------
READINGS 

TRIAL 
NUMBER 

TAPE DIAL llNCHES> SUM 

FEET INCHES INCHES 0.1 0.01 0.001 -, 
1 

3 

' I I 
5 I 

.. e . 

1 

8 

AVERAGE 

AVIRAGE FROM PRIVIOUS CAUBRATION 

CHANGE FROM PREVIOUS CAUBRATION 

ACCEPT 0 RIJ£CT 0 
COUMENTSANDCONCUJSIONS ______________________________________ __ 

Wf' tr.,. UIS: 1121111 ........ ' 

•·LAST RIPAIR 

e·THll CAUIRATION 

CHANGE SINCE LAST REPAIR 



l.TT.\CHMENT 2 
WP 07-303. ~ev. 1 
Page l of 1 

GIS INITIAL DATA SHEET 

GISIO ------------

FI!I.OTAG -------------

DAn --'--' -- DAn ----

INITDJ. READING ----------

FOR C'lPT' s ~ CHORD ----

FOR EXTN' s: ANCROR -- DEPTH -----

LOCATION --------------------------------------------

SKETCH OF INSTALLATION 

VD:W LQOmlG ----

IHSTlmMDIT TYPE ----------------

RJ:IJlIHG DEVXC!: ---------------

SEllD.L NtJMBEll ---------

CALIDATXCN Dt1E DATE -----

REAnIHG: 0 MAWll. OREMO'::!: 

COMMENTS ----------------------

Dl.11 REEIUCTICH BY ------------------- DU'E --'--' -
CBEo::EJ::> BY DU'E __ , __ ._, _. _ 

\ilhfW8 ·~ ,,,,., , ... ,.,, 

-
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TITLE: UNDERGROUND TRU MIXED WASTE DISPOSAL AREA 
INSPECTIONS 

ATTACHMENT 1 - U/G TRU Mixed Waste Disposal Areas Preoperational Inspection 

Page 1 of 1 

Sat Unsat (.I') Inspection Date ___ _ 

[] [] U/G Work Area Ground Control Inspection satisfactory in accordance with WP 04-
AU 1007, Underground Work Area Ground Control Inspections. 

[] [] Room ventilation greater than 25,000 scfm. 

[] [] Workplace is free of conditions that may adversely affect the safety or health of any 
employee. 

[] [] Unobstructed access to exposed face of emplaced waste containers/canister for 
emergency equipment. 

[] [] Area free of debris. 

[] [] No evidence of spills or leaks from containers/canisters. 

[] [] Mine Pager Phones Operational at HP Con Ex. 

[] [] U/G Phone System Operational. 

[] [] Warning Signs Posted in Area. 

Record the following in the Equipment/Area Logbook: 

Check satisfactory or unsatisfactory 

Identified deficiencies which were NOT corrected 

Outstanding/newly generated Action Requests 

Enter time and date, then sign the logbook to document last performance of inspection. 



VEHICLE SIREN 

See Ambulance, Fire Truck, and Rescue Truck 
for Weekly Inspection Form 
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DATE: 10/23/95 ***** C H A M P S ***** 
TIME: 11:27 A.M. Work Order Step/Text Master 
******************************************************************** 

Work Order : 9508150 Type : p 
Status 60 READY FOR SCHED 

Description: 41B700A 41F30703 QTG IT FLOW (RCRA) 

Priority 
Class 

6 SCORE - 60 ON RISK CHART 
4M6 

PLANNED 

Project 
Account 
Department 

Task Id 

P152501-0l 
FACOP 

Assigned To 
Contact 
Requested 
Requested 

: PROCTOL 
Date: 10/23/95 
Time: 0920 Requested 

IC041055 Reference 

Equipment 
Name 

: 41F30703 RCRA 
FLOW CONTROL 

Design Class: 
System 
Parent 

WOl 
41-B-700A 

Work Description 

Id IC041055 

Building : 413 
Floor : I 
Room : I oz... 

1 

EFF INT 

Ctfr 73~ 
************ Work Order Line Item ************ 

Step 001 Seq : 000 Status 60 READY FOR SCHEDULING 
Need Date : 11/06/95 Crew: Z4 Shift D Trade: ITECH 
Schedule Date: 
Department FACOP Notebook: 

Short Description: 41F700A 41F30703 QTG IT FLOW 

Long Description 
41F700A 41F30703 QTG IT FLOW 

Tagout/Lockout y No. 

Re le as e I D'a t e 

~ /(OG9 _(' 

Work Group Supv Release/Date 

/·~ /2 
Wb'rk Pes:.formed: 

'. ' 

'.' 

Man Hours: /,. v._. Craft Signature: $d~ 
WORK COMP/DATE OP~~ RETEST COMP/DATE 

OPS CANCELL,TION/DATE,)"' WORK COMP/DATE WGS 



IC041098 
Revision 1 

U/G Exhaust Mass Flow 
Measurement System 

Loops 41 F030703; 41 F030702 
(VU01) 

Maintenance Procedure 

EFFECTIVE DATE: t t f~ /q5 --11---"'-+-j ~-

If._ $.ft-1 .. ~ 
:;;;>SIGNATURE 

R. 8. Geisler 
PRINTED NAME 

APPROVED FOR USE 

DATE 

REVIEW ORGANIZATIONS 
Maintenance Operations Engineering Facility Operations 

ES&H Maintenance Engineering Q&RA 

NIA NIA NIA 

NIA NIA NIA 

NIA NIA NIA 

NIA NIA NIA 
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REVISION HISTORY 

REASON FOR REVISION 

Incorporate "lessons learned" from test performance: 

• Combine quarterly calibration check and annual calibration 
procedures (supersedes IC041055). 

• Increase "as found" and "as left" traverse series to 6 passes 
for higher precision. 

• Perform "as found" traverse series across full dynamic 
range to collect complete set of baseline data prior to 
cleaning probes. 

• Clean probes prior to full dynamic calibration. 

• Perform full dynamic calibration if quarterly check fails 
(optimization). 

• Increase traverse series for full dynamic calibration to 14 
passes according to the requirements of "Underground 
Ventilation Exhaust Flow Measurement System Accuracy 
and Reliability Report" (HA:93:0554), Gary A. Clark et al., 
8/13/93, p. 4. 

• Change calibration range to 212 to 260 KSCFM for full 
dynamic calibration over nominal operating range, according 
to the requirements of HA:93:0554, p. 4. 

Eliminate statistical analysis of reference traverse data sets. 
(This procedure originally calculated the random 
measurement error of the traverse series, rejecting any data 
sets with an estimated error of > 7% of reading. Actual 
testing has yielded data sets with errors significantly less 
than 7%, indicating that the random error is satisfactorily 
reduced by performance of repetitive traverses.) 

Provide detailed instructions for programming/operation of 
Kurz Model 155 ADAM Mass Flow Computerrrransmitter. 

• Perform pre-test Pitot tube cleaning and inspection. 

• Delete instructions for inoperable portions of control loop. 
(Instructions for testing automatic control functions will be 
incorporated when equipment is reactivated.) 

Prevent the use of two separate manometers to minimize 
systematic error. 

0 New procedure developed in response to ORR pre-start finding 
voe PROG - A.52.07. 
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INTRODUCTION 

This procedure performs a calibration verification test and alignment of the U/G 
Exhaust mass flow measurement system. 

This procedure satisfies the quarterly calibration check and annual full dynamic 
calibration for the U/G Exhaust mass flow measurement system required by 
the Conditional No Migration Determination (NMD) for DOE/WIPP. 

This procedure applies to the following equipment: 

41F030703 - U/G Exhaust Fan 41-8-700A Mass Flow 

• Mass Flow Computer/Transmitter 413-FIT-307-003 

• CMS Computer Point CH5729 ''700A FAN FAILED SENSOR" 

CMS Computer Point AH5712 "413 U/G EXH FAN 700A FLOW' 

41F030702 - U/G Exhaust Fan 41-8-7008 Mass Flow 

• Mass Flow Computer/Transmitter 413-FIT-307-002 

CMS Computer Point CH5730 "7008 FAN FAILED SENSOR" 

• CMS Computer Point AH5705 "413 U/G EXH FAN 7008 FLOW' 

REFERENCES 

BASELINE DOCUMENTS 

Procedures 

• WP 04-AD3011, Equipment Tagout/Lockout 

• WP 1 O-AD3005, Control and Use of Maintenance Locks 

• WP 1 O-WC3004, Preventive Maintenance Administration 

• WP 1 O-WC3007, Calibration Sticker Control 

• WP 12-1, WIPP Safety Manual 

• WP 12-110, Confined Space Entry Program 

• WP 12-HP3600, Radiological Work Permit 
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• WP 13-003, Control of Nonconforming Items 

Manufacturer's Operation and Maintenance Manuals 

• Kurz Series 155 Mass Flow Computerffransmitter User Guide 

Code of Federal Regulations 

• 40 CFR 60, Appendix A, Methods 1 and 2 

COMPLIANCE DOCUMENTS 

• Underground Ventilation Exhaust Flow Measurement System Accuracy and 
Reliability Report, 8/13/93 (HA:93:0554) 

EQUIPMENT LIST 

MEASURING AND TEST EQUIPMENT 

• Electronic manometer - Shortridge Airdata Multimeter Model ADM-870 or 
ADM-8420 with temperature probe with Dwyer Series 160 48" standard 
Pitot tube 

SPECIAL EQUIPMENT 

Airdata TEW-19 temperature extension wand 

Airdata TR C-16 tern perature probe extension cord 

Extension ladder 

Solution of water and mild detergent (Joy®, Ivory®, or similar) (required if 
sensor cleaning is performed) 

PRECAUTIONS AND LIMITATIONS 

An RWP may be required to perform this procedure (after waste receipt). 

Calibration shall be performed using a single micromanometer to minimize 
systematic error. 

Troubleshooting or other activities outside of the scope of this procedure MAY 
require initiation of an AR according to WP 1 O-WC3002, as determined by 
Work Group Supervisor or Zone Team Leader and cognizant Maintenance 
Engineer. 
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If contingencies arise outside of the scope of this procedure, or if any 
acceptance criteria cannot be met, workers shall notify the l&C Supervisor. 

Completed Sign-off Sheet and Data Sheet(s) are permanent QA records and 
shall be controlled and maintained according to WP 1 O-WC3004. 

Nonconformances shall be handled according to WP 13-003. 

PREREQUISITE ACTIONS 

NOTE 

Performance of the annual calibration satisfies the requirement for the 
quarterly calibration check. 

[] 1 . Record the following information (from check sheet) on Attachment 1: 

• Work order number 

• Loop number 

• Reason for test 

SIGN-OFF 

[] 2. Obtain equipment specified by equipment list. 

[] 3. Record M&TE data on Table 1, Attachment 1 and verify that all M&TE is 
within current calibration cycle. 

SIGN-OFF 

[] 4. Record RWP number on Attachment 1 and review radiological protection 
requirements (N/A if RWP not required). 

SIGN-OFF 

[] 5. Notify CMR Operator that procedure is to be performed. 

SIGN-OFF 

[] 6. Notify VOC Monitoring Group that procedure is to be performed. 

SIGN-OFF 
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[] 7. Obtain minimum of eighteen ( 18) copies of Attachment 2 and three (3) 
copies of Attachment 4. 

[] 8. Perform Pitot tube cleaning and inspect tube for: 

• Visible damage 

• Tip deformation 

• Clogging or obstruction of ports 

SIGN-OFF 

[] 9. Assemble Pitot tube and temperature probe as shown in Figure 1 and 
connect assembly to micromanometer. 

NOTE 

Temperature probe and Pitot tube are assembled such that the 
temperature sensor and total pressure sensing port intersect the same 
plane. Temperature probe must be insulated from Pitot tube to ensure 
correct temperature measurement. 

Figure 1. Pitot Tube/Temperature Probe Assembly 

T ~m::ie: :! t. ur e 
~..- ·:icj-=-

---------~--------~------

.--) 
( 

Tota I pressure 
~, port 

Tape 

Tape 

I 
~' 

~, 

[] 10. Mark insertion depths (from Data Block 1) on Pitot tube. 
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PERFORMANCE 

1. CHANNEL KICKOUT ALARM FUNCTIONAL TEST 

NOTE 

Mass Flow Computer/Transmitter (ADAM) 413-FIT-307-003 
(413-FIT-307-002) is located in Control Panel 413-CP-308-01A(B} in the 
Exhaust Filter Building (BLDG 413). 

[] 1. 1 Press "D" on front panel keypad of ADAM unit until display reads 
"AVG'D CHS ABCDEFGHIJKLMNOP" and press "H" to hold display. 

NOTE 

A missing character or"?" in the display identifies an inoperable sensor. 

[] 1.2 Verify a minimum of eight (8) flow sensors are operable. 

SIGN-OFF 

[] 1.3 Verify CMS Computer Point CH5729(CH5730) 700A(B) FAILED 
SENSOR is reset. 

SIGN-OFF 

[] 1.4 Unplug any operable sensor at ADAM unit motherboard. 

[] 1.5 Verify CMS Computer Point CH5729(CH5730) alarms. 

SIGN-OFF 

[] 1.6 Verify ADAM unit display reads "CHANNEL X TOO HIGH (or LOW) 
REMOVED FROM AVG" and correctly identifies the failed sensor 
channel. 

SIGN-OFF 

[] 1. 7 Reconnect sensor at ADAM unit motherboard. 

[] 1.8 Verify CMS Computer Point CH5729(q-15730) resets. 

SIGN-OFF 
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2. AS FOUND PITOT TRAVERSE SERIES 

NOTE 

Section 2 performs six (6) Pitot traverses each at flow rates of 
212 KSCFM, 236 KSCFM, and 260 KSCFM. Specified flowrates are 
nominal values, and may vary ± 10% without affecting test results. 

[] 2.1 Facility Operator, establish the required flowrate at the associated 
U/G exhaust fan. 

[] 2.2 Allow flow to stabilize before performing traverse. 

[] 2.3 Reset ADAM unit totalizers as follows: 

[] 2.3.1 Press "C" several times to return to EXECUTIVE mode. 

[] 2.3.2 Press "P" (display reads "ENTER ACCESS CODE:"). 

[] 2.3.3 Key in "123456" and press "E" (display reads "PRESS ENTER 
TO RESET TOTALIZERS"). 

[] 2.3.4 Press "E" (display reads "ARE YOU SURE?"). 

[] 2.3.5 Press "YES" to reset totalizers. 

[] 2.3.6 Press "C" several times to return to EXECUTIVE mode. 

[] 2.3.7 Press "D" until display reads: 

TOTAL = XXX.X MSCF 
ET= XX.X MIN 

[] 2.3.8 Press "H" to hold display. 
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NOTE 

Pitot traverse measures mass flow directly by using Airdata Multimeter 
in the "STANDARD DENSITY" mode. 

Figure 2. Orientation of U/G Exhaust Fan Traverse Penetrations 

c D 

A F 

-- E 

DIRECTION OF 
FLOW 

[] 2.4 Perform six (6) traverses at selected flow rate according to Data 
Block 1 A, observing penetration orientation shown in Figure 2. 

[] 2.5 Record ADAM unit total flow (KURZrorAL) and elapsed time readings 
on Data Block 3. 

[] 2.6 Calculate average velocity (V AVG) for each of the 6 traverses and 
record on Data Block 2. 

[] 2.7 Calculate CMS average flow (CMSAvG) for each of the 6 traverses 
and record on Data Block 4. 

[] 2.8 Calculate reference method flow (QRM) as shown on Data Block 2. 

[] 2.9 Calculate Kurz average flow (KURZAvG) as shown on Data Block 3. 

[] 2.1 O Calculate relative percent difference (RPO) between KURZAvG and 
QRM as shown on Data Block 3. 

[] 2.11 Calculate CMS average flow (CMSAvG) as shown on Data Block 4. 

[] 2.12 Calculate RPO between CMSAVG and QRM as shown on Data Block 4. 

[] 2.13 Repeat Steps 2.1 through 2.13 as required to complete 6 traverses 
each at 236,000 and 260,000 SCFM. 
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[] 2.14 IF any as found values are not acceptable, 
THEN notify the following of the out-of-tolerance condition: 

• FSM 

• WGS 

• VOC Monitoring Group 

[] 2.15 IF this procedure is being performed to satisfy the annual calibration, 
THEN GO TO Section 3, PROBE CLEANING. 

[] 2.16 IF all as found values are acceptable, 
THEN GO TO Section 6, RESTORATION. 

3. PROBE CLEANING 

WARNING 

Interior of duct work at U/G exhaust fans may be contaminated (after 
waste receipt). Workers shall conduct all activities inside duct 
according to the RWP requirements (if applicabl'e). 

Duct work at U/G exhaust fans is a NON-PERMIT CONFINED 
SPACE. Entry shall be performed according to the requirements of 
WP 12-110. 

Workers shall notify Industrial Safety and Facility Operations shall lock 
out the associated U/G exhaust fan prior to entering duct. 

[] 3.1 Notify Industrial Safety that entry is to be performed at U/G exhaust 
fan duct work. 

SIGN-OFF 

[] 3.2 Facility Operator, tagout/lockout the associated U/G exhaust fan. 
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NOTE 

Tagout/lockout information is provided as a minimum recommendation 
only. The Authorizing Supervisor shall verify and authorize the tagout 
configuration according to the requirements of WP 04-AD3011. 

Table 1. Minimum Tagout/Lockout Recommendations 

Equipment No. Description Feed From Location 

41-B-700A Exhaust Fan 41 P-DP03/29 EFB (BLDG 413) 

41-B-700B Exhaust Fan 41 P-DP03/29 EFB (BLDG 413) 

[] 3.3 Verify tagout is in place. 

SIGN-OFF 

[] 3.4 Place maintenance lock(s) on multiple locking device(s). 

SIGN-OFF 

NOTE 

Steps 3.5 and 3.6 may be performed concurrently with Facility 
Operations verification of tagout. 

[] 3.5 Facility Operator, attempt to start the associated U/G exhaust fan. 

[] 3.6 Maintenance Technician, verify that the associated U/G exhaust fan 
will not start. 

SIGN-OFF 

[] 3. 7 All personnel entering confined space signify acceptance of 
tagout/lockout on Attachment 1. 

SIGN-OFF 

[] 3.8 De-energize ADAM unit and unplug AC line cord. 

SIGN-OFF 

[] 3.9 Attach "MAINTENANCE IN PROGRESS" tag to AC line cord. 

-
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[] 3.1 O Clean sensors as required with solution of water and mild detergent 
(Joy®, Ivory®, or similar). 

[] 3.11 Verify all personnel have exited confined space and all equipment has 
been removed. 

SIGN-OFF 

[] 3.12 Secure duct entry hatch. 

SIGN-OFF 

[] 3.13 Remove maintenance locks and request clearance for U/G exhaust 
fan tagout. 

[] 3.14 Reconnect AC line cord and energize ADAM unit. 

[] 3.15 Verify CMS Computer Point CH5729(CH5730) is reset. 

SIGN-OFF 

4. FULL DYNAMIC CALIBRATION 

[] 4.1 Obtain a minimum of eighteen (18) copies of Attachment 2, forty-two 

[] 

[] 

[] 

[] 

[] 

(42) copies of Attachment 3, three (3) copies of Attachment 4, and 
three (3) copies of Attachment 5. 

NOTE 

Section 4 performs fourteen ( 14) Pitot traverses each at flow rates of 
212 KSCFM, 236 KSCFM, and 260 KSCFM. Specified flowrates are 
nominal values, and may vary ± 10% without affecting test results. 

4.2 Facility Operator, establish the required flow at the associated U/G 
exhaust fan. 

4.3 Allow flow to stabilize before performing traverse. 

4.4 Perform fourteen ( 14) traverses at selected flow rate according to 
Data Block 1 B, recording the sensor velocities after each traverse. 

4.5 Calculate average velocity (V AVG) for each traverse and record on 
Data Block 5. 

4.6 Calculate data set reference method velocity (V RM) as shown on Data 
Block 5. 
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[] 4.7 Record sensor velocities for Traverse 1 through 14 on Data Block 6. 

[] 4.8 Calculate data set velocity (V 05) for each operable sensor A through P 
as shown on Data Block 6. 

[] 4.9 Repeat Steps 4.2 through 4.9 as required to complete data sets at 
236,000 and 260,000 SCFM. 

[] 4.1 O Record reference method velocity (V RM) and sensor data set velocities 
(V 05) for each reference data set on Data Block 7. 

[] 4.11 Re-program ADAM unit with the new values as follows: 

[] 4. 11.1 Press "C" several times to return to EXECUTIVE mode. 

[] 4.11.2 Press "P" (display reads "ENTER ACCESS CODE:"). 

[] 4.11.3 Key in "123456" and press "E". 

[] 4.11.4 Press "P" until display reads "PRESS ENTER TO SET METER 
DATA". 

[] 4.11.5 Press "E" (display reads "PRESS ENTER TO SET METER 1 ). 

[] 4.11.6 Press "E" (display reads "ENTER METER ID"). 

[] 4. 11. 7 Press "E" as required to step through menu and verify following 
settings: 

METER ID = 700A(B) DUCT 1 

(NEXT "v) 

METER TYPE = INSERTION FLOW 

(NEXT "v) 

• FLOW= SCFM 

INCLUDE CH ABCDEFGHIJKLMNOP ("YES" FOR EACH 
CHANNEL) 

• FLOW AREA = 78.54 SQ FT 

• CF TYPE = CCF 

• BCF = 1 

• NUMBER OF RM DATA SETS= 3 
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[] 4.11.8 When display reads "ENTER RM DATA SET 1 ", press "E" to 
enter REFERENCE METHOD VELOCITY for DATA SET 1 
(display reads "ENTER VRM 1". 

[] 4.11.9 Key in value for the REFERENCE METHOD VELOCITY (VRM) 

[] 

[] 

[] 

[] 

· for DATA SET 1 and press "E" (display reads "ENTER V0 s 1 CH 
A"). 

4.11.10 

4.11.11 

4.11.12 

4.11.13 

Key in value for the DATA SET VELOCITY (V0 s) for 
SENSOR A from DATA SET 1 and press "E" (display 
reads "ENTER V0s 1 CH B"). Repeat for channels B 
through P. 

When last sensor DATA SET VELOCITY is successfully 
entered, display reads "C.F. #1 = X.XXX AT XXX.XX 
SFPM". 

Repeat procedure for DATA SETS 2 and 3. 

When last DATA SET VELOCITY is successfully entered, 
press "C" several times to exit PROGRAM mode. 

[] 4.12 Verify ADAM unit re-programming completed. 

SIGN-OFF 

5. AS LEFT PITOT TRAVERSE SERIES 

NOTE 

Section 5 performs six (6) Pitot traverses each at flow rates of 
212 KSCFM, 236 KSCFM, and 260 KSCFM. Specified flowrates are 
nominal values, and may vary ± 10% without affecting test results. 

[] 5.1 Facility Operator, establish the required flowrate at the associated 
U/G exhaust fan. 

[] 5.2 Allow flow to stabilize before performing traverse. 

[] 5.3 Reset ADAM unit totalizers as follows: 

[] 5.3.1 Press "C" several times to return to EXECUTIVE mode. 

[] 5.3.2 Press "P" (display reads "ENTER ACCESS CODE:"). 
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[] 5.3.3 Key in "123456" and press "E" (display reads "PRESS ENTER 
TO RESET TOTALIZERS"). 

[] 5.3.4 Press "E" (display reads "ARE YOU SURE?"). 

[] 5.3.5 Press ''YES" to reset totalizers. 

[] 5.3.6 Press "C" several times to return to EXECUTIVE mode. 

[] 5.3.7 Press "D" until display reads: 

TOTAL = XXX.X MSCF 
ET= XX.X MIN 

[] 5.3.8 Press "H" to hold display. 

[] 5.4 Perform six (6) traverses at selected flow rate according to Data 
Block 1A. 

[] 5.5 Record Kurz total flow (KURZTOTAL) and elapsed time readings on 
Data Block 3. 

[] 5.6 Calculate average velocity (V AVG) for each of the 6 traverses and 
record on Data Block 2. 

[] 5.7 Calculate CMS average flow (CMSAvG) for each of the 6 traverses 
and record on Data Block 4. 

[] 5.8 Calculate reference method flow (QRM) as shown on Data Block 2. 

[] 5.9 Calculate Kurz average flow (KURZAvG) as shown on Data Block 3. 

[] 5.1 O Calculate relative percent difference (RPO) between KURZAvG and 
QRM as shown on Data Block 3. 

[] 5.11 Calculate CMS average flow (CMSAvG) as shown on Data Block 4. 

[] 5.12 Calculate RPO between CMSAvG and QRM as shown on Data Block 4. 

[] 5.13 Repeat Steps 5.1 through 5.13 to complete 6 traverses each at 
236,000 and 260,000 SCFM. 
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[] 5.14 IF all as left values are not acceptable, 
THEN notify the following of the out-of-tolerance condition: 

• FSM 

• WGS 

VOe Monitoring Group 

6. RESTORATION 

[] 6.1 Replace all plugs in traverse penetrations. 

SIGN-OFF 

[] 6.2 Apply calibration sticker per WP 1 O-We3007. 

[] 6.3 Notify eMR Operator that procedure is completed. 

SIGN-OFF 

[] 6.4 Notify voe Monitoring Group that procedure is completed. 

SIGN-OFF 

7. RETEST 

None 
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Attachment 1 - Sign-off Sheet 

PREREQUISITE ACTIONS 

Step No. Action Initials 

1 Work Order No.: 
Loop No.: 

Reason for Test: 
0 Quarterly Calibration Check 
0 Annual Calibration 
0 Other (specify): 

3 M& TE verified 

4 Reviewed RWP (N/A if RWP not required) 
RWP No.: 

5 CMR Operator notified 

6 VOC Monitoring Group notified 

8 Pitot tube cleaning and inspection completed 

Table 1. M&TE Data 

Description ID Number Cal Due Date 

Airdata Multimeter 

PERFORMANCE 

Step No. Action Initials 

1.2 Verified minimum of eight (8) flow sensors operable 

1.3 CMS Computer Point CH5729(CH5730) is reset 

1.5 CMS Computer Point CH5729(CH5730) alarms 

1.6 Failed sensor channel identified by ADAM unit 

1.8 CMS Computer Point CH5729(CH5730) is reset 

3.1 Industrial Safety notified (NIA if probe cleaning not 
required) 

Page 1 of 2 
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Attachment 1 - Sign-off Sheet 

PERFORMANCE 

Step No. Action Initials 

3.3 Tagout verified (N/A if probe cleaning not required) 
U/G Exhaust Fan: D 700A D 7008 

3.4 Maintenance locks in place (N/A if probe cleaning not 
required) 

3.6 Verified associated U/G exhaust fan will not start (N/A 
if probe cleaning not required) 
U/G Exhaust Fan: D 700A D 7008 

3.7 TagouUlockout accepted (N/A if probe cleaning not 
required) 

3.8 ADAM unit de-energized; AC line cord unplugged 
(N/A if probe cleaning not required) 

3.11 All personnel have exited confined space and all 
equipment has been removed (NIA if probe cleaning 
not required) 

3.12 Duct entry hatch secured (N/A if probe cleaning not 
required) 

3.15 CMS Computer Point CH5729(CH5730) is reset (N/A 
probe cleaning not required) 

4.12 ADAM unit programming completed (N/A if 
programming not required) 

6.1 All plugs replaced in traverse penetrations 

6.3 CMR Operator notified 

6.4 VOC Monitoring Group notified 

Printed Name Signature Date Initials 

Page 2 of 2 
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Attachment 2 - As Found/As Left Traverse Data Sheet 

Traverse No. -- D As Found D As Left Nominal Flow Rate ___ KSCFM 

Data Block 1 A. Traverse Data 

Depth A B c D E F 
inches SFM SFM SFM SFM SFM SFM 

2.50 

8.00 

14.00 

21.25 

30.00 

42.75 

CMS Flow 

VAVG CMS AVG 

Date/Time Performed By ~VELOCITIES ~FLOWS 
36 6 

Page 1 of 1 



I 1co4109a Rev. 1 Page 21 of 241 

Attachment 3 - Full Dynamic Calibration Traverse Data Sheet 

Traverse No. -- Data Set -- Nominal Flow Rate KSCFM ---

Data Block 1 B. Traverse Data 

Depth A B c D E F 
inches SFM SFM SFM SFM SFM SFM 

2.50 

8.00 

14.00 

21.25 

30.00 

42.75 

VAVG 

Date/Time Performed By I.VELOCITIES 
36 

Sensor Velocities 

Sensor A Sensor B Sensor C Sensor D 

Sensor E Sensor F Sensor G Sensor H 

Sensor I Sensor J Sensor K Sensor L 

Sensor M Sensor N Sensor 0 Sensor P 

Page 1 of 1 
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Attachment 4 - Acceptance Criteria Calculation Sheet 

D As Found D As Left Nominal Flow Rate ___ KSCFM 

Data Block 2. Reference Method Flow 

Traverse 1 Traverse 2 Traverse 3 Traverse 4 Traverse 5 Traverse 6 
VAvr-. VAVG VAVG VA""' VAvr-. VAvr-. 

Ref Method Flow (QRM) 

QRM = ( E TRAVERSE AVERAGES+ 6) x 78.5398 ft2 SCFM 

Data Block 3. Kurz Flow 

KURZTOTAL Elapsed Time 
SCF MINUTES 

KURZAVG = 
KURZ TOTAL KURZAVG 

ELAPSED TIME 
SCFM 

Relative Percent Difference 
KURZAVG - ORM ACCEPTANCE CRITERIA ±5% 

RPD = x 100 
QRM 

I I 
Data Block 4. CMS Flow 

Traverse 1 Traverse 2 Traverse 3 Traverse 4 Traverse 5 Traverse 6 
CMSAvr-. CMS._,,, CMS",,... CMSrn,.. CMS,,\,,., CMSA\/I".: 

CMS AVG 
L CMS TRAVERSE AVERAGES SCFM 

CMSAVG = 
6 

Relative Percent Difference 
CMSAVG - QRM ACCEPTANCE CRITERIA ±5% 

RPD = x 100 
QRM 

I I 
Page 1 of 1 
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Attachment 5 - Data Set Calculation Sheet Data Set -- Nominal Flow Rate KSCFM 

Data Block 5. Reference Method Velocity (VRM) 

Traverse 1 Traverse 2 Traverse 3 Traverse 4 Traverse 5 Traverse 6 Traverse 7 Traverse 8 Traverse 9 Traverse 10 Traverse 1 Traverse 12 Traverse 13 Traverse 14 
VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG VAVG 

VRM =TOTAL OF ALL AVERAGES + 14 Ref Method Velocity (VRM) I I 
Data Block 6. Data Set Velocities (V05) 

Traverse A B c D E F G H I J K L M N 0 p 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TOTAL 

Data Set Velocities (V05) 

A B c D E F G H I J K L M N 0 p 
{SENSOR 

VELOCmEs DDDDI IDDDDDDDDI II ID --,4-

Page 1 of 1 
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Attachment 6 - ADAM Unit Programming Data 

Data Block 7. Programming Data 

Reference Data Set Velocities (V 05) 
Data Method 

Set Velocity 
VRM 

A u c D E F G H I J K L M N 0 p 

1 

2 

3 

~ge 1 of 1 
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ATTACHMENT l 

( ] 

( ] 

( ] 

( ] 

( ] 

( ] 

( ] 

( ] 

( ] 

1. 0 

2.0 

3.0 

4.0 

s.o 

6.0 

7.0 

s.o 

9.0 

Paqe~l of l 

Brudi Push/Pull Preoperational Checks 

Review the Equipment Logbook for outstanding 
deficiencies and/or PWRs. 

Verify the Load Test Due Date, located on the Brass 
Tag, has NOT passed. 
lZ the Load Test Due Date is within 30 days of the 
current date, record the Load Test Due and the Due 
Date in the Equipment Loqbook. 

Verify mechanical connections have NO evidence of 
wear or deterioration. 

Verify hydraulic system has no apparent wear/leakaqe 
from hoses, connections, valves, or cylinders. 

Verify the Platen is free from nicks or rough spots 

Clean surfaces with a broom to reduce friction. 

Cycle each control to verify proper movement. 

Initiate PWRs to address any deficiencies that CANNOT 
be corrected by Waste Operations. 

Notify the WHS of any deficiencies·discovered durinq 
the preoperational checks and their status (such as 
deficiencies corrected and/or PWRs qenerated). 

10.0 Record the following in the Equipment Logbook: 

( ] 

( ] 

[ ] 

10.l 

10.2 

10.3 

Checks satisfactory or unsatisfactory. 

Identified deficiencies NOT corrected. 

Outstanding/newly qenerated PWRs. 

(] 11.0 Enter the time and date, then sign the Equipment 

. ~ .. 

Logbook to document the performance of the 
Preoperational Checks. 

.... , ' .. . - --
CONTROLLED COPY 
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WASTE ISOLATION PILOT PLANT 
WASTE HANDLING OPERATIONS 
NON-CSR/SAIL 3 

PAGE ll of 13 
WP OS-WH1405 

Rev. o 
TITLE: TRAILER JOCKEYS 75-W-012 & ~l-H-030 

ATTACHMENT l Paqe l of 3 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 

( ] 

[ ] 

[J 

( ] 

[] 

() 

l. 0 

2.0 

Trailer Jockey Preoperational Checks 

Review the Equipment Loqbook for outstandinq 
deficiencies and PWRs. 

Record Hour Meter readinq in the Equipment Logbook. 

3.0 Raise the cab and check the followinq: 

• 
• 
• 
• 
• 

Engine Oil Level: Normal ranqe 

Power Steering Fluid Level: Cold ranqe 

Radiator Coolant: Visible in upper-tank 

Belts: Not loose, worn or cracked 

Transmission Oil Level (cold): Above hiqh 
mark 

4.0 Lower and lock the cab. 

s.o Check the followinq: 

• 
• 

• 
• 

• 

• 

• 
• 

.. ·~ ............... ... 
- ... 

Fifth Wheel: Clean and qreased 

General Condition: No damage, loose parts, 
oil leaks, qrease, oil or trash 

Seat Belts: In qood condition 

Tires: In qood condition, inflated to proper 
pressure, NOT excessively worn or cracked, 
all wheel luqs tight 

Hydraulic Oil Tank Level: Normal ranqe in 
siqhtglass 

Battery: Free from acid spills, no loose or 
missing caps or cables 

Fuel: Sufficient for intended operation 

Pedals and levers: Not loose or sticking 

CONTROLLED COPY 
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Trailer Jockey Preoperational Checks (Continued) 

[ ] 

[ ] 

[ ] 

[) 

[ ] 

[ ] 

[ ) 

[ ] 

[ ] 

[ ] 

[ ) 

( ] 

( ] 

[ ) 

[ ] 

[) 

[] 

[] 

6.0 

7.0 

• 

start the engine and check the following: 

• 
• 
• 
• 
• 
• 
• 
• 

Engine Oil Press: Normal 

Water Temp: Normal 

Transmission Oil Press: Normal 

Transmission Oil Temp: Normal 

Voltage: 13-14 volts 

Air Press: 90-120 psig 

Horn: Sounds 

Driving lights: Illuminate 

Test the following PTO Functions: 

7.l 

7.2 

7.3 

7.4 

7.S 

Fifth Wheel Engage 

Fifth Wheel Raise 

Fifth Wheel Lower 

Fifth Wheel Disengage 

CAUTIOll 

This caution applies to Step 7.5. 00 NOT 
release the parking brake or attempt to 
move the machine with air press < 60 psiq. 

With the parking brake applied, verify the 
truck does NOT move after shifting into gear. 

7.6 Move the truck in forward and reverse and 
test the following: 

7.6.l 

7.6.2 

7.6.3 

Steering operates smoothly and does 
NOT pull. 

Service Brakes are in good condition 
and do NOT draq. 

Backup Alarm sounds. 

r:~~~:; ~-, ~.-.. .-~~·'.- .i ' 

.~- ~. ·--· 00 .. CONTROLLED COPY 
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Trailer Jockey Preoperational Checks (Continued) 

(] s.o Initiate PWRs to address any deficiencies which 
cannot be corrected by Waste Operations. 

[] 9.0 Notify the WHS of deficiencies discovered durinq 
checks, and the status (corrected, PWR generated, 
etc.) . 

[] 10.0 Record the following in the Equipment Logbook: 

[ ] 

[ ] 

[ ] 

[ ] 

[ ] 11. 0 

10.l 

10.2 

10.3 

10.4 

Check satisfactory or unsatisfactory. 

Addition of oil, water or other fluids and 
amount added. -

Identified deficiencies which were NOT 
corrected. 

Outstanding/newly generated PWRs. 

Enter the time and date, then sign the Equipment 
Logbook to document the last performance of the 
Preoperational Checks. 

[~f eFR[Dr lL'.Et CD?~' ---
... - ........ 

, . ~." . .. ... CONTROLLED COPY 



WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY AND PROCESS INFORMATION 

CHAPTERG 

GENERAL COMMENTS 

1. The procedures addressed in the Chapter G Contingency Plan emergency response 
procedures are inconsistently described. For example, page G-3, lines 25-27 implies that 
there is only one Contingency Plan that addresses all emergency incidents at the facility. 
Page G-1, line 24, however, states that only emergencies involving hazardous waste or 
hazardous waste constituents are addressed by the Plan. Page G-2, line 34 states that 
hazardous substances and hazardous materials are addressed in addition to hazardous 
wastes. Page G-3 line 7 further states that petroleum products are not covered by the 
Contingency Plan. Revise the Contingency Plan to provide a clear, concise, and 
comprehensive list of all materials that are addressed by the Contingency Plan. For each 
item, identify where the material is used and stored, and the approximate quantity of the 
material that may be on hand at the facility. For materials that are not included, identify 
the specific emergency response document that addressed those materials (e.g., a Spill 
Prevention Control and Countermeasures {SPCC) Plan for petroleum products, etc.). 

RESPONSE: 

The inconsistency noted on page G-1, line 24, has been corrected to include hazardous 
materials and hazardous constituents. This Contingency Plan is the only one on site, but there 
is also an Emergency Plan in force, addressing other incidents not covered by this Plan. The 
WIPP facility also maintains a Spill Prevention Control and Countermeasures Plan that covers 
large spills of petroleum products. Other inconsistencies have been corrected through extensive 
revisions. 

The WIPP facility maintains a list of all hazardous materials used on site. The RCRA Emergency 
Coordinator has access to this list and the associated MSDSs at all times. The NMED may 
inspect the list and the MSDSs at the site at any time. 

Revised text throughout the Contingency Plan addresses this comment. 

* * * * * 

2. The Contingency Plan is unacceptably vague in its descriptions of procedures to respond 
to emergencies at the facility. Specific control procedures are required to be provided 
in accordance with 20 NMAC 4.1, Subpart V, §264.52(a). Page G-1, lines 25-27 states 
that the plan addresses emergencies related to both contact-handled, remote-handled, 
and non-radioactive hazardous wastes. The Contingency Plan, however, only provides 
generic response procedures that apparently apply uniformly to these waste types. Since 
clearly different procedures would be required to manage these different waste types, 
Chapter G must be revised extensively to address specific hazards related to specific 
waste types (i.e., contact-handled, remote-handled, and non-radioactive). Additionally, 
Chapter G must be revised in its entirety to reflect the fact that it addresses non-waste 
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materials as well as stated on page G-2, line 34. As currently written, the plan focuses 
almost exclusively on wastes managed at the facility. Revise the permit application to 
address these issues. 

RESPONSE: 

20 NMAC 4.1, Subpart V, §264.52(a) requires descriptions of the actions of facility personnel. 
Revisions resulting from this set of comments more clearly describe the actions to be taken in 
response to the stated incidents. These revisions also address the minor differences in actions 
dealing with CH, RH, and non-radioactive hazardous wastes (waste constituents, hazardous 
materials, hazardous constituents). 

* * * * * 

3. Implementation of the Contingency Plan is poorly described throughout Chapter G. For 
example, page G-1, lines 31-35, state that the Plan will not be implemented when in
house resources are sufficient to control an emergency that doesn't threaten human 
health or the environment. The definition of "sufficient" is never defined, nor is there a 
clear indication of what will be considered to be a "threat" to human health or the 
environment. Page G-8, lines 8-13, however, state that the Contingency Plan will only 
be implemented if an emergency event requires notification of off-site public agencies, 
if the spill exceeds secondary containment, or the spill exceeds CERCLA reportable 
quantities. These criteria are clearly inadequate, since these three items do not include 
the spectrum of emergency incidents that could occur. Revise Chapter G to clearly 
identify the specific criteria that will be used to determine when the Contingency Plan will 
or will not be implemented, as required by 20 NMAC 4.1, Subpart V, §264.51(b). Refer 
to Specific Comment Nos. 17, 22, and 45. 

RESPONSE: 

The Plan has been revised to define the criteria to be used in implementing the Contingency 
Plan, summarized in Table G-3. That criteria is based on nationally accepted standards 
(National Fire Protection Association [NFPA]) including categorizing potential "threat" to human 
health and the environment. 

See the responses to specific comment Nos. 2, 17, 22, and 45 for text revisions. 

* * * * * 

4. The permit application offers no clear understanding of where contingency response 
support activities will take place at the WI PP facility. Page G-2, lines 22-27 briefly 
identifies a few of the support areas that will be used in the event of Contingency Plan 
implementation. Other areas are mentioned throughout Chapter G but are not 
adequately discussed or described. Chapter G must be revised to clearly identify where 
all emergency response equipment is located at the facility, where all other support 
buildings areas are located, and what specific activities may take place at each of these 
other support buildings or areas. Revise the permit application accordingly. Refer to 
Specific Comment No. 45. 
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RESPONSE: 

The support facility descriptions have been enhanced to provide the reader with a better view 
of capabilities and equipment locations. The figures have been expanded and clarified for this 
purpose. 

*. * * * 

5. Use of the Crisis Manager and his/her Emergency Management Team is not adequately 
discussed in the Contingency Plan. In fact, the Crisis Manager is not even mentioned 
until page G-8, and then is only briefly discussed. The Contingency Plan must be 
significantly revised to describe when and why the Crisis Manager will take command of 
an emergency incident, and the specific procedures that the Crisis Manager will use to 
control emergencies. Revise the permit application accordingly. Also, refer to Specific 
Comment Nos. 16 and 18. 

RESPONSE: 

Description of the Emergency Management Team (EMn functions have been added and clarified 
in the text. Whenever the Contingency Plan is implemented and the Emergency Operations 
Center (EOC) is activated, the Crisis Manager and the EOC Crisis Team serve strictly in a 
support role to the RCRA Emergency Coordinator, who retains responsibility for responding to 
the incident even if the EOC is activated. The Crisis Manager role has been clarified. 

See text changes associated with responses to comments 16 and 18. 
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WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY AND PROCESS INFORMATION 

CHAPTERG 

SPECIFIC COMMENTS 

1. Chapter G, Introduction, Page G-1, Lines 12-14. 

The description of the types of wastes that may be shipped to WIPP is vague, fails to 
identify major waste categories, and is generally inconsistent with the waste descriptions 
in Chapter C. At a minimum, the four Waste Summary Categories from Chapter C should 
be incorporated into Chapter G. Additionally, some indication of the types of 
contaminants that may be present in the wastes (i.e., some tie-in to the waste codes in 
the Part A application) should be briefly presented in Chapter G. Revise the Contingency 
Plan section of the permit application to be consistent with the waste description 
information in Chapter A and Chapter C. 

RESPONSE: 

Information similar to that added to Chapter B has been added to Section G-1 General 
Information, except for the waste codes. Other sections have been greatly revised to explain 
where the emergency response personnel have access to all necessary information to properly 
respond to any incident, whether from TRU mixed wastes or from other hazardous constituents 
on site. 

Text revised. 

• * * * * 

2. Chapter G, Introduction, Page G-1, Lines 30-35. 

Identify the specific criteria (e.g., specific size of spill, size or intensity of fire, size of 
explosion, radiation level reading, underground geomechanical instrument reading, 
explosive gas meter reading, etc.) that will be used to determine if WIPP facility 
resources are adequate to address the specific incident such that implementation of the 
Contingency Plan will or will not be necessary. Identify the specific criteria that will be 
used to determine what constitutes a "threat" to human health and the environment such 
that the Contingency Plan will be implemented. Revise Chapter G to provide clear 
criteria for implementing the Contingency Plan to demonstrate compliance with 20 NMAC 
4.1, Subpart V, §264.51 (b). 
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RESPONSE: 

Specific steps required to make the decision to implement this Contingency Plan have been 
added to Section G-3. Each incident must be evaluated by the RCRA Emergency Coordinator. 
He will implement the Contingency Plan based on the severity of the incident. 

* * * * * 

3. Chapter G, Section G-1, General Information, Pages G-2 through G-3. 

Revise the General Information Section G-1 to provide the reader an understanding of 
the magnitude of operations at the facility. This is especially important for off-sit9 
emergency organizations that may respond to emergencies at the WIPP facility. Provide 
a clear and concise description of the units that require RCRA permitting. Provide a 
discussion of facility operations which should include identifying hours of operation (e.g., 
24-hours per day for 7 days per week, or reduced schedule for major waste management 
activities). Provide a brief summary of typical daily waste throughput (i.e., typical waste 
volumes arriving at the facility, in storage, awaiting emplacement). Provide a discussion 
of the maximum quantity of other types of hazardous materials at the facility that are 
covered under the Contingency Plan. Revise the permit application to address these 
concerns. 

RESPONSE: 

Section G-1 was revised to add the requested magnitude of operations information. The units 
being permitted are described generally. Facility operations have also been added. Other types 
of hazardous materials used in small quantities at many places on site are not quantified since 
they do not occur in sufficient quantities to merit implementation of the Contingency Plan. As 
stated in other comment responses, the RCRA Emergency Coordinator has access to the 
necessary information whenever needed. 

Text revised. 

* * * * * 

4. Chapter G, Section G-1, General Information, Page G-3, Lines 11-14. 

The sentence on lines 11-14 is incomplete (it lacks a subject noun). Revise the permit 
application to clarify the intent of the sentence. 

RESPONSE: 

The sentence was constructed in parallel with the first sentence, providing another definition. 
Both definitions have been deleted. 

Deleted the surrounding text. 

* * * * * 
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5. Chapter G, Section G-2, Incident Response Personnel, Section G-2a, Emergency 
Coordinators, Page G-4, Lines 1-3. 

The description of the person assigned as the Emergency Coordinator lacks the detail 
that is provided elsewhere in Chapter G. Since Section G-2a specifically covers 
identification of the Emergency Coordinators, in accordance with 20 NMAC 4.1, Subpart 
V, §264.55, revise this section to state that the primary Emergency Coordinator will be 
the Facility Shift Manager on duty (i.e., repeat the information on page G-7, lines 6-10). 

There is no discussion of the individuals that have been selected as the alternate 
Emergency Coordinators as required by 20 NMAC 4.1, Subpart V, §264.52(d). Revise 
the permit application to indicate whether there is a specific job title that will serve as the 
alternate emergency coordinator for each daily shift. List the alternate emergency 
coordinators in the order in which they will assume responsibility as alternates. 

RESPONSE: 

The text was revised to identify the primary RCRA Emergency Coordinator as the on duty FSM. 
Table G-2 (formerly G-1) lists the alternate RCRA Emergency Coordinators and that list is kept 
up-to-date as required. Table G-2 also states in the footnotes who the qualified alternates are. 
Because there is a rotation of duty shifts among the FSMs and the alternates, names are not 
identified as to which shift they work. 

Text was added to clarify the identity of the Emergency Coordinator and Table G-1 was 
renumbered and updated. 

* * • * * 

6. Chapter G, Section G-2, Incident Response Per.ionnel, Section G-2b, Other 
Emergency Incident Personnel, Page G-4, Lines 29-30. 

The description of the Emergency Services Technician (EST) duties must be expanded, 
and the permit application must be revised to address this concern. Indicate whether the 
EST is selected from among the emergency response team members will address the 
incident when it occurs, or whether the EST is a pre-designated individual. Explain how 
the EST fits into the chain of command. Identify the personnel who the EST is in charge 
of and who the EST directly reports to during an emergency incident. In addition, explain 
how the EST's duties differ from those of the Emergency Services Coordinator identified 
on page H2-37 in Appendix H2. It appears that the Emergency Services Coordinator is 
responsible for directing emergency control teams. Revise Chapters G and H to clearly 
identify the emergency response duties of all personnel involved in responding to 
emergency incidents at the facility. 

The information in Appendix F1 under "Spill Control Equipment" provides a copy of a 
Hazardous Material Incident Report. This form implies that the EST on duty has 
responsibility for managing the incident, rather than the Emergency Coordinator. Revise 
the permit application to explain why completing the reporting form in Appendix F1 is not 
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discussed in the Contingency Plan, and to explain why the information on the reporting 
form in Appendix F1 contradicts information presented in the Contingency Plan. 

RESPONSE: 

The position of Emergency Services Technician (EST) is a full-time facility position. An 
appropriate job description is included in Appendix H2 immediately before the job description of 
the Emergency Services Coordinator (ESC). The duties of the EST and ESC are different as 
can be seen in Appendix H2. The text was modified to clarify roles and responsibilities. The 
Hazardous Material Incident Report was addressed in the description of the EST's duties. The 
form has been deleted from Appendix F1. 

An expanded description of the EST was added to the text . 

• • * *. 
7. Chapter G, Section G-2, Incident Response Personnel, Section G-2b, Other 

Emergency Incident Personnel, Page G-5, Line 5. 

Revise the permit application to explain the differences in job duties between the Security 
Fire Brigade and the Emergency Response Team. Both appear to be assigned to fire 
fighting duties at the facility. Also, revise Section G-2b to clearly identify the job duties 
of each response team, especially where duties may be overlapping. 

RESPONSE: 

The Security Fire Brigade has been renamed Security Fire Support, consisting of Security 
personnel who respond on backshifts to support the EST when the ERT is not on site. Security 
Fire Support does not respond to fires involving hazardous constituents. Otherwise, the ERT is 
the appropriate responder to a fire. 

Text was modified under "Security Fire Support." 

* * * • * 

8. Chapter G, Section G-4, Emergency Response Method, Page G-5, Lines 21-22. 

Section G-4 states that there are twelve implementation areas, but only eleven steps are 
listed. Revise Section G-4 to be consistent in the number of implementation steps that 
will be followed. 

RESPONSE: 

The error has been corrected. 

Text corrected. 

* * * * * 
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9. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Lines 3-26. 

The description of notification procedures on page G-7 is inconsistent with the procedures 
outlined on Figure G-4. On Figure G-4, it appears that the Emergency Coordinator must 
notify the Office Wardens, who will notify the emergency response personnel. On page 
G-7, it is stated that the Central Monitoring Room Operation {CMRO) or Security will 
notify emergency response personnel. In accordance with 20 NMAC 4.1, Subpart V, 
§264.56, revise Figure G-4 and Section G-4a to describe consistent notification 
procedures. 

The information in Appendix F1, under "Spill Control Equipment" provides a copy of a 
Hazardous Material Incident Report. This reporting form indicates that the CMRO is to 
contact Facility Operations {FOSS), the EST, Environmental Compliance and Support 
Group, Hazardous Waste Operations Group, and the Industrial Safety Group. Revise the 
permit application to explain why the notification procedures outlined on the Appendix F1 
reporting form are different from those described in the text of the Contingency Plan or 
make them consistent. Additionally, the permit application should address why all the 
groups {with the exception of the EST) are not specifically identified and their duties 
discussed in the Contingency Plan. 

RESPONSE: 

The Emergency Coordinator tells the CMRO to make the notifications as part of the normal 
procedure. Security is asked to make notifications only in abnormal circumstances {where office 
to office checking may be needed due to failure of the primary systems). Figure G-4 was 
renumbered G-4a and revised to clarify CMRO communication. The Hazardous Material Incident 
Report from Appendix F1 has been deleted. 

Figure G-4 has been renumbered to G-4a and the communication flow revised. 

* * * * * 

10. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Lines 3-5. 

Revise the permit application to identify what specific criteria the Central Monitoring 
Room Operator {CMRO) will use when determining whether or not a fire, explosion, or 
uncontrolled release at the facility requires immediate response. It is also not clear what 
"organizations" are being referred to on line 5. Revise Section G-4a to provide additional 
details of the CMRO's initial response activities. 

RESPONSE: 

The text has been revised in Section G-3 Implementation to show the stepwise system the EST 
{not the CMRO) uses in determining the proper response to the specific incident and for the 
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RCRA Emergency Coordinator to determine when the Contingency Plan is to be implemented. 
See also the response to Comment No. 2. 

Text revised. 

* • * * * 

11. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Lines 7-8. 

In the event that the primary Emergency Coordinator (the Facility Shift Manager on duty) 
cannot be reached, explain how the CMRO will know what individual has been assigned 
as the alternate Emergency Coordinator. None of the information in the Contingency 
Plan clarifies who the alternate Emergency Coordinators are for each facility shift. An 
order list of alternate coordinators is required by 20 NMAC 4.1, Subpart V, §264.52(d). 
Revise the permit application to address these concerns. 

RESPONSE: 

The RCRA Emergency Coordinator has a radio for communication and can be reached over the 
PA and plectrons on-site. Since any CMRO message has priority in his workday, he will respond 
to that call immediately. The CMRO also has a duty list, so the name of the on-duty alternate 
Emergency Coordinator is immediately available. This list is kept up-to-date at the WI PP and 
will be updated when be submitted to the NMED. The revised text is now clear about the 
method for determining the primary and alternates on each shift. The personnel named are 
properly trained and can function in that position. The list has been revised to clarify the primary 
Emergency Coordinator (the FSM on duty). 

Text revised to clarify the functions of the response personnel in Section G-4a. 

* * • * * 

12. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Lines 12-13. 

Identification of the EST and the duties of this individual must be described in further 
detail in the Contingency Plan. Since the EST appears to have a key role in assisting 
the Emergency Coordinator in his decision-making duties, the EST for each shift must 
be explicitly identified in Section G-2 as a key deputy of the emergency coordinator. All 
persons qualified to act as emergency coordinators must be identified in accordance with 
20 NMAC 4.1, Subpart V, §264.52(d). Additionally, Section G-4a must be revised to 
explain how the CMRO will know what individual has been assigned as the EST 
(including an alternate Esn for each shift, and procedures must be instituted for the 
CMRO to notify not only the Emergency Coordinator but also the EST to respond to each 
emergency at the facility. Revise the permit application accordingly. 
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RESPONSE: 

The EST functions have been explained in the revised text, along with the proper notifications 
made and communications planned for use. An EST is on duty 24 hours a day, 7 days a week, 
therefore the CMRO calls for the EST on a radio or over the PA. 

The text was revised. 

• * * * * 

13. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Line 14. 

The WIPP Security/ProForce has a key duty to assist the CMRO in notifying emergency 
response personnel. This group is not listed among the other emergency response 
personnel in Section G-2b. Revise Chapter G to clearly and consistently identify 
personnel that may assist in emergency response at the facility. 

RESPONSE: 

The Security Protective Force provides help to the CMRO when requested. Although Security 
would not normally be used during the day shift, they could be used to call specific personnel 
to the site on other shifts, at the specific request of the CMRO. They function as 
communications support personnel only. The Security Fire Support is composed of Security 
personnel trained to respond to fires, and will do so on the backshifts, but not the day shift. 
Security Fire Support has been added to the list of emergency response personnel in Section 
G-2. 

Section G-2 has been revised to add the Security Fire Support, but not Security in general. 

• • • * * 

14. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Lines 15-17. 

Notification of only the Emergency Response Team (ERT) and First Line Initial Response 
Team (FLIRT) are included in Section G-4a. Revise Chapter G to include notification 
procedures to alert the Mine Rescue Team (MRT). 

RESPONSE: 

The MRT's purpose is underground reentry and rescue after an emergency evacuation. The 
MRT notification is explained in the revised text. Section G-2 further defines the MRT. 

* * * * • 
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15. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-7, Line 37. 

Page G-7, line 37 indicates that the Emergency Coordinator will determine if an actual 
or potential emergency exists. Lines 3-5 of Page G-7, however, suggest that the CMRO 
is responsible for making this determination. Furthermore, lines 12-14 of Page G-7 
indicates that the Emergency Coordinator must consult with the EST to make this 
determination. Revise Section G-4a to clearly identify who has responsibility for 
determining when the Contingency Plan should be activated to respond to an incident at 
the facility. Clearly explain how the individual who will make this decision will be notified 
that an incident has occurred. 

RESPONSE: 

The CMRO does not make the decision. The EST (always on the scene) communicates with 
the RCRA Emergency Coordinator, but the Emergency Coordinator must make the final decision. 
The text has been revised to reflect the proper sequence of decisionmaking and implementation 
of the Contingency Plan. See response to comments No. 2 and 10. 

Text revised. 

• •••• 

16. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-8, Lines 1-5. 

Page G-8 provides the first mention of a Crisis Manager and the Emergency 
Management Team, who operate at the Emergency Operations Center (EOC). Chapter 
G must be substantially revised throughout to include a description of the identity, 
purpose, duties, and location of the Crisis Manager, Emergency Management Team, and 
EOC. Identify the specific criteria that the Emergency Coordinator will use to determine 
if incident control should be turned over to the Crisis Manager. Explain whether the 
Crisis Manager will use on-site emergency personnel, or whether additional off-site 
personnel will be used to manage the incident. Explain the chain of command for the 
Crisis Manager, his/her staff, and any on-site WIPP personnel involved in emergency 
response. Revise the permit application to address these concerns. 

RESPONSE: 

The Crisis Manager function descriptions have been deleted as separate from the EOC. When 
the RCRA Emergency Coordinator determines that an Incident Level II or Ill has occurred, or that 
the potential exists to upgrade the incident to a Level II or Ill, he may activate the EOC for 
additional support. The EOC staff will assess opportunities for coordination and use of mutual
aid agreements with local outside agencies making additional emergency personnel and 
equipment available (Section G-6), as well as use of specialized response teams available 
through various state and federal agencies. In addition, the WIPP facility maintains its own 
emergency response capabilities on-site, ERT, FLIRT, MRT, security personnel, heath physics 
technicians, environmental sampling technicians, wildlife biologist, and various other technical 
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experts. The EST will continue as the on-scene incident commander communicating with the 
RCRA Emergency Coordinator. 

Section G-4a has been revised to add more detail on the Emergency Management Team's role 
and responsibilities. 

• * *. * 

17. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-8, Lines 8-13. 

It is not acceptable to limit implementation of the Contingency Plan to the three criteria 
specified on lines 8-13 of page G-8. Under this scenario, it is highly unlikely that the 
Contingency Plan will ever be implemented. Moreover, using the three criteria, it is clear 
that the Contingency Plan will never be implemented for emergency incidents occurring 
underground. Protection of human health and the environment is not limited to off-site 
receptors. It is also not clear how this criteria to implement the Contingency Plan is 
consistent with those implementation criteria expressed elsewhere (i.e., page G-1, lines 
31-35). Revise Chapter G to clearly identify the specific criteria that will be used to 
determine when the Contingency Plan will or will not be implemented. Ensure that the 
criteria are protective of human health and the environment on-site as well as off-site, 
aboveground and underground, and ensure that the criteria cover the full spectrum of 
incidents that may occur at the facility, as required by 20 NMAC 4.1, Subpart V, 
§264.51 (b). 

RESPONSE: 

Implementation in Section G-3 has been greatly expanded to define the criteria for implementing 
the Contingency Plan. These criteria include site personnel safety. 

* * • * * 

18. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-8, Lines 27-31. 

Revise the permit application to indicate whether the Crisis Manager and Emergency 
Management Team are among the on-site resources available to the WIPP facility. Also, 
provide a description of the DOE resources that are available to staff at the WIPP facility. 
Identify the location and type of DOE resources, the time to arrive on-site (if applicable), 
and the availability (e.g., regular business hours, 24 hours per day, weekends, etc.). 

RESPONSE: 

See response to comment 16 for response regarding the Crisis Manager. Other than the 
Management and Operating Contractor, DOE resources are not used to staff the facility. 
Resources at other DOE facilities could be called upon if there were to be an incident of such 
magnitude that it overwhelmed the WIPP and other local resources. As a DOE facility, the 
facility may use the resources available from the Federal Response Plan signed by 27 federal 
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departments and agencies in April 1987, developed under the authorities of the Earthquake 
Hazards Reduction Act of 1977 (42 U.S.C. 7701 et seq.), and amended by the Stafford Disaster 
Relief Act for 1988. It would take approximately 24 hours to receive some of those resources, 
however, and longer for others. 

The text was changed to indicate that other DOE facility resources would be available for 
support. 

• •••• 

19. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-9, Lines 10-16. 

Revise the permit application to include contingency notification procedures that will be 
used to evacuate underground personnel in the event of total power outage and failure 
of backup power systems. 

RESPONSE: 

If the primary notification of underground personnel fails to operate (as in a total power outage 
and failure of the back-up power systems, a double failure mode), personnel are alerted by the 
battery powered mine pager phones. Underground personnel are trained to report to the 
underground assembly areas and await further instruction if all power fails or if ventilation stops. 
In that event, personnel will remain underground until power can be restored. MSHA requires 
personnel to be brought to the surface within 60 minutes if a ventilation outage occurs. This is 
done using the Air Intake Shaft Hoist powered by the standby backup electric power generators. 

Text was modified in Section G-4a to explain the above. 

'* * • • • 

20. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-9, Lines 17-18. 

Revise the permit application to clarify whether the Public Address (PA) system and 
plectron covers all areas of the facility (i.e., aboveground and underground, inside 
buildings, outside buildings). If there are areas that are outside the range of the PA 
system or plectron, explain what alternate notification system the CMRO will use. 

RESPONSE: 

The notification section has been extensively revised to state that the entire site (inside buildings 
and outside), within the security fence, is covered by the PA system or plectron. Other areas 
where personnel sometimes work are covered by the radios they have with them. 

Text revised. 

* * • * • 
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21. Chapter G, Section G-4, Emergency Response Method, Section G-4a, Notification, 
Page G-11, Line 20. 

The statement that "DOE policy is to provide accurate and timely information to the public 
by the most expeditious means possible" is unacceptably vague. Since the Emergency 
Coordinator must consult with DOE prior to notifying off-site agencies that evacuation of 
off-site areas may be necessary, identify the specific DOE individual or office that must 
be contacted. Explain what will happen if this individual or office cannot be reached (e.g., 
not available, not regular business hours). Clearly identify what is meant by "most 
expeditious means possible" (i.e., cite specific procedures). Revise the permit application 
to address these concerns. 

RESPONSE: 

The DOE office that must be contacted has been specified. A DOE Management Representative 
is on-call by pager or telephone 24 hours a day. The DOE has alternate methods for notifying 
the public (e.g., multiple personnel in the same office). There are so few residents in the vicinity 
of the WIPP facility that they could be contacted individually so that there would be no need to 
use a public announcement to ensure their safety. A Hazards Assessment was conducted which 
created no Protective Action Zones or Emergency Action Levels for the facility. Therefore, no 
procedures are in place for evacuation of the public. Methods are in place for notification of 
radio, television, and newspapers for news items which might include notification of on-site 
emergency situations. These procedures include a Public Affairs Coordinator in the EOC who 
writes and transmits press releases to the Greene Street facility and the Emergency Operations 
Information Center, where formal press conferences are conducted. 

Section G-4a revised to address this comment. 

* * * * * 

22. Chapter G, Section G-4, Emergency Response Method, Section G-4b, Identification 
of Hazardous Materials, Page G-12, Lines 1-12. 

In accordance with 20 NMAC 4.1, Subpart V, §264.56(b), the permit application must be 
revised to address the following concerns regarding identification of hazardous materials: 

Identify the specific location where characterization information for hazardous 
wastes, and hazardous substances are kept for quick reference by the Emergency 
Coordinator during an emergency event. Simply stating that these reference 
sources are available is not adequate. 

• Explain how quickly information from the waste manifests and operating record 
can be obtained. 

Explain where waste acceptance records are maintained. 
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Explain where the WIPP Waste Information Station f'NWIS) can be accessed in 
an emergency. 

• Explain where material inventories and data from derived waste accumulation 
areas, waste staging areas, satellite staging areas, and non-regulated waste 
accumulation areas are specifically stored and describe the specific information 
each records storage area contains. 

RESPONSE: 

For TRU mixed waste, the WWIS has the data. That database is immediately available 
on a computer screen. For other hazardous materials, the MSDSs are on file in a central 
location in the Safety and Emergency Services Building. There is also a list of all 
hazardous materials and their locations at the same place. 

Information from the waste manifests and the required data for emergency management 
decisions in the operating record exist in the WWIS (instant accessibility). 

• Waste acceptance records have no information useful during an emergency that are not 
contained in the WWIS for instant use. 

The WWIS is a system, not a station, that can be accessed from any computer on the 
WIPP Local Area Network by an operator that has approved access based on user ID. 
It can always be accessed from the EOC. 

Derived waste data are entered into the WWIS when a container is closed and emplaced 
underground for disposal. There are no SAAs for derived waste, as containers are all 
located inside permitted areas. The data on hazardous waste staging and shipping areas 
are located in the Waste Handling Operations office and the Environmental Compliance 
and Support office. 

Text changed. 

* * * * * 

23. Chapter G, Section G-4, Emergency Response Method, Section G-4c, Assessment 
of the Nature and Extent of the Emergency, Page G-12, Lines 28-35. 

In accordance with 20 NMAC 4.1, Subpart V, §264.56(c) and (d), revise the permit 
application to explain how the WIPP Environmental, Safety, Health & Regulatory 
Compliance (ESH & RC) Department fits with the chain of command shown on Figure G-
4 and the emergency response teams described in Section G-2b. Page G-12, lines 25-
27 state that the Emergency Coordinator will identify the source, type and extent of 
wastes involved in the incident in order to determine the need to implement the 
Contingency Plan. Text on page G-12, lines 30-35, however, appears to assign this 
same duty to WIPP ESH & RC staff. Clarify the roles of the ESH & RC 
Department and the Emergency Coordinator with respect to characterizing an emergency 
incident and determining whether implementation of the Contingency Plan will be necessary. 
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RESPONSE: 

The ES&H department (fonnerly ESH&RC) is shown on Figure G-4a (fonnerly G-4) as part of 
the chain of notification. ES&H provides expertise to support the emergency response teams 
when called upon, through the Industrial Safety, Environmental Compliance and Support, and 
Radiological Control sections. Once the required notifications have been made, the RCRA 
Emergency Coordinator will ensure that the identity, exact source, amount, and areal extent of 
any released materials are detennined, as required under 20 NMAC 4.1, Subpart V, §264.56(b). 
The RCRA Emergency Coordinator will detennine whether the occurrence constitutes an 
emergency based on knowledge of the area and access to the waste identification/ 
characterization infonnation described in Section G-4b. An emergency will require response by 
only specially trained emergency response personnel. The RCRA Emergency Coordinator will 
be responsible for responding to immediate and potential hazards, using the services of trained 
personnel to detennine: 1) the identity of hazardous wastes, hazardous waste constituents, and 
other hazardous materials involved in a release, as described in Section G-4b; 2) whether or not 
a release involved a reportable quantity of a hazardous substance; 3) the areal extent of a 
release; 4) the exact source of a release; and 5) the potential hazards to human health and/or 
to the environment. 

Section G-4c and Figure G-4a have been revised. 

* * * * * 

24. Chapter G, Section G-4, Emergency Response Method, Section G-4c, Assessment 
of the Nature and Extent of the Emergency, Pages G-12 and G-13, Lines 37-40 and 
1-2. 

It appears that the reference materials that the Emergency Coordinator needs to make 
his/her assessment of an emergency incident are scattered throughout the facility. It 
would be more efficient and effective to have one central location where the Emergency 
Coordinator could to assess references on the hazards associated with a particular 
chemical, as well as to determine appropriate personal protective equipment and 
decontamination procedures. In accordance with 20 NMAC 4.1, Subpart V, §264.56(c) 
and (d), revise the permit application to address these concerns. 

RESPONSE: 

The referenced material and records are kept in one central location. See response to Comment 
No. 22. 

Text has been revised in Section G-4b. 

* * * • * 
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25. Chapter G, Section G-4, Emergency Response Method, Section G-4c, Assessment 
of the Nature and Extent of the Emergency, Page G-13, Lines 10-12. 

In accordance with 20 NMAC 4.1, Subpart V, §264.56(c) and (d), revise the permit 
application to clarify whether "nonmixed" means "not mixed" (i.e., not combined together) 
or "nonradioactive". If "nonmixed" means "not combined together," then explain the 
discrepancy with Section F-5 page F-21, which states that all TRU mixed wastes that 
may be received at the WIPP facility are compatible, nonreactive, and nonignitable. 
Revise the Contingency Plan to use unambiguous terminology. 

RESPONSE: 

"Nonmixed" refers to constituents known to be on site that are not TRU mixed waste. 

The text was changed to clarify it as not TRU mixed waste in Section G-4c. 

* * * * * 

26. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-14, Lines 33-34. 

The need to determine compatibility of non-waste hazardous materials on a case-by-case 
basis during a fire emergency requires additional explanation. Since much of the facility 
is largely on a sprinkler system and fire extinguishers are located throughout the facility, 
it would be logical to expect that materials would be compatible with water and fire 
suppression chemicals. Materials that are not compatible with water and fire suppression 
chemicals must be clearly identified in the Contingency Plan, the containers should be 
clearly labelled. In accordance with 20 NMAC 4.1, Subpart V, §264.52(a), revise Section 
G-4d to remove the unacceptable level of vagueness about this issue. 

RESPONSE: 

The text was revised to explain how hazardous materials are identified on a case-by-case basis 
and that there are a minimum of substances on site that may be water reactive (e.g., sulphuric 
acid in the vehicle batteries). Compatibility has also been amplified in the discussion. Refer also 
to responses to Comment Nos. 29 and 42. 

Text revised. 

* * * * * 

27. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-14, Lines 41-42. 

The removal of flammable material and TRU mixed waste from the area of a fire is 
unacceptably vague. Revise the permit application to identify the alternate storage 
location that may be used for these materials both aboveground and underground. In 
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particular, explain the special management and storage considerations that will be 
important for contact-handled and remote-handled mixed wastes. 

RESPONSE: 

In the CH bay, any other area on the floor away from the fire area will suffice for temporary 
staging, because the whole bay is being permitted as a container storage unit. 

In the RH bay, the road cask provides double containment for the canister and has a 30 minute 
resistance to a fire by Nuclear Regulatory Commission requirements. The cask is not opened 
until it is in the cask unloading room. No other hazardous materials are in the hot cell or transfer 
cell and the sprinkler fire suppression would be activated in either area. As tong as there are 
canisters present, there will be no personnel entering either of these areas, regardless of the 
situation. In the facility cask loading room, the canister is contained by a large mass of steel and 
lead, so no fire concems relative to the TRU mixed waste exist there.· No other hazardous 
constituents are in the vicinity during waste handling operations there. 

Underground, the RH canisters are always contained either by the facility cask or by the 
borehole in the salt. CH waste is accessible only along the exposed face of the stack, so if there 
were to be a fire there, it is not anticipated that any of the waste containers could be moved, so 
the relocation point is moot. 

Text revised with other changes. 

* * * • • 

28. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-15, Lines 19-23. 

Revise the permit application to explain how, where, and who will be responsible for 
collecting a sample of potentially radioactive waste from an unknown container during the 
middle of responding to a fire emergency. 

RESPONSE: 

Airborne radioactivity samples may be obtained during a fire involving radioactive materials, 
using portable and fixed air samplers. Response personnel will be adequately protected from 
airborne radioactivity by their personal protective equipment required to fight the fire. 

The controlled area surrounding the radioactive materials will be re-verified and a determination 
will be made as to whether the size of the existing controlled area is sufficient to respond to the 
fire. If not, the boundary will be moved accordingly, after the Radiological Control Manager's 
approval. When the fire has been extinguished, then radiological surveys will be conducted 
based on the potential for radioactive material release. 
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Personnel and equipment will be surveyed out of the controlled area surrounding the radioactive 
materials if a radioactive release is either known or suspected. 

Text has been revised in Section G-4d, Fires. 

* * * •• 

29. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-15, Lines 27-30. 

Revise the permit application to clarify whether the absorbent selected for use at the 
facility are compatible with all hazardous materials and wastes present at the facility. If 
they are not compatible, explain alternate procedures to contain spilled liquid materials 
and wastes. 

RESPONSE: 

The absorbent materials used in the spill kits and other areas are not incompatible with any of 
the chemicals purchased for use on site. Many TRU waste generators use these same 
absorbents in their processes and no incompatibilities have been identified. Section G-4c has 
been completely revised. 

Text has been revised in Section G-4d, Fires. 

* * * * * 

30. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-15, Lines 31-32. 

Revise the permit application to explain specifically how the water from fire fighting will 
be collected. Identify the containers that will be used and the storage location for the 
wastes will awaiting characterization for subsequent disposal. 

RESPONSE: 

In the WHB the firewater trenches in the floor drain to the sump. In areas of the CH bay where 
water cannot get to the trenches, portable absorbent dikes (pigs) will be used to hold as much 
of the water as possible, after the fire is extinguished, until it is transferred into containers or 
sampled and analyzed for hazardous constituents. Other containers, if used, would be stored 
in the CH bay until the disposition decision is made. At other areas of the site, addressing the 
fire is the most important activity. Afterwards, attempts may be made to contain any water 
runoff. There are two ponds south of the security fence opposite the WHB that will collect any 
drainage from the parking area. The rest of the site inside the security fence drains to the west 
into the large pond there. Samples may be taken in from those ponds after the emergency has 
been abated, to determine any cleanup requirements. 
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Any potential derived waste will be handled as all other derived wastes, using 55-gallon drums 
or SWBs until analyses determine the final disposal requirements for the residues. 

Section G-4d revised under Fires. 

* * * * * 

31. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-16, Lines 9-11. 

The text on page G-16, lines 9-11 addresses transportation of injured personnel only in 
the event that they can be moved. Revise Chapter G to address the possibility that the 
injured personnel cannot be moved. Identify the facility's policy towards unmovable, 
injured personnel when a fire or explosion has occurred or is imminent. 

RESPONSE: 

The EST has the responsibility and the knowledge to treat injured personnel so that they may 
be moved to a place of suitable care (the Health Services Office, Guadalupe Medical Center in 
Carlsbad, etc.) 

Text revised. 

* *. * * 
32. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 

Containment, and Correction of the Emergency, Page G-16, Line 33. 

The text on line 33 states that the Emergency Coordinator will secure all operational 
units. Revise the permit application to explain what is specifically meant by "secure." 

RESPONSE: 

"Secure" in the verb form, means to shut down (operations). That means turning off all 
equipment, leaving them in a safe mode, and halting any further operations activities in the 
affected vicinity. 

Text revised. 

* * * • * 

33. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-16, Line 37. 

For clarity and consistency, a subheading for "Spill" response should be added at line 37; 
revise the permit application accordingly. 
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RESPONSE: 

Subheading added. 

* * * * * 

34. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-16, Lines 38-41. 

Page G-16, lines 38-41 describe spill control procedures for extremely large spills only. 
Revise the permit application to explain what procedures the Emergency Coordinator will 
use for smaller size spills. 

RESPONSE: 

The approach to spill control, whether large or small is essentially the same. The same basic 
steps are employed. The Emergency Coordinator may not be involved in small spills if the 
criteria for Level 11 or Level 111 incident are not met. 

No text change. 

• • * * * 

35. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-17, Lines 22-23. 

In accordance with 20 NMAC 4.1, Subpart V, §264.52(a), revise the permit application 
to provide additional detail on procedures to sample and evaluate a release site for 
contamination. Simply stating that sampling and analysis will occur is not adequate. 
Considering the storage locations and potential emergencies that may occur at the 
facility, it should be possible to identify the types of media that may require sampling and 
the sample collection procedures. Explain what criteria will be used to determine whether 
or not contamination of the release area has occurred. 

RESPONSE: 

For potential releases involving TRU mixed waste, the co-detection principal is used. Since 
radiation detection is very sensitive, it provides a means of detecting a release when no other 
evidence exists. When cleanup has proceeded to the point of finding no radionuclide activity, 
then samples may be taken for chemical analysis if there is visible evidence to suspect additional 
hazardous waste residues. For non-radioactive spills, samples may be taken from the residue 
and the media including concrete floors, asphalt, gravel surfaces, and soils. The WIPP Sampling 
Plan 0NP 02-EM4) will be used. 

Text revised to discuss radiological control measures in Section G-4d, under Fires. 

• * • * * 

21 



36. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-18, Line 1. 

Revise the permit application to explain why general site personnel are charged with 
containing the source of contamination during a mixed waste spill event. Section G-2b 
states that this is the responsibility of the ERT or the FLIRT. 

RESPONSE: 

This statement refers to Waste Handling Operators, not general site personnel (see the 
preceding statement regarding involvement of TRU mixed waste). The waste handlers are the 
appropriate personnel to limit the extent of a spill because they are at the scene and have bee!l 
trained to respond, if appropriate, or evacuate the area. 

No text change. 

* * *. * 

37. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-18, Lines 7-28. 

The entire discussion of spill control procedures is unacceptably vague. Section G-4d 
must be significantly revised in accordance with 20 NMAC 4.1, Subpart V, §264.52(a), 
revise the permit application to provide details on how contact handled and remote 
handled mixed waste spills will be addressed. Specifically: 

Explain exactly how emergency responders will assess and mitigate the 
occurrence. Identify the types of activities that may occur and the equipment that 
will be required to perform these activities. 

Explain exactly how emergency responders will remove contaminated materials 
and transfer material to new containers. Identify the equipment required. If 
containers must be moved in the underground to access another leaking 
container, describe where containers will be temporarily stored. Address 
procedures for both contact-handled and remote-handled wastes. 

• Explain how emergency responders will remove contamination from structures 
and other containers. Identify the range of procedures and equipment that are 
available to accomplish this task. 

Explain how emergency responders will decontaminate reusable spill cleanup 
equipment. Identify the range of procedures and equipment that are available to 
accomplish this task. 

Explain what criteria will be used to determine that cleanup is complete {i.e., 
identify the specific items that will be looked for during the post cleanup 
inspection). 
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RESPONSE: 

Section G-4d has been extensively revised to include additional descriptions. 

Section G-4d has been extensively revised to address this comment. 

Detail added to Section G-4d. 

Detail added to Section G-4d. 

Cleanup criteria have been included in Section G-4d . 

• * * * * 

38. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-19, Lines 14-29. 

Revise the permit application to explain how ventilation will be restricted in an area where 
a roof fall has occurred. Explain why monitoring for radiological mixed waste 
contamination, volatile organic compounds, and explosive gases is not part of planned 
emergency response procedures. Additionally, this portion of the permit application 
implies that if a roof falls in one of the open waste emplacement rooms, this waste may 
be removed. Since this is a disposal facility with the ultimate intent to leave waste in a 
closed room, it is not clear what criteria will be used to determine whether waste must 
be removed. Further, since the Closure Plan discusses panel seal emplacement, this 
would imply that an entire panel will be closed if a roof fall occurs in an open room. (It 
is assumed that an "open room" refers to one in which waste is actively being emplaced 
or has yet to be emplaced, not a room that has been filled, but is yet to undergo roof 
failure and creep closure.) Revise the permit application to address waste removal 
criteria, and specifically what will be closed if the Closure Plan is implemented. 

RESPONSE: 

There are few instances where the DOE would remove waste once it is emplaced. These would 
be based on a comparison of radiological risks (risks of remediating a spill in an active room vs. 
the risk of not remediating). Most likely, there will never be a retrieval of waste after a roof fall. 
Room closure, if needed, simply means a barrier to airborne radioactivity and can range from 
a "curtain" to a block wall to panel closure depending on the circumstances. The decisions will 
be radiological, however. Text has been added to clarify this. The assumption regarding the 
open room definition is correct. 

Section G-4(d) has been revised. 

• * * * • 
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39. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 
Containment, and Correction of the Emergency, Page G-19, Lines 21-23. 

Revise the permit application to explain how emergency roof support will be provided. 
Explain why no roof support equipment is clearly identified in Table G-2. 

RESPONSE: 

Roof support equipment does not meet the definition of "emergency" because every action taken 
for roof support will be conducted long before there is an imminent problem. With the exception 
of Panel 1, each successive panel will be filled and closed long before the anticipated roof fall 
will occur. Thus there is no need for any discussion of roof support equipment as an emergency 
measure for any panel. Since a roof fall can be predicted six to twelve months before it 
happens, there will be adequate warning for personnel to discontinue operations and either allow 
for remediation or to abandon it. 

Text revised. 

*. *. * 
40. Chapter G, Section G-4, Emergency Response Method, Section G-4d, Control, 

Containment, and Correction of the Emergency, Page G-19, Lines 17-28. 

Revise the permit application to clarify exactly how emergency responders will remove 
contaminated materials and transfer material to new containers. Ensure that the revision 
identifies the equipment that is required and the access to this equipment underground, 
and address procedures for both contact-handled and remote-handled wastes. 

RESPONSE: 

See response to Comment No. 37. 

* * * * * 

41. Chapter G, Section G-4, Emergency Response Method, Section G-4f, Management 
and Containment of Released Material and Waste, Page G-22, Lines 28-29. 

In accordance with 20 NMAC 4.1, Subpart V, §264.56(g), revise the permit application 
to identify the specific areas of the Waste Handling Building (WHB) and the parking area 
adjacent to and due South of the WH B ("parking area") that are available for storing TR U 
mixed waste in the event that there is a prolonged cessation of mixed waste handling 
abilities. Also, identify in this revision the primary and alternate storage locations for both 
contact-handled and remote-handled wastes. Identify the maximum storage capacity of 
each area. Describe within the permit application the procedures to ensure that once 
these storage capacities are reached, no more waste will be accepted at the WIPP facility 
from off-site generators. 
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RESPONSE: 

The statement has been modified to identify the storage area as the container storage units in 
the WHB and parking area south of the WHB. Primary and alternate storage areas have been 
addressed in Section G-1. See response to Comment No. 1. 

The permit application is specific about operations to fill the waste panels and when each one 
will be closed. When the maximum volume of 6.2 million ft3 has been received, no more waste 
will be accepted. Environmental Compliance and Support will keep track of assuring permit 
conditions are met. No text changes have been included to address approaching the maximum 
volume limit this in the Contingency Plan. 

* * * * * 

42. Chapter G, Section G-4, Emergency Response Method, Section G-4f, Management 
and Containment of Released Material and Waste, Page G-23, Lines 2-3. 

The discussion regarding the potential for managing water reactive materials is 
unacceptably vague. Since the facility largely has sprinklers, it would be logical to expect 
that materials routinely handled at the facility would be compatible with water. Materials 
that are not compatible with water must be clearly identified in the Contingency Plan, the 
containers should be clearly labelled, the material should have special use and storage 
considerations that can be described, and special cleaning solutions should be identified 
in advance so that they are available to respond to emergency events. In accordance 
with 20 NMAC 4.1, Subpart V, §264.56(g), revise Chapter G to provide details of 
emergency response involving water reactive materials used at the facility. 

RESPONSE: 

The WIPP Waste Acceptance Criteria prohibit non-radioactive reactive materials from being 
shipped to the WIPP facility. The radioactive materials allowed are plutonium or uranium metals, 
but only in very small quantities. The wastes received are in closed containers that water will 
not normally enter, and even if water did enter, the plastic bags would keep the plutonium metals 
separated from the water. This statement has been revised to refer to other hazardous 
materials, not TRU mixed waste. The MSDSs will be reviewed prior to any cleanup effort to 
discern whether any materials are water reactive. 

Text has been changed in Sections G-4b and G-4f. Refer to Comments No. 26 and 29. 

* • • * * 

43. Chapter G, Section G-4, Emergency Response Method, Section G-4f, Management 
and Containment of Released Material and Waste, Page G-23, Lines 21-23. 

In accordance with 20 NMAC 4.1, Subpart V, §264.56(g), revise the permit application 
to address the following: 
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• Provide additional details of what will be considered to be a non-emergency liquid 
spill. 

• Identify the specific spill size that is considered "non-emergency." Identify who 
will perfonn the spill cleanup, describe the availability of spill kits and the 
materials they contain. 

RESPONSE: 

Clarify whether there are any notification or documentation procedures that must 
be followed for non-emergency spills. 

Nonemergency liquid spills are most likely to occur as a result of perfonning an activity 
like decontamination, where some detergent solution is sloshed or the bottle tips over and 
leaks out the pump handle. A spill of hydraulic fluid during vehicle servicing would qualify 
for this category. 

Text has been revised in Section G-4f. 

Although "small" is subjective (as is "big"), the text is not being changed with regard to 
spill size because there is no rational basis for specifying a diameter or a volume. Spill 
kit contents and locations have been described. 

Revised Table G-6 has contents and locations. 

Notifications are required by various regulations and DOE Orders depending on volume 
of a spill and whether or not it was released from the facility. Notifications will be made 
accordingly by WI PP. Refer to the response to Comment No. 2 for additional infonnation. 

A statement regarding notifications was added to Section G-4f. 

* • * * * 

44. Chapter G, Section G-4, Emergency Response Method, Section G-4h, Post
Emergency Facility and Equipment Maintenance and Reporting, Page G-24, Lines 
12-16. 

The discussion pertaining to procedures for equipment decontamination is unacceptably 
vague. Revise the pennit application to identify the specific cleaning methods, 
equipment, and cleaning solutions that are available at the facility. It must also describe 
any special procedures that must be used to decontaminate equipment used in 
responding to mixed waste emergencies. Additionally, in accordance with 20 NMAC 4.1, 
Subpart V, §264.56(h)(2), the pennit application must identify the specific areas and 
buildings that are suitable for conducting decontamination. Revise the pennit application 
to address these concerns. 
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RESPONSE: 

See response to Comment No. 37. The requirement is to clean and decontaminate equipment 
so that it is ready for use prior to resuming operations. This is done in accordance with written 
procedures that are on file at the WIPP facility and may be inspected by NMED personnel. 

• * * * * 

45. Chapter G, Section G-5, Emergency Equipment, Page G-25. 

The permit application must include a map that clearly shows the above-ground location 
of all emergency response equipment. In accordance with 20 NMAC 4.1, Subpart V, 
§264.52(e), revise the permit application to include a map that clearly shows the location 
of all spill-control and decontamination equipment, fire extinguishers, alarm pull boxes, 
first aid kits, emergency showers and eyewashes, personal protective gear, and any other 
emergency response equipment that is immediately available to facility personnel in the 
vicinity of the WHB, the "parking area", and the underground. For equipment that must 
be transported to the RCRA units in an emergency, provide a drawing showing the 
storage location of this equipment (e.g., fire trucks, rescue trucks, ambulances, HAZMAT 
trailer, first aid room, underground cabinets, etc.). Also, identify within the permit 
application the person or position responsible for transporting this equipment to the 
incident site. 

RESPONSE: 

The existing figures have been revised to show locations of emergency equipment associated 
with emergency responses. New figures were produced to clarify certain locations and provide 
a clearer presentation. The text was modified to describe organizational responsibilities and 
equipment locations as well. 

Section G-5 text and Table G-6 have been revised to identify locations of all emergency 
equipment. 

* * * * * 

46. Chapter G, Section G-6, Coordination Agreements, Page G-26, Lines 21-22. 

The text of Section G-6 mentions the availability of the Living Desert State Park as a 
location to establish an alternate Emergency Operations Center. In accordance with 20 
NMAC 4.1, Subpart V, §264.37, revise the Contingency Plan to identify the location of the 
primary Emergency Operations Center. In this revision, identify the function of this 
center, personnel assigned to manage the center, and equipment or other resources that 
will be immediately available. Also, revise the permit application to discuss what 
resources will be available at the alternate Emergency Operations Center, and to identify 
the distance of this alternate center from the WIPP facility. If equipment or personnel 
must be transported to this alternate location, describe the procedures to authorize the 
move including time to establish the alternate center. 
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RESPONSE: 

The EOC is on the first floor of the Safety and Emergency Services Facility Ifs function has 
been described in the revised text in Section G-4a. Contents are communications equipment. 
The alternate center would only be used in the event of non-availability of the EOC. The time 
to activiate the alternate is irrelevant, as the RCRA Emergency Coordinator is on site and in 
charge of the response. Also refer to the response to Comment No. 16. 

Text revised in Section G-4a. 

* * * * * 

47. Chapter G, Section G-7, Evacuation Plan, Section G-7a, Surface Evacuation 
Assembly Areas and Staging Areas, Page G-28, Lines 1-12. 

The discussion regarding staging areas does not discuss the need to exit the facility 
through gates in the fencing. In accordance with 20 NMAC 4.1, Subpart V, §264.52(f), 
revise the permit application to explain what types of gates are available at the various 
exit points, including what types of locks are present. Also, explain in this revision how 
all gates will be quickly unlocked during an emergency incident requiring evacuation. 

RESPONSE: 

Figure G-8 was revised to show the gate locations in the fences. Personnel are directed by PA 
or by radio to divert to an alternate assembly outside the fence at these gates. Additional 
description was added to Section G-7a. Security personnel are notified to unlock these gates 
first when a decision is made to use them. 

Text in Section G-7a and Figure G-8 revised. 

* * * • * 

48. Chapter G, Section G-7, Evacuation Plan, Section G-7a, Surface Evacuation 
Assembly Areas and Staging Areas, Page G-28, Lines 3-12. 

Revise Section G-7a to specifically explain how all personnel are accounted for at the 
assembly areas. Simply stating that they are accounted for is unacceptably vague. 

RESPONSE: 

The office wardens are trained to properly take roll of employees assembled and report any not
otherwise accounted for persons to the Assistant Chief Office Warden. They each have a pager 
through which they receive instructions. 
Section G-7a text revised. 

• • * •• 
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49. Chapter G, Section G-7, Evacuation Plan, Section G-7a, Surface Evacuation 
Assembly Areas and Staging Areas, Page G-28, Lines 11-12. 

Revise the permit application to provide a more detailed discussion of procedures to 
decontaminate personnel prior to evacuation to staging areas. Explain how the 
decontamination will be performed, where it will be performed, and who will be 
responsible for ensuring decontamination is complete. Also in this revision, provide 
contingencies in the event that time does not allow for decontamination (e.g., an 
explosion or natural disaster), and explain what contaminated personnel should do in 
these instances. 

RESPONSE: 

Radioactive decontamination of personnel is the responsibility of the Radiological Control (RC) 
section. This discussion was included in Section G-4d under Personnel Decontamination. 

Text revised to include the additional information in Section G-4d. 

* * * * • 

50. Chapter G, Section G-7, Evacuation Plan, Section G-7b, Underground Assembly 
Areas, Page G-28, Line 17. 

Revise the permit application to explain who is in charge of accounting for all 
underground personnel and provide further details of specifically how all personnel are 
accounted for. 

RESPONSE: 

The Underground Controller functions as an Office Warden for underground personnel. 

Text changed. 

* * * * * 

51. Chapter G, Section G-7, Evacuation Plan, Section G-7b, Underground Assembly 
Areas, Page G-28, Lines 18-20. 

Revise the permit application to provide a more detailed discussion of procedures to 
manage contaminated personnel underground, and to explain when, how, and where 
decontamination will be performed. Ensure that the revision identifies who will be 
responsible for ensuring decontamination is complete and provides contingencies in the 
event that time does not allow for decontamination (e.g., an explosion or natural disaster). 
Also, revise the permit application to explain what contaminated personnel should do in 
these instances. 
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RESPONSE: 

Decontamination of underground personnel will be conducted the same way as above ground, 
except for transferring the individual to the surface via one of the hoists. Contaminated 
personnel are trained to remain segregated from other personnel until RC personnel can respond 
to the incident at their location. Refer to the response to Comment No. 49. 

Text revised in Section G-4d. 

* * * * * 

52. Chapter G, Section G-7, Evacuation Plan, Section G-7b, Underground Assembly 
Areas, Page G-28, Line 21. 

Line 21 on page G-28 states that all underground assembly areas have telephones, 
pagers, and first-aid kits. Since pagers are issued to individuals, clarify whether all 
underground personnel have pagers. If only selected personnel have pagers, explain 
how it can be stated that all underground assembly areas will have pagers available. 
Moreover, explain how pagers will be useful in an emergency. Additionally, provide a 
diagram of the underground showing the location of mine phones to demonstrate that 
telephones are available at all underground assembly areas. Figure G-5 does not show 
that first-aid kits are immediately available at all underground assembly areas. Explain 
the discrepancy with the text on page G-28. Revise the permit application to address all 
of these concerns. 

RESPONSE: 

The mine pager phone is a separate unit from the hand carried pagers used on-site. Figure G-5 
has been revised to show the locations of underground emergency equipment, including the 
mine pager phones and the first aid kits. 

The text has been revised to correct the apparent discrepancies. 

• • * * * 

53. Chapter G, Section G-7, Evacuation Plan, Section G-7c, Plan For Surface 
Evacuation, Page G-28, Line 38. 

Revise the permit application to explain why the Assistant Chief Office Warden is not 
specifically listed among the other emergency response personnel in Section G-2b, and 
to identify all emergency response duties of the Assistant Chief Office Warden. 

RESPONSE: 

The position was added and described in Section G-2b. The training requirements for the COW 
and the ACOW are identical. 

* * * * * 
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54. Chapter G, Section G-7, Evacuation Plan, Section G-7c, Plan For Surface 
Evacuation, Page G-29, Line 3. 

Revise the permit application to explain specifically how the Chief Office Warden will 
communicate with all Office Wardens during an evacuation, since presumably all Office 
Wardens will be outdoors at assembly areas scattered throughout the facility. 

RESPONSE: 

Explanatory text was added. Refer to the response to Comment No. 48. 

* * * * • 

55. Chapter G, Section G-7, Evacuation Plan, Section G-7c, Plan For Surface 
Evacuation, Page G-29, Lines 6-9. 

The evacuation procedures for ERT and FLIRT personnel are not clear. Revise the 
permit application to clarify whether ERT and FU RT personnel are to proceed to their 
appropriate evacuation assembly areas and wait for further instructions, whether the ERT 
and FLIRT personnel should remain next to their phones awaiting instructions when they 
hear an evacuation alarm, or whether ERT and FLIRT personnel should automatically 
report to their duty stations whenever they hear an evacuation alarm. Also, revise the 
permit application to identify the specific location of all duty stations, and to explain why 
special evacuation procedures for the MRT are not outlined. 

RESPONSE: 

Section G-7d has been revised to add the requested information. All personnel are required to 
evacuate unless specifically requested to report elsewhere. 

Section G-7d text revised. 

* * * * * 

56. Chapter G, Section G-7, Evacuation Plan, Section G-7d, Plan for Underground 
Evacuation, Page G-29, Line 23. 

Revise the permit application to explain why the Underground Dispatcher is not 
specifically listed among the other emergency response personnel in Section G-2b, and 
to identify all emergency response duties of the Underground Dispatcher. 

RESPONSE: 

The Underground Controller acts as an Office Warden during emergencies and reports to an 
ACOW. This is clarified in the text. 

Text changed. 
* • * * * 
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57. ChapterG, Section G-9, Location of the Contingency Plan and Plan Revision, Page 
G-31, Line 4. 

The reference to Section G-9 on page G-31, in Line 4 is incorrect. It appears that the 
reference should be to Section G-2b. Confirm the section cross-reference and revise the 
text of the permit application as appropriate. 

RESPONSE: 

The referenced section was corrected. 

• •••• 

58. Chapter G, Section G-9, Location of the Contingency Plan and Plan Revision, Page 
G-31, Line 17. 

Revise the permit application to explain why a description of the Memoranda of 
Understanding (MOU) with the New Mexico State Police is not included in Section G-6. 
Also, clarify the MOU coordination agreement has been established between the WIPP 
facility and the State Police. 

RESPONSE: 

The subject MOU description has been added to Section G-6. 
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COMMENTS: TABLES AND FIGURES 

1. Chapter G, Table G-1, Resource Conservation and Recovery Act Emergency 
Coordinators. 

Identification of the primary and alternate Emergency Coordinator is not clear on Table 
G-1. Mr. Bibby is listed as the primary coordinator, but footnote 1 states that Mr. Bibby 
and four other personnel are also alternate coordinators because they are Facility Shift 
Managers. This is confusing. The text of Section G-2a states that the Facility Shift 
Manager on duty is always the primary Emergency Coordinator; there is no mention of 
Mr. Bibby. In addition, there are nine additional personnel listed as qualified to serve as 
Emergency Coordinators. There is no indication of who these staff are, what job titles 
they have, what duties qualify them to serve as Emergency Coordinator, and who the 
CMRO will know to call and in what order if the Facility Shift Manager is unreachable in 
an emergency. Revise Table G-1 and the text of Section G-2a to clearly identify for each 
shift who will serve as primary Emergency Coordinator and who will serve as alternate 
Emergency Coordinator(s), in accordance with the requirements of 20 NMAC 4.1, Subpart 
V, §264.52(d). 

RESPONSE: 

An updated table with clarified footnotes and coordinated with the revised text has been 
prepared. 

Table G-1 and Section G-2a were revised. 

* * * * * 

2. Chapter G, Table G-2, Emergency Equipment Maintained at the Waste Isolation Pilot 
Plant, Pages G-35 through G-39. 

Table G-2 is not sufficiently detailed. In most cases, either a clear description of the use 
and capabilities of the equipment are not provided, or the minimum inventory that is 
required to be on hand is not identified. For the most part, the location of equipment is 
vaguely described and cannot be located on figures provided with Chapter G. In 
accordance with 20 NMAC 4.1, Subpart V, §264.52(e), revise Table G-2 and the text of 
the Contingency Plan, as appropriate, to address these concerns. Specifically: 

Page G-35: Explain why the underground fire alarm systems cannot be manually 
activated. Since the alarms are only found at five locations underground, and 
since it is stated that the alarm sounds only in the general area of the control 
panel, confirm that all underground personnel will be alerted to an emergency by 
the alarm. 

Page G-35: Clarify whether the site-wide evacuation alarm can be heard 
outdoors as well as inside buildings. Provide a diagram of the high ambient noise 
aboveground and underground areas showing the location of all alarms and 
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associated strobe lights, to demonstrate that personnel will be alerted to the need 
to evacuate the facility. 

• Page G-35: Clarify what areas of the facility are covered by the public address 
system and what areas are covered by the plectrons. Simply stating that both are 
available site-wide is not sufficient. Clarify that all areas of the facility (including 
the indoors and outdoors) are covered by at least one system. 

• Page G-36: Clarify the number and specific locations of Plant Base Radios. 
Simply stating that radios are located at various sites is unacceptably vague. 

• Page G-36: Explain why use of the public address van is not mentioned in th·e 
text of the Contingency Plan. Identify where the van is stored when not in use. 

• Page G-36: Explain why the environmental truck is not mentioned in the text of 
the Contingency Plan. Describe the use of the truck, the equipment is contains, 
and the storage location when the truck is not in use. 

• Page G-36: Identify the storage location of the HAZMAT Trailer, Rescue truck, 
Fire Truck #1, and Tool Crib. 

Page G-36: Identify the purpose and capabilities of the air bag system, come-a
longs, porta-power, and patching kit. 

Page G-36: Identify the minimum acceptable inventory of spill guns and recharge 
powder, absorbent, absorbent socks, transfer pumps, drum openers, floor 
squeegees, hand tools, jugs, pails, and portable lighting. 

Page G-36: With respect to spill response equi~ment, explain why there are no 
spill kits immediately available at areas where spills of hazardous materials might 
occur, and explain why there are no overpack or empty drums specifically listed 
among emergency response equipment. 

Page G-37: Identify the minimum acceptable inventory of scoops and shovels 
that must be on hand. 

Page G-37: Explain why the underground is protected by only one smoke and 
thermal detector. Explain why these detectors are not necessary in other areas 
of the underground. Explain how the four other underground fire alarm stations 
noted on page G-35 will serve for fire protection if they are automatically activated 
(although not equipped with smoke or thermal detectors) and have no manual pull 
stations. 

Page G-38: Identify the location of the Mine Rescue Training Room and the 
Connex. These two areas cannot be identified on any of the facility maps. 

Page G-38: Identify the minimum acceptable inventory of gloves, acid suites, fire 
suits, fully encapsulating suits, and antishock trousers. 
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• Page G-39: Identify the minimum acceptable inventory of oxygen, resuscitators, 
spl_ints, stretchers, suctions, trauma kits, emergency lighting radiation survey 
equipment, and radiation monitoring equipment. 

Page G-39: Explain why first-aid kits are not listed among the emergency medical 
equipment available at the facility. Identify the minimum inventory of supplies that 
must be present in each first-aid kit. 

• Page G-39: Provide a diagram showing the location of the emergency showers 
and eye washes that are immediately available in the vicinity of the WHB, the 
"parking area", and the underground. 

RESPONSE: 

The existing figures were revised and new ones added to clarify the locations of the appropriate 
emergency equipment for the Contingency Plan. 

Table revised to include the manual function and a note that the alarms are connected 
to the underground evacuation alarms. 

Table entry revised. 

The site-wide evacuation alarm has been tested to determine that it is audible from all 
locations within the security fence. Outside the security fence, all personnel working 
have pagers or two-way radios with them. Personnel working in areas of high ambient 
noise levels also carry two-way radios. Underground there are visual alarms (strobes) 
as well as audible. 

No revisions to the table. 

Distinction between areas covered by the PA and those covered by plectrons is not 
germane to this table. Both are used to alert personnel. Plectrons are moved as 
needed. 

Statement clarified. 

The base radios are located in the Central Monitoring Room, Guard and Security 
Building, and the Safety and Emergency Services facility. The total quantity of base 
radios is not critical to this Contingency Plan as there is sufficient redundancy. 

Table revised. 

The environmental truck and the public address van were deleted from the list because 
they are no longer on site. 

Table revised. 

See above. 
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• The HAZMAT trailer is parked in the parking area between the Support Building and the 
Safety and Emergency Services facility. The Rescue truck and Fire truck #1 are both 
housed in the Safety and Emergency Services facility. The tool crib is in the Vehicle 
Service Building. The tool crib is the only item among these that has a permanent 
location. 

Table revised to identify the tool crib in Building 454. 

• The capacity of the air bag systems, come-alongs, and porta-power are stated. The 
purpose of each is known to the emergency responders, which is the requirement. The 
patch kit consists of plugs and other materials to stop leaks from containers of liquid. 

Table revised. 

• Minimum acceptable inventories are now given by a number in parentheses preceding 
the description. 

Table revised. 

The DOE has determined that using a central response function is best for a site as small 
as the WIPP. This provides consistent response, assures minimum capability, and is 
overall more protective to facility personnel. Overpack and empty drums are available. 
They are not considered emergency equipment since they would typically be used for 
cleanup. 

Table revised. 

Same as Ninth Bullet. 

The Waste Shaft Station is underground, so two are present. The description has been 
modified to include manual pull stations underground connected to the underground 
evacuation alarm. 

Table revised. 

The Mine Rescue Training Room is inside the Safety and Emergency Services facility. 
The Connex is located in the parking area just west of the Safety and Emergency 
Services facility. Maps have been revised. 

Table and figure revised. 

Same as Ninth Bullet. 

Same as Ninth Bullet. 
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• First aid supplies for the underground are now listed separately. All surface injuries go 
to Health Services in the Safety and Emergency Services facility. Minimum inventories 
are now stated. 

Table revised. 

Figures revised. 

* * * * • 

3. Chapter G, Table G-3, Types of Fire Suppression Systems by Location, Pages G-40 
through G-42. 

Page G-42 of Table G-3 states that the underground facilities are equipped with manual 
pull stations. Table G-2, page G-35 states that the fire alarm systems are automatic only. 
Revise either table to resolve this discrepancy, and revise Chapter G text and table as 
appropriate. 

RESPONSE: 

Table G-6 (replacing former Table G-2) has been significantly updated with new information. 
Manual pull stations are identified. 

Table revised. 

* • • * * 

4. Chapter G, Figure G-4, WIPP Facility Emergency Notifications, Page G-53. 

Since the EST has a key role to assist the Emergency Coordinator in determining the 
need to implement the Contingency plan, as stated on page G-7, revise Figure G-4 to 
specifically include the EST in the notification chain. 

RESPONSE: 

Figure G-4 has been renumbered G-4a and revised to show the complete notification chain. 

Figure revised. 

* * * * * 

5. Chapter G, Figure G-5, Underground Emergency Equipment Locations and 
Underground Evacuation Routes, Page G-54. 

The permit application does not explain the use of the underground west refuge area 
shown on Figure G-5 in the text of the Contingency Plan. Revise Chapter G to describe 
when the west refuge area will be used. 
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Figure G-5 also shows the location of only two of the five underground fire alarm panels. 
Revise Figure G-5 ·to show the location of all underground emergency equipment. 

RESPONSE: 

The entire north end of the mine will be deactivated by the end of fiscal year 1996. Figure G-5 
has been revised to clearly show the locations of all underground emergency equipment. 

Minor text changes and revision to Figure G-5. 

* *. * * 
6. Chapter G, Figure G-6, Fire-Water Distribution System, Page G-55. 

Figure G-6, like many of the Chapter G figures, has been so reduced in size as to make 
many of the features shown in the key extremely difficult to read and find on the figure. 
Figure G-6 shows only one emergency exit located along the middle of the east facility 
fence and does not show any emergency exits located along the fence where access to 
the alternate staging areas is required. Revise Figure G-6 to address these concerns. 

RESPONSE: 

Figure G-6 has been revised to more clearly show these features. 

• • * * * 

7. Chapter G, Figure G-8, WIPP On-Site Assembly Areas and WIPP Staging Areas, 
Page G-57. 

The east fence emergency exit shown on Figure G-6 is missing from Figure G-8. Revise 
the figures to be consistent, and to discuss this fence exit is not discussed in the text of 
the Contingency Plan. 

RESPONSE: 

Only the actual exits that exist are identified. The figure has been revised to clarify the 
emergency exits. 

Figure revised. 

* * * * * 

8. Chapter G, Figure G-9, Designated Underground Assembly Areas, Page G-58. 

The text on page G-28 states that all underground assembly areas are adjacent to hoist 
stations. Figure G-9 clearly shows this is not the case. Resolve the discrepancy and 
revise the text of the Contingency Plan as appropriate. 
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RESPONSE: 

The text has been clarified to reflect the information in Figure G-9. 

Text revised. 

***** 
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CHAPTER G 
RCRA CONTINGENCY PLAN 

Introduction 

WIPP RCRA Part B Permit Application 
DOE/VVIPP 91-005 

Revision 5.2 

2 

3 

The Waste Isolation Pilot Plant (WIPP) Project was authorized by the National Security and 4 

Military Applications of the Nuclear Energy Authorization Act of 1980 (Public Law 96-164 ). Its 5 

legislative mandate is to provide a research and development facility to demonstrate the safe 6 

disposal of radioactive waste resulting from United States defense activities and programs. The 7 

U.S. Department of Energy (DOE) is developing the WIPP facility to demonstrate the efficacy of 8 

an underground geologic repository for the safe disposal of transuranic (TRU) waste and TRU 9 

mixed waste currently stored at or generated by DOE defense installations. 10 

The WIPP facility is owned and operated by the DOE and co-operated by its designated 11 

Management and Operating Contractor (M@I}~ The TRU radioacti1.ie waste to be received at the 12 

WIPP facility consists largely of s1::1ch items as laboratory glassware and 1::1tensils, tools, scrap 13 

metal, shielding, personal protection eq1::1ipment, and solidified sl1::1dges from the treatment of 14 

wastewater. Approximately eO percent of this waste is "mixed" (also contaminated with 15 

hazaFdo1::1s waste) as defined by the Reso1::1rce ConseF\1ation and Recovery Act (RCRA) and Title 16 

20 of the New Mexico Administrative Code, Chapter 4, Part 1 (20 NMAC 4.1), S1::1bpart II, 11 

S1::1bparts C and D. Theref.ore, emplacement of TRU mixed waste in the VVIPP repository is 18 

s1::1bject to reg1::1lation 1::1nder the NMAC. 19 

This Contingency Plan is prepared in accordance with the Bi!§9B:::g9=g~ili~!g~:199:],~!I 20 

ll:'J(RCRA) requirements stated in lli!l~!J:6.QJ::p,t:g::::tr~'!l:::g!ii9~Ul!OO!!~m~~r@!!¥ii!@gg§f.)Ji:l!mlr!l!!\i! 21 

Rmf:!=j'jj)j)jj(20 NMAC 4. 1 j, Subpart QM\iji!!$.l!!]\:g~lW~~H§i.~l!§, "Contingency Plan and Emergency 22 

Procedures," and submitted in compliance with 20 NMAC IM,:rnsubpart IX, §270.14(b)(7). The 23 

purpose of this document is to define responsibilities, to provide g1::1idance f.or9!1§i~! 24 

coordination of activities, and to minimize hazards to human health and the environment from 25 

fires, explosions, or any sudden or nonsudden release of hazardous waste, or hazardous waste 26 

constituents to air, soil, or surface water (20 NMAC 4.1, Subpart V, §264.51 [a]). This plan 21 

consists of descriptions and emergency proced1::1res@rm~-!~:::::ln9.:::::!m!ri!n9=Yji:::rt:!B!!!f! 28 

specific to b9tA- contact-handled (CH) TRU mixed waste, aM-remote-handled (RH) TRU mixed 29 

waste, and other hazardous waste handled at the WIPP facility. The provisions of this plan •.viii 30 

be carried 01::1t immediately whenever there is a fire, explosion, spill, or release of hazaFdo1::1s 31 

waste or hazaFdo1::1s waste constit1::1ents that co1::1ld threaten h1::1man health or the environment (20 32 

NMAC 4.1, S1::1bpart II, §2e4.51[b)) as determined by the RCRA Emergency CooFdinator. 33 

Likewise, those incidents which can be controlled with \NIPP facility reso1::1rces and do not 34 

threaten h1::1man health or the environment will be managed by trained VVIPP facility personnel 35 

and are not considered s1::1b:ject to this Contingency Plan. In the case of an emergency where 36 
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a release results that may threaten human health or the environment, the RCRA Emergency 
2 Coordinator (Section G 2a) will activate this Contingency Plan. 
3 

4 G-1 General Information 
5 

6 The WIPP facility is located 26 miles (mi) (41.84.g kilometers [km]) east of Carlsbad in Eddy 
1 County in southeastern New Mexico and includes an area of 10,240 acres (ac) (4, 144 hectares 
8 [ha]). The facility is located in an area of low-population density, with fewer than 30 permanent 
9 residents living within a 10-mi (16 km) radius of the facility. The area surrounding the facility is 

10 used primarily for grazing, potash mining, and mineral exploration. Resource development that 
11 would affect WIPP facility operations or the long-term integrity of the facility is not allowed within 
12 the 10,240 ac (4, 144 ha) that have been set aside for the WIPP Project. 
13 

14 The WIPP facility is designed to receive containeelf§!!:gf TRU waste, which will be transported to 
15 the WIPP facility from the ten major and other minor DOE TRU mixed waste generator and/or 
15 storage sites. The waste will be emplaced in the bedded salt of the Salado Formation, 
11 2, 150 feet (ft) (655 meters [m]) below ground surface. 
18 

19 As a geologic facility for the management of TRU mixed waste, the WIPP repository is regulated 
20 as a "miscellaneous unit" as defined under 20 NMAC 4.1~ Subpart V, Suepart X~l§l;:g;n:J.9 
21 §:g~:i§QP,. The areas at the WIPP facility subject to RCRA permitting include the TRUnmixed 
22 ... .iastenmanagement portions of!9119.li!i9.lfim!~t{f!t9m!lif!m!!i!i!!tt!the Waste Handling Building 
23 (WHBHi.P.g:::pil!ng::::@m1::::§9g~n::::9~::mi:::m:11. and the areas below ground in which waste will be 
24 emplaced. 
25 

26 The WIPP facility includes other surface structures, shafts, and underground areas (Figures G-1, 
21 G-2, and G-3). Surface structures accommodate support personnel and equipment required for 
28 the contingent management of TRU mixed waste should off-normal events occur that interrupt 
29 the timely movement of TRU mixed waste from the surface to the underground. In addition to 
30 the WHB, these structures consist of warehouses, the Exhaust Filter Building, and several 
31 administrative buildings. 
32 

33 !§J1!~os::f111g~::11tt:tv::!n!]im~m~nP:1::11oog!Jil!i!JYm11M!l!m11:1111~n!f=::tt:119:9!1:M1m11~;.: 
34 1m11111tiil!?m1n~i:::t111:::m~n!::r!!i!i!m::r1P:m~]i~i1::mil!::1a]~99~.m•n~1:::1n1::~~1J::11111m 
35 mm1tlin!:::::11nt1r::::li11~;:::':::::::n:a1e11191:::::gi~ini[::'1~e§nii,:::::mti~!ir:::::1!:::::mmiiJ!:~n•::::mt 
36 111!99.::::1r1:1;:::1211B!m~:::~1u1:~~2~2s.:::111f: 
37 

38 A RCRA Operating permit is sought for TRU mixed waste management activities in the WHB)! 
39 t§@:::pi,l!fiS.ii!i!li* and the disposal areas within the miscellaneous unit. The provisions of this 
40 Contingency Plan apply to hazardous waste management units (HWMU) in the underground 
41 waste disposal roomsi: aM--the WHB,:=:ma?!lfi:!i!il!~:i:ithe Waste Shaft, and supporting TRU 
42 mixed waste handling areas. The remainder of the facility will not manage TRU mixed waste.aREi 
43 is not sulaject to permitting requirements of the RCRA; hoi.•1ever, hazardous suestances, 
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5 

• l=lazar:elous Substances: As defined by the Com13rehensive Environmental 6 

Res13onse, Com13ensation, and Liability Act of 1 Q80 (CERCLA), as amended by 1 

the Su13erfund Amendments and Reauthorization Act of 1 Q8e, means any 8 

substance designated 131:1rsuant to Section 311 (b)(2)(A) of the Clean '.Nater Act 9 

(C'l'/A); any element, com13ound, mixture, sol1:1tion, or substance designated 10 

13ursuant to Section 102 of the CERCLA; any hazardous 'Nasta having the 11 

characteristics identified under or listed 131:1rsuant to Section 3001 of the Solid 12 

'.Nasta Ois13osal Act (b1:1t not incl1:1ding any waste the regulation ef 'Nhich under 13 

the Selid V\laste Dis13osal Act has been sus13ended by an Act ef Cengress); any 14 

texic 13ollutant listed 1:1nder Sectien 307(a) ef the CVVA; any hazar:eleus air 13ellutant 15 

listed under Sectien 112 ef the Clean Air Act; and any imminently hazar:elous 16 

chemical substance er mixture with res13ect te which the U.S. Environmental 11 

Protection Agency (EPA) Administrator has taken action 13ursuant to Section 7 of 18 

the Toxic Substances Control Act. The term does not include 13etroleum, 19 

including crude eil or any fraction thereof, which is not othen·1ise s13ecifically listed 20 

or designated as a hazar:elous substance in the first sentence of the 13aragra13h, 21 

and the term does not include natural gas, natural gas liquids, liquified natural 22 

gas, or synthetic gas usable for fuel (or mixtures ef natural gas and such synthetic 23 

gas). As defined by the flJew Mexico Emergency Management Act, means 24 

flammable solids, semisolids, liquids or §ases, 13oisons, corrosives, ex13losives, 25 

com13ressed gases, reactive or toxic chemicals, irritants or biological a§ents but 25 

does not include radioactive materials. 21 

• l=lazardous Materials: As defined by the New Mexice Emergency Management 28 

Act means hazar:elous substances, radiaactive materials, or a combination of 29 

hazar:elous substances and radioacti';e materials. 30 

The CERCLA a13131ies to the release of any substance listed in Table 302.4 of Title 40 of the 31 

Code of Federal Re§ulations (CFR), Part 302, and te any site where such substances are 32 

de13osited, stored, dis13osed, or 13laced, including buildings and structures. At the 'NIPP facility, 33 

these substances may be in the TRU mixed waste or may include those substances used or 34 

generated at the facility as a result of routine maintenance or res13onse actions. S13ills and 35 

releases of hazar:elous substances and materials outside the TRU mixed waste mana§ement 36 

areas of the 'A4=1B and the miscellaneous unit will also be res13onded to in com13liance with the 37 

notification, assessment, and res13onse requirements of this Contin§ency Plan. Therefore, while 38 

this 13lan a13131ies directly to the TRU mixed waste management areas of the Wl=IB and the 39 

miscellaneous unit, it also seF\<es as the single, facilitywide Contingency Plan. 40 
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VVastes generated as a result of maintenance or response actions will be categorized into one 
2 of three groups and disposed of accordingly. These are: nonhazardous wastes to be disposed 
3 of in a sanitary landfill, hazardous nonradioasti'Je wastes to be disposed of at an off site RCR,1\ 
4 permitted facility, and TRU mixed waste to be disposed of in the underground ~VVMUs. 
5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
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21 

22 

23 

24 

25 

26 
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22 

Persons qualified to act as the RCRA Emergency Coordinator, as required by 20 NMAC 4.1, 23 

Subpart V, §264.55, are listed in Table G42,. 24 

25 

26 

27 

28 

29 

30 

Persons qualified to act as the RCRA Emergency Coordinator are thoroughly familiar with this 31 

Contingency Plan, the TRU mixed waste and hazardous waste operations and activities at the 32 

WIPP facility, the locations of TRU mixed waste and hazardous waste activities, the locations on 33 

the site where hazardous materials are stored and used, and the locations of waste staging and 34 
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1 accumulation areas. They are familiar with the characteristics of TRU mixed waste and 
2 hazardous waste handled at the WIPP facility, the location of TRU mixed waste and hazardous 
3 waste records within the WIPP facility, and the facility layout. In addition, persons qualified to 
4 act as the RCRA Emergency Coordinator have the authority to commit the necessary resources 

5 to implement this Contingency Plan. mmit!:::=1,1=::eit!~nii:::~~~:]\llflM!§l~{9.\IDif.¥!:::1eetlmi~9rli! 
6 PPl!t!itC!IUUm!::::19::::g1fi1r:::mts.!:in!H~!!n!::::!n!:~:];1,r!i!t.l:::~!PPPr!i: 
7 

8 G 2b Other Emergencv Incident Personnel 
9 

10 In addition to the RCRA Emergency Coordinator, the following individuals or groups have tRe 
11 specified responsibilities during any WIPP facility emergency: 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

ll~t9J,n:;: 

• Central Monitoring Room Operator (CMRO)-The on-shift operator responsible for 

Central Monitoring Room (CMR) operations\=::rnnl99!P9.:::::::99111!~!9nJ::et:::::!ll!~~ 
F:!mrnin~!!~!in!:;::::giIJf:•el!!i:J9!::::1,1:::11n~!~n!e::::ex:::muim:r~mf: The cMRo has the 
a1::1thority and responsibility to acti1Jate response personnel and organizations when 
notified of incidents that re~1::1ire immediate response (e.g., personnel inj1::1ry, spills, 
fires, etc.). 

• Chief Office Warden ~A predesignated individual with responsibilities at 
assembly areasfgr:J~?me1i~i:;:;iii:::iF:m9n~!!mm:;:!~::i~!iiP9.:::1r!ii in the event of an 
evacuation. wn1::::12:1,1um11t:g1t1~::::t!§!ll~::r=1eet1::::~rqm::::~n1:::11mn~~ 

• Emergency Response Team (ERD A gro1::1p of volblnteer individ1::1als 
specially!4.@P:!imil!U:lr94.:P trained to respond to surface emergencies, to fight 
9n!ii:::~9gp@!Uliii::::nll!§r::::i~ll!ri fires, to provide emergency first aid, and to 

iil:~~:~~!:::;l8:;."~jj~~ooi~lt:im;"~~ii;~~§~~i:i~~~t,~m,111m:mimm,i:::ii 
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Emergency Services Technician (EST) Designated Emergency Management 
employee who acts as Incident Commander of tactical emergency response 2 

activities. 3 

• First Line Initial Response Team (FLIRT) Vol1:1nteer9,y!pij~~m~n!#i[ primary 4 

responders in the event of a general underground emergency f~t:::meliii1@aol 5 

n!Rm~Y.i::::::mitmmi~:::::miilni~M:::::1P!::::nr1:::::r~IP:9ni~H::pi¥en?:::]ne!:P!!n~i::::ilii,:,:,i!~!:::•::~i 6 

pf,ff§l)!gjji!!jgy!m;!!!ii!ffi!fili1f·(not incl1:1ding fires). The FLIRT also provides backup 1 

support for the ERT in the event of a general surface-facility emergency. E4.Hl.i 8 

m1:m~1::::1r1::•:11u:::et:m11"1:11:1:ee::::211er~mint1r:sm11~111:·::11!P8n~~:·:mtmt!ii::-... ·.... 9 

10 

• Mine Rescue Team (MRT) A gro1:1p of specially trained individ1:1als§9,pp!!m!~U!:~ 11 

sm4e:::.:··r~iP:9ni!P:i::.::::t1r:::::::41l!ri.r9in?::::::::rgn~m::::::ini:::::·r~li4!:::•:::ilmt:::::@a:::::::im!mn1: 12 

i.ii®.~tlP:O.~ that respond to major 1:1ndergro1:1nd emergencies (e.g., fire, struct1:1ral 13 

=~~~~~dliillliiiilit·i,e:l:4;,;~;H.~~:::~:~~~;~i~~:a~~~~:reli~I;:: ~: 
• Office Warden-An individual assigned responsibility for assuring that personnel 16 

are evacuated from his/her assigned area or building during evacuations. mmm 17 

ll~11:9~:::1~mt1~o:::~:rn~~::1f··@m1111nn1:!:]9•::~!J@:!r::~e,1:2m2::1ri~:i::::::;tm~:n1tJ~·::99mifi: 18 

§.'.!~n:::~1J1:::::en1~rg1::::e1~1n!$:::1t::1$me:n~'=~:·:112]1~11191M1t:::~1J!:::~tisf:a~::::1t!!!f:'::::::JM! 19 

11~:::1r.@m~m~:rn~m2o:::@'=lut:::1@P:P:1n1em~¥:::~1::::~n~:::~~!!minMQtl,!~t:::mm~:::yy1.r,11n!*: 20 

• Sec1:1rity Fire Brigade§eiffi.1.tlljdfilfi.U:Sile@gf--Consists of assigned members from 21 

the security departmeiii.~[!,,9!i:~:~ii::!r9¥!M::::i@9!9ii!::::i:n9::::~!i::::1weii~::::~oi\U!!i¥i!ini 22 

n1111P:li!!:];n1~1mr,~::::er:·m~u111~1l:::~1:::~!J1=:::1,11&]i,i,n::::9~~::1t1m:::(inx·::!1J1::1~1J1r:11n 23 

~n~:rnj!rm1t::M2n!!~t!1Jf9jJsf:Hrnns!YH\l,~~t:~m11. 24 

Implementation 25 

The provisions of this Contingency Plan will be implemented immediately whenever there is an 26 

emergency event (e.g., a fire, an explosion, or a natural occurrence that involves or threatens 21 

hazardous or TRU mixed wastes or a release of hazardous substances, hazardous materials, 28 

or hazardous wastes): [defined in Section G 1]) in the TRU mixed waste handling areas of the 29 

'Nl•rn or the 1:1ndergro1:1nd miscellaneo1:1s 1:1nit (as defined in Chapter B) or in any waste handling 30 

aFea that could threaten human health or the environment, or whenever the potential for such 31 

an event exists as determined by the RCRA Emergency Coordinator, as required under 20 32 

NMAC 4.1, Subpart V, §264.51 (b). Section G 4 describes the pro•Jisions of the Contingency Plan 33 

that facility response personnel will implement in the event of a fire, an explosion, or any 34 

1:1nplanned s1:1dden or nons1:1dden release of hazardo1:1s 'Naste, hazardo1:1s waste constit1:1ents, or 35 

hazardo1:1s material to the air, soil, s1:1rface 'Nater, or gro1:1ndwater at the WIPP facility. 36 
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Methods that describe how and when the WIPP Contingency Plan will be implemented cover the 38 

following ~~::~: implementation areas: 39 
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1. Notification (Section G-4a) 

Initial emergency response and alerting of the RCRA l!!mergency Coordinator 
Communication of the emergency conditions to facility employees 
Notification of local, state, and feeeral authorities 
Notification of the general public (if needed) 

2. Identification of hazardous materials (Section G-4b) 

3. Assessment of the nature and extent of the emergency (Section G-4c) 

4. Control, containment, and correction of the emergency (Section G-4d) 

5. Prevention of recurrence or spread offires, explosions, or releases (Section G-4e) 

6. Management and containment of released material and waste (Section G-4f) 

7. Incompatible waste (Section G-4g) 

8. Post-emergency facility and equipment maintenance and reporting (Section G-4h) 

9. Container spills and leakage (Section G-4i) 

24 10. Tank spills and leakage (Section G-4j) 
25 

26 11. Surface impoundment spills and leakage (Section G-4k). 
27 

28 G-4a Notification 
29 

30 Notification requirements in the event of an emergency at a RCRA hazardous waste 
31 management facility are defined by 20 NMAC 4.1, Subpart V, §§264.56(a) and (d). Necessary 
32 notifications in case of an emergency at the WIPP facility are described in this section 
33 (Figure G-41). Personnel at the WIPP facility are trained to recogni2el!,P§q~:fi~~t:: emergency 
34 notifications and to respond accordingly. 
35 

36 Initial Emergency Response and Alerting the RCRA Emergency Coordinator 
37 

38 The first person to become aware of an incident shall immediately report the situation to the 
39 CMRO).I@ng~:~~er9Wi!· Notifications shall include the following information, as appropriate: 
40 

41 

42 

43 

• Name and telephone number of the caller 
• Location of the incident and the caller 
• Time and type of incident 
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• Severity of the incident 
• Magnitude of the incident 
• Cause of the incident 
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• Assistance needed to deal with or control the incident 
• Areas or personnel affected by the incident. 

2 

3 

4 

5 

In addition to receiving incident reports, the CMRO, who is located in the Support Building 6 

(Building 451) (Figure G-1 ), continuously monitors (24 hours a day) the status of mechanical, 1 

electrical, and/or radiological conditions at selected points on the site, both above and below 8 

ground. Fire supf3ression equir:>ment and a~larms to indicate abnormal conditions are located 9 

throughout the WIPP facility. The alarm(s) (e.g., fire, radiation) may be the first notification of 10 

an emergency situation received by the CMRO. As a communications center, the CMR is 11 

effective in monitoring incoming alarms, teler:>hone calls, and radio messages and is a center for 12 

~;~~~i::i~,;1~;;;:.,,~:1:~rj~ .. i;i~i~i,;~1;;;~::i~~:i~iji~~i~1li~i~~~,l1illi:llitl«~ri111~11 ~: 
§!!iJ.9!@~9~111!:'=8 15 

Once the CMRO is notified of a fire, explosion, or uncontrolled release anywhere in the facility 16 

(by either an eyewitness or an alarm), the CMRO will r:>roceed to activate resr:>onse r:>ersonnel 11 

and/or organizations (if immediate response is necessary). The CMRO 'Nill then report the 18 

incident to the RCRA Emergency Coordinator v1ho will be the Facility Shift Manager (FSM) that 19 

is on duty at the time of the incident. An FSM begins the shift by signing the log book in the 20 

CMR. Therefore, the CMRO will always know which FSM is on duty during a shift. The CMRO 21 

can always reach the FSM by teler:>hone, radio, or f3ublic address (PA) system. Once notified, 22 

the RCRA Emergency Coordinator assumes resr:>onsibility for tho management of activities 23 

related to the assessment, abatement, and/or cleanur:> of the incident. 24 

If tho resr:>onse teams have not already been acti1lated by the CMRO, tho RCRA Emergency 25 

Coordinator in consultation with the EST will determine which teams will be activated and instNct 26 

tho CMRO or VVIPP Socurity/Protostivo Force (ProForso) (if necessary) to notify tho r:>Ortinont 21 

resr:>onso r:>ersonnol. During routine Of3orating hours, the EST and the ERT will be notified if tho 28 

incident is aboveground. If tho incident is below ground, an undorgrouns supervisor ans tho 29 

FLIRT will be notifies. f)Jotification will be by tho PA system, r:>agors, r:>loctrons, r:>ortable rasios, 30 

ans/or tho plant telor:>hono system. 31 

During backshifts or weekend hours, tho WIPP Security!ProForce will be requested by tho RCRA 32 

Emergency Coordinator to call the nocossal)' f30rsonnel to ror:>ort to tho site. This r:>orsonnol 33 

notification will be by r:>ager or by telephone. A call out list is maintainos that contains tho 34 

isentities, r:>hone numbers, and pager numbers of on call emergency response r:>orsonnol. Tho 35 

call out list is updates as nocossal)' to incorporate any changes by the Environment, Safety, ans 36 

Health and Regulatory Compliance (ESH & RC) Dor:>artment. Tho FSM (RCRA Emergency 37 

Coordinator), CMRO, and 'NIPP Security/Pro Force receive cor:>ies of tho call out list. In addition, 38 

each individual on the call out list receives a cof3y. 39 
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9 underground. 
10 

11 

12 

13 

14 

15 environment [Sestion G 4c]. Depending on the potential for adverse impacts, the FSM may 
16 transfer emergency response responsibilities to the Crisis Manager. The Crisis Manager is the 
11 manager of the Emergency Management Team 'JJhich functions in the Emergency Operations 
18 Genter (EOG) in the e'Jent of a highly impactive emergency event (tornado, seismic event, 
19 radiological release, etc.). 
20 
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The nat1::1FS of any incident potentially in11olving hazardo1::1s materials or waste will 1::1ndergo 37 

assessment, as described in Section G 4c. The Contingency Plan will not be acti'1ated if the 38 

incident does not constit1::1te an ernergency F8Ef 1::1iring notification of p1::1blic safety and FBg1::1latory 39 
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agencies (i.e., a fire, an explosion, or a nat1::1ral occ1::1rrence that does not involve or threaten 
2 hazardo1::1s or TRU mi>Eed 'Nastes or a release that does not constit1::1te a threat to h1:Jman health 
3 or the environment); if a spill is contained in secondary containment; and/or if the spill or release 
4 is less than a reportable q1::1antity, specified 1::1nder the CERCLA in 40 CFR §302.4). Reportable 
5 q1::1antities 1::1nder the CERCLA apply to the release of any s1::1bstance listed in Table 302.4 of 40 
6 CFR Part 302. 
7 

8 The "Start Clean Stay Clean" operating philosophy of the 'NIPP Project will provide for minim1::1m 
9 opport1::1nities for releases and s1::1bseq1::1ent decontamination. If radioactive contamination is 

10 detected on eq1::1ipment, on struct1::1res, or in the air, it 'Nill be ass1:Jmed that hazardo1::1s 
11 constit1:Jents may also be present. Co detection methods (see Appendi>E 13, "Co Detection of 
12 Mazardo1::1s and Radioactive VVaste Releases") will be 1::1sed as a detection method to determine 
13 when decontamination is req1::1ired. Radiological clean1::1p standards will be 1::1sed to determine the 
14 effectiveness of decontamination efforts. Once there is a determination that the area is 
15 radiologically clean, standard methods (e.g., Sl/JJ 846) may be 1::1sed to determine if there are any 
16 hazardol:Js constit1::1ents remaining. 
17 

18 The 'NIPP facility maintains its own emergency response capabilities on site, incl1::1ding the ERT, 
19 the FLIRT, ESTs, a registered n1::1rse, sec1::1rity personnel, and the MRT. Coordination and 
20 m1::1t1::1al aid agreements with local 01::1tside agencies make additional emergency personnel and 
21 eq1::1ipment available (Section G 6). In addition, as a DOE facility, the staff at the l/JJIPP facility 
22 can call 1::1pon reso1::1rces of the DOE to assist. 
23 

24 Communication of Emergency Conditions to Facility Employees 
25 

26 Procedures for notifying facility personnel of emergencies depend upon the type of emergency. 
21 Methods of notification are: 
28 

29 • Local Fire Alarms 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

- The local fire alarms sound a bell tone and may be activated automatically or 
manually in the event of a fire. 

• Surface Evacuation Signal 

- The evacuation signal is a yelp1 tone and is manually activated by the CMRO 
when needed. The CMRO shall follow the evacuation signal with verbal 
instructions and ensure the Site Notification System (i.e., the plectron) has been 
activated. 

41 1 The yelp tone increases from 500 to 1,000 hertz and drops to 500 hertz. 
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- The evacuation signal is a yelp tone and flashing strobe light. In the event of an 2 

evacuation signal, underground personnel will proceed to the nearest egress hoist 3 

station (Section G-7b, Underground Assembly Areas) to be apprised of the nature 4 

of the emergency and the evacuation route to take. gpg!rgl:!D~tP~il!:ID!~:::ifi 5 

~rilni1:::~9:::1;91m1=:~n1:==991.!1mP:n1::=11i!msi¥ ir~11:::@n;t:1w@~t:m=~nir:::1a1tmm~im: 6 

!~::::!:n:::::eew~:r:::::f:f:!~i::::er]iliiin~!!ii9rE:i!ieiW:t:nn: ~n:1E:~y,~:o!;::::::t1riin:omtti!~!::::::11i'n: 1 

9neilr94o9::::rn1n,~tee1~:r121o::::::P!liii§~iiff:~::::rn:11E111::ris2~rt§:::::Ji~~12nn!1:::::11::::::2@ 8 

P:r99Qnt::=~2m1•::~\i!rn1s~=:::11m!rt:!1:::m1:n9~~~':,m:~ :i~n~!t~12n:::1:4~~1~:::=1s9J1:1l:::m11:::::!! 9 

99o~:==4~irjs:1a;:Q1!trnot~1~~t§n~fMiJ1s!mi'=:i?l?w~m,9===:py:m;::::s1.9Kii1f::!!~mr!!:::::pg•t 10 

si:9irit11.=: 11 

• Contingency Evacuation Notification 12 

- If the primary warning system consisting of alarms and signals fails to operate 13 

when activated (as in a total power outage and failure of the back-up power 14 

systems), WIPP Security will be notified by the CMRO to initiate the contingency 15 

evacuation plan. In this procedure Security/ProForce personnelp'fil§!i will alert 15 

personnel to evacuate the area and will check trailers, if possible, to ensure that 11 

personnel have been alerted/evacuated. 18 

The CMRO has the ability to notify facility personnel of an emergency using the PA system and 19 

the plectron. 20 

WIPP facility personnel are trained and given instruction during General Employee Training aREi 21 

emergency preparedness classesto recognize the various alarm signals and the significance of 22 

each alarm. WIPP facility employees and site visitors are required to comply with directions from 23 

emergency personnel and alarm system notifications and to follow instructions concerning 24 

emergency equipment, shutdown procedures, and emergency evacuation routes and exits. 25 

Notification of Local. State. and Federal Authorities 26 

If it is determined that the facility has had a fire, an explosion, a spill, or a release of hazardous 21 

waste or hazardous waste constituents (included in 20 NMAC 4.1, Subpart II) in the 28 

miscellaneous unit or TRU mixed waste handling areas, or an emergency resulting in a release 29 

of a hazardous substance (included in 40 CFR §§302.4 and 302.6 or the New Mexico 30 

Emergency Management Act, Sections§§ 7 4-48-3 and 7 4-48-5) that could threaten human 31 

health or the environment outside the facility, the RCRA Emergency Coordinator, after 32 

consultation with the DOE, will assure that local authorities are notified by telephone and/or 33 

radio, including: 34 
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• Carlsbad Police Department (telephone number: [505] 885-2111) (or 911) 
• Carlsbad Fire Department (telephone number: [505] 885-2111) (or 911) 
• Eddy County Sheriff (telephone number: [505] 887-7551) 

f::::;:;:J1e11~::Ji~rt::::Je,~p,11m~nt:::;(!llin!n!:J11umP:~rn:;:111p;,eym:::e~z111!§} 

6 After local authorities are notified, the RCRA Emergency Coordinator will ensure notification of 
7 the following: 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

• New Mexico Environment Department (NMED) 
Department of Public Safety 
24-Hour Emergency Reporting Telephone Number: (505) 827-9329 
FAX number: (505) 827-9368 

• Department of Public Safety WIPP Coordinator 
Telephone Number: (505) 827-9221 
FAX number: (505) 829-3434 

• Hazardous Materials Emergency Response, Chemical Safety Office, Department 
of Public Safety, State Emergency Response Commission 
Telephone number: (505) 827-9223 
FAX number: (505) 829-3434 

• National Response Center 
Telephone number: 1-800-424-8802 
FAX number: (202) 479-7181 

• Local Emergency Planning Committee 
Telephone number: (505) 887-9511 
Fax number: (505) 887-1039. 

31 The first notification of public safety and regulatory agencies will include the following: 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• The name and address of the facility and the name and phone number of the 
reporter 

• The type of incident (fire, explosion, or release) 

• The date and time of the incident 

• The type and quantity of material(s) involved, to the extent known 

• The exact location of the incident 
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• The extent of injuries, if any 2 

• Possible hazards to human health and the environment (air, soil, water, wildlife, 3 

etc.) outside the facility 4 

• The name, address, and telephone number of the party in charge of or responsible 5 

for the facility or activity associated with the incident s 

• The name and the phone number of the RCRA Emergency Coordinator 1 

• The identity of any surface and/or groundwater involved or threatened and the 8 

extent of actual and potential water pollution 9 

• The steps being taken or proposed to contain and clean up the material involved 10 

in the incident. 11 

The RCRA Emergency Coordinator will also be available to advise the appropriate local, state, 12 

or federal officials on whether or not local areas should be evacuated. 13 

Notification of the General Public 14 

Immediate notification of the general public through the public safety and emergency agencies 15 

listed above will be made by, or under the direction of, the RCRA Emergency Coordinator 1s 
following an evaluation to determine if local adjacent areas need to be evacuated. This 11 

evaluation will be made in consultation with the DOE who has management responsibility for the 18 

lands immediately adjacent to the \NIPP operations.!@pg:::=:finsril@~H!li* DOE policy is to 19 

provide accurate and timely information to the public by the most expeditious means possible 20 

concerning emergency situations at the WIPP site that may affect off-site personnel, public health 21 

and safety, andtor the environment. ~::::m11::::g~~U"leiel:::1rii::m12~n:11s~E@i:::::Minllil!m 22 

mel!iot~1~11:::r!:::1!11.r,1::gn1P:!~rnHr1t~Meim9tt1~:::n11!!fi:::~1::1•s!r:::9r::~1!1111p;n1:g~:::v9:!r1::1::11Y:;: 23 

i]Biam1::=::111111mmnl::::wr1::::::P:9m!miern:wn111::::::1n1~ii.m~::::=:n2:1e~::::::1r::::Bl!i9=~!1!::::::1112n1:::::9r 24 

111~m:mt!im1u1tu::::110::]~11111Pim:::::r,1::::9m1::::!1m1:::=:1111:::::mji:1::]neYB:::=:=o1~1121~1en:B!fl9mmli 21 

!m!r11n!i'::1~~199n1;::=::::11!1~=:=:1m~;:gt1:1::::in!!!m~t11e1~n!:':11'-~l:];191:!omr:::~n::::!n1:::m1;:::1m~ 28 

m11::@1~::~r1nm!m':?11!::111!!!!':~9::~111:::1mn~::1!t!i~'llm!:1m1111:r1:::t:i:rm1~:=1:r!li:=99n111!!! 29 

ir~iHiei!!mief: 30 
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G-4b Identification of Hazardous Materials 

The identification of hazardous wastes~ e1=-hazardous waste constituents, Q.bhaiafdb.U.$.H:iliterial 
involved in a fire, an explosion, or a release to the environment is a ~:~-~~-~-~-~·;y·:·:·:r;~·rt::·~rit;:~: 
assessment of an incident, as described in 20 NMAC 4.1, Subpart V, §264.56(b). RCRA 
hazardous waste and hazardous substances and materials listed in 40 CFR §§302.4 and 302.6 
or New Mexico Emergency Management Act, §§7 4-48-3 and §7 4-48-5, involved in any release 
at the WIPP facility will be identified. The identification of likely hazardous materials at any 
location is enhanced because hazardous materials and hazardous waste are only stored or 

~ 
department maintains an updated inventory of hazardous materials/substances that are brought 

on sitef::::@:n2:::1::mi!!!r::111mm]!i!ns::~9:::~~i:J:li!t~:::i:~g:];oo!ilmii!::111!e!l!Jiis!~!!ii:i!J§9.Ji!!!iim:::111. 

Sources of information available to identify the hazardous wastes, substances, or materials 
involved in a fire, an explosion, or a release at the WIPP facility include operator/supervisor 
knowledge of their work areas, materials used, and work activities underway; the WIPP Waste 
Information System (WWIS), which identifies the location within the facility of emplaced TRU 
mixed waste, including emplaced derived waste; and waste manifests and other waste 
characterization information in the operating record. The eper=ating reserdal!§!j::@~§ includes 
information on wastes that are in the waste handling process and wastes that have been 
emplased within the fasility, insluding derived waste. Also available are materials safety data 
sheets (MSDS) for hazardous material in the various user areas throughout the facility, waste 
acceptance records, and materials inventories for buildings and operating groups at the WIPP 
facility. Information or data from the derived waste accumulation areas, the hazardous waste 
staging area, satellite staging areas, and nonregulated waste accumulation areas are included. 

29 TRU mixed waste received by the WIPP facility during the Disposal Phase will be characterized 
30 for hazardous constituents prior to receipt, and deri1Jed waste will be shar=asterized in asseFdanse 

31 with the V\faste Analysis Planj;gB,p~~fi~!Mim!911tin9l9n::~iiln~Uil~t:1ui!mU~§:::991r,111t1!:: 
32 Bn¥f:qJ:::w@l1!I@mi:t to emplacement, se that i. 
33 

34 

35 

36 

37 

38 

39 

40 

41 

Information required for identifying hazaFdeus 'Naste andlliStt:iriiiidthazardous constituents in 
:·:· ·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·: 

case of an incident is readily available through the VWVIS and the waste acceptance records. 

!lmt1:::19a1i11:::1t=:~!:e1iJ1:::1~t111i:::1na:::t2:::91;:::99m,p,1y11:::1f:tm:1n:::m1t111~~1111,1:::t:i:::m1999: 
~9:::in]i~•111111m:11,~::1~tirm1m:::11:!t:1:::m1t~1!1:::r,1a•1:::11:::11111.:::mt:111::~1iii:Jm1111:!n:::m11ti 
m11::1::j!r1:::~0:::1MP:rt:1m1rn:sY.1n~!~!g:::~111::fii:m1:1mI9:n:::r;,99!1.:=:~1:!!~11::g11n:Jttemm.t:ms.nr:::11=mi.1.11n~ 
B:~i'.!!i!J:m:::P:r::::1:JEBRP:!e~::p·he identifisatien ef waste is ene step in the emergensy assessment 
whish is dessribed in Sestien G 4 s. 

42 nt11u::::111:rt1n§.1::::1911~01~21:]1!~t::911itimg::::t,9:::~2~~t::~:m::::~~t9=wtt:Mt11t~Mme1r11111:;: 
43 ;;1,:::!ny:::p,m1n@1:=:mm,19t1r:::mnn1m!!::i1:::~tjl:::!!ti:::ar.1911~:::1::@:0.1:::~:~l§flm~!9:rtmmea:::1::nM~1~:;: 
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+ti~:Jl~Q'B1::sm~mi!nP:1::::1eam1m!:ter:::n'=!:J~P:R~!1:::~1::::~n!:Jn¥i:o~91::m!~:::@ns':M.2g2~::~n:::m~M§,~tl!Y 
!ne:::sm~mmnaM§B!@!~::Ji!9!l!i:,::1MiJ,t:1mi~K:: 2 

G-4c Assessment of the Nature and Extent of the Emergency 3 

Once the required notifications have been made, the RCRA Emergency Coordinator will ensure 4 

that the identity, exact source, amount, and areal extent of any released materials are 5 

determined, as required under 20 NMAC 4.1, Subpart V, §264.56(b). The RCRA Emergency 6 

Coordinator will determine whether the occurrence constitutes an emergency based on 7 

knowledge of the area and access to the waste identification/characterization information 8 

described in Section G-4b. An emergency will require response by only specially trained 9 

emergency response personnel. The RCRA Emergency Coordinator will be responsible for 10 

responding to immediate and potential hazards, using the services oftr!!iO~PP~f!P:nn!iESTs and 11 

health physics technicians, and providing the 'NIPP ES~ & RC Department with the information 12 

necessary to determine: f 1) the identity of hazardous wastes, hazardous waste constituents, and 13 

other hazardous materials involved in a release, as described in Section G-4b; f2) whether or 14 

not a release involved a reportable quantity of a hazardous substance; f3) the areal extent of a 15 

release; f4) the exact source of a release; and ts) the potential hazards to human health or to 16 

the environment. 11 

After the materials involved in an emergency are identified, the specific information on the 18 

associated hazards, appropriate personal protective equipment(!;!![§), decontamination, etc., will 19 

be obtained from MSDS~ (AppenElix G1) and from appropriate chemical reference materials:::~~ 20 

~!i~M!i~m@:i,Jqji~i§p. These information sources may be accessed by the RCRA Emergency 21 

Coordinator or through several WIPP facility organizations, including Industrial Safety; 22 

~av~;~n;;e~~~:o~~~~~~~~:. a;~~-t~rillllllll!Jil1,\L~1Tililli1~~;!~~g~azardous ~: 
The emergency assessment requires determination of hazards involving evaluation of several 25 

criteria, including: 26 

• Exposure: magnitude of actual or potential exposure to employees, the general 21 

public, and the environment; duration of human and environmental exposure; 28 

pathways of exposure 29 

• Toxicity: types of adverse health or environmental effects associated with 30 

exposures; the relationship between the magnitude of exposure and adverse effects 31 

• Reactivity: hazardous materials or nonmixeEl hazardous wastes:;::ln~ppi!@~:jf!§lili!: 32 

mmi9:::Jli!~~~~ involved in an incident will be assessed for reactivity through 33 

accessing the MSDSs for the affected material and the recommended method(s) 34 

for managing such waste 35 
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• Uncertainties: considerations for undeterminable or future exposures; uncertain or 
unknown health effects, including future health effects. 

G-4d Control. Containment. and Correction of the Emergency 
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m!:]~le!llfi'=9tmt1~1.:41,!:'~:t1:]!i§~sn:miim:m~i~n.19~n.~:::::!~¥~M~o9::::1::::::s.:r1!1!::::!ePm~!ntt.Bt 
a1nr1P.:!s!mm~;::::wm:;:::'~r:::1m::::w~t:!::::!m!riin9!~::!n?::::!n!t!~t!!:::~P:~ 2 

1.:;::::::::::::::::::::~~n~m1,::::9991m!ni!!P:m::::9r:::91n]~p,~::~~ntsiQn:'e'=;1~2n~:1::em!~~,¥~:::19e!smmn~t:!:!iJ,:~ 3 

&:;::::::::::::::::::::1m~::l!11:!!2n::=::e~:::e~tot~mm1n1 4 

9:;::::::::::::::::::::mme~r11:::@.11esg::::9t:::i1m1.m~n.m~!::::m1mr!1.11 5 

If the assessment ey the RCRA Emer:goncy Coordinator indicates that there is a real or potential 6 

threat to hblman health or tho environment, the incident will ee considered an emer:gency 1 

reqbliring activation of this Contingency Plan. 8 

The WIPP facility is reqblired to control an emer:gency and to minimize the potential for the 9 

occblrrence, recblrrence, or spread of releases dble to the emergency sitblation, as descrieed in 10 

20 NMAC 4.1, Sblepart 'I, §§264.56(e). Measures taken may inclblde stopping processes and 11 

operations, collecting and containing released waste, and removing or isolating containers as 12 

descrieed in 20 NMAC 4 .1, Sblepart 'I, §§264 .56(e). 13 

Immediate Response 14 

As descrieed in Section G 4a aeove, once the CMRO is notified (ey either an eyewitness or an 15 

alarm) of a fire, an explosion, or a release, the CMRO will immediately report the sitblation to the 16 

RCRA Emergency Coordinator and will take action to notify the appropriate on site emergency 11 

response personnel. If necessary, WIPP Secblrity!ProForce will ee reqblested ey the CMRO to 18 

sblmmon off site/off dblty emer:gency response personnel. Personnel not involves in comeatting 19 

the emergency shall evacblate the affected area and assemele in previoblsly designates locations 20 

away from the affected area (see Section G 7). 21 

Aeovegroblnd Emer:gencies 22 

The ERT will respond to aeovegroblnd emergencies at the VVIPP facility. 23 

Under:groblnd Emer:gencies 24 

The FLIRT 'Nill respond to blnder:groblnd emer:gencies (except fires) at the WIPP facility. The 25 

WIPP facility also maintains two MRTs who are trained in compliance with 30 CFR Part 49 in 25 

areas of Sblrface organization (e.g., assemely and staging areas), mine gases, ventilation, 21 

exploration, mine fires and firefighting, rescble and reco•Jery, and mine reco1Jery. A MRT is 28 

activated if tho blndorgroblnd emor:goncy is a fire and/or exceeds the capaeilitios of tho FLIRT in 29 

these areas of mine rescble; ho'llever, the MRTs are not designated to respond to s13ills or 30 

releases of hazardobls wastes or materials in the blndergreblnd. 31 
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Eash MRT includes five team members in addition to one alternate, one trainer, and one 
2 benshman. The teams are trained by a trainer 'Nho is certified by the MS~A Their rescue 
3 equipment is supplied and maintained in assordanse with federal regulations (30 CFR Part 49). 
4 

5 Fire 
6 

7 

8 

9 

10 

11 

12 

13 The first option in fighting mine fire& (ij@gg~ will be to apply mechanical methods to stop fires 
14 (e.g., cut electrical power). If manpower is requires, the MR.Ts would be able to respond to a 
15 mine fire. The last option in fighting mine fire& f.-@!P§,9§.!:!iiwill be to reconfigure ventilation. The 
1s following prosedures!@!i!fi~ are implemented in tt1eHevent of a fire: 
17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

1. 

2. 

3. 

Firefighting?im':i!Brs!P:P:Y,t::l!P!P.!! personnel at an incident will wear 
appropriate personal protesti•1e equipmentffliffll· 

Only fire extinguishing materials that are compatible with the materials 
involved in the fire will be used to extinguish fires. @~OOBll§l!liUiltl 

m1.~~o!J,~t:::!avi!!~::::~n::::1]ir!:::?1::::e1t.1rm~n.1E:11::::i?:riilri:::1:P:1!:u1;]r;maa~: 
f!iiRRPfi!iiii[§g!~::==::1e21::::::~g1&i.iii!!!!i~ii~ii),~:::::=:g1&::::::11:m@!~ni~iI:i!MUiii!!!iiiiiiimi!ii 
~~gfi!~g!,::::::gf/iii~Oiiiiii!i!l@@i'.iiiii![@~pgfli,Jii/iii@mggp!:!f: Compatibility with 
nonwaste materials in a fire must be determined on a case by case basis. 
Only 'Nater and fire suppression foam will be used on fires involving TRU 

mbEed waste. !{lt,r:::j,nqj:jg,ty:;:!!!mii@[itn!!!fi!!!]i!!!ii!!P:ij:ft!ii.liflJ~,qU§ 
;1::::::P:?:m?i!P:l:imn:::::::!!J.j:eemr;mr11mt!::::::2u::tn.1::::::m!i;n::mm~::]lfit!:i: Fire-
suppression foams have been determined to be compatible with the 
components of TRU mixed waste. Compatibility determinations are based 
on MSOSs contained in Appendix G1 of this Contingency Plan. 

\'Vhenever possible, flammable material and TRU mixed waste, if any, will 
be removed from the area of fire. Fires in areas of the WHB should not 
propeigate, due to limited amount of combustibles, l,ggi!i~g!i!concrete and 
steel construction of the structures. Administrative controls, such as 
landlord inspections and EST inspections¥. help to insure good 
housekeeping is maintained. Combustible material and TRU mixed waste 

will be isolated~ if possible. :::rr[ti!!!!t::1r@m:::~rinimi!i!ii9!!im::tmii:fii~iliii!9 
1~1nn11:::1::::1n~e:::1:::!P:maf::::::::Ja:::1:r1!!1:::99~::1111s11::12:::~n1:::~r1n111s.:1::e11111:::: 
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4. If the fire spreads or increases in intensity, personnel will be directed to 4 

evacuate. to an upwind point at least 100 yards (91 m) a•1«ay tram the fire. 5 

5. The RCRA Emergency Coordinator will remain in contact with responding s 
personnel to advise them of the known hazards. 1 

6. In order to ensure that storm drains and/or sewers do not receive 8 

potentially hazardous runoff, dikes will be built around storm drains to 9 

control discharge as needed. gp~!!m~g:::¥j@~~ir'::::i!!E:~:::::!§@i@Ji!::::::;pg 10 

~01~~!P::::r,9r:n111299~:::9991~!~!!n!i1::::m:=t;iii!el!i::::eimi=ei~ns::f!!iraitsei: 11 

gfi1xii9r1~1eo:·l9na~;:]]l~~r~::::1r!:1w2::een1~:::§2:H:1u2rt1J1:::§~r1Y:::1in21;: 12 

P:sP:§~!f~:::1n!:::gtt,1;::::1n@t::wij~:::991J.~~,:~r~!n11~::::f:t9:m:::1n@:,:=p,1r@n$iEmlitI:n.g 13 

tt:md~~::1n@::::~~~M::~n~i;m::::11=::1~r1Y::::f@n!!;]9m:in!::::~9:::u~~u!:m!::::r.mn1.:::1P.]tn! 14 

llllllllllllll11~1i:~llti~llllf-ll!~lill~ll1111111111~1111illi ~: 
§lmlP:!l!ITT:IHi!ir!l::Yi!J.:::91:::911,9:;: 11 

7. The RCRA Emergency Coordinator ffi!!lRl!a~:=:::::gy~(!~t::~piQ!l[i!fflJltt\! 18 

!!lf.9.~f!pj'.\¥ill be in charge of the incident and may accept and evaluate 19 

the advice of WIPP facility personnel and emergency response 20 

organization members, but retains overall responsibility. Selection of 21 

methods and tactics of firefighting ri~P:§r!§! is the responsibility of the 22 

Incident Commander.who is the team leader of the responding emergency 23 

response team. 24 

8. The RCRA Emergency Coordinator will be in overall control of WIPP 25 

9. 

facility emergency response efforts until the emergency is terminated. 2s 

Materials involved in a fire can be identified in the following ways: 27 

. The location of the container may indisate the contents 28 

• If the location of the container does not indicate its contents, the 29 

label number can be used to identify the material 30 

31 

• If the contents of the waste container cannot be determined based 32 

on its location and the label is destroyed by fire, the material will 33 
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10. 

11. 

12. 

be treated as an unknown, evaluated for radiological 
contamination, and analyzed according to methods in the EPA's 
"Test Methods for Evaluating Solid Waste Physical/Chemical 
Methods" (SW-846), Third Edition~::ilt1r:::::::~ni':]:n1:::::::::n!iili::§!,!9 

!litl9i~ni9· 

':::::::1::::::::::=:::::l11:11m~=:==::1s!!le!v!f¥f::11:ma11!:I:m1¥:1:t1]:e11!mli::::::9:4rltts.:::::::@::::=:vm 
!nxe!¥irm:::::::::r12~21e~lxit:::m1!1n~!!i:]::::9f:t,na::::::::J19:t1P:!!:::t:1:99:::::::m1i2::::::1i~t 
i:i:me!imf::':::];iie!ni!Iiiiinn!Hii!~:::n:::ieli!l!i!¥:::p,r1~istie:::rt1m: 
;1,191~==::111e1P:W:t!!¥::::9y:=::m1~r=:::mm1:::r~iiftfUt:1r::~m1::::rt!:P:iP:~1;: 

Material l:lsed for fighting a fire san be determined based on the 
information in Appendix G1 of this Contingency Plan.Only materials 
compatible with the waste may be used tir::nrf:::::r!!mnii· 

An absorbent will be pol:lred over all chemical residl:les on floor sl:lrfaces 
resl:llting from a hazardol:ls waste fire. Once the liql:lid is absorbed, the 
waste will be si.•1ept or shoveled bask into the drl:lms, and all smfaoes will 
be cleaned l:lsing appropriate cleaners appropriate to the ohemioals.m:Jgo: 
s!tnMe]11~:::p,t21i19:1:2:::~1:m1!::e2~f!~:J;~tm~~nftu12:::r'=9j9nYlie~:::!11111~::ml 
111:0r:ti:::m@1:::a:::~111~t1r=:::9~!m!!IJ::::m!!Y:li:Jt::!nm1::::i~E¥i~m11:::11191;11::m, 
!lle~P:t:@g!!~!!n!!:::nn'=l!91:::w1.itiitt:im~1*::::::ml~m!mHt~i!PMi1:::mtM~8~r 
~P.t-il!!i::1:§4:!!!ma:::tf:im:::1],lllii!i::11.11::=~r1:::111Er~1:]i~v1.!4:i!!tm111s!I!:!: 
1e1119:::::r.~::::riii!ri9)~::=:::1i111ti1;:::::1:mtEri~im11::::~2::::iiet!et!iJ:!i!i::~n!l!mit!i~ 
1n~Uiiniiii:::im~:::ii:::91~n1a:]~i!ns::::iiet!ee::::9!ilnir~~ 

Firefighting waters will be oelleoted and analyzed, 'Nhenever possible, te 
determine an appropriate dispesal methed.f:i[§j:j,gppfj§iJPP!:ml!!!lil!I@ 
11::ri!e9=m::~1::1ne11n!i:li:m~:::111r1g::9n.t=i~n1~==:111ri:::@n.::1v@14.i~mn::11,11 
11:::111=1nn!!::::ie:::e11nimi1:1:iiet!ena::::r!ie&~iwlina:::1~iiili!:i::m•21i;: 

32 Explosion 
33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

1. 

3!. 
·:·:·:· 

The area will be evacuated immediately. 

The CMRO will immediately notify the appropriate emergency response personnel 
and the RCRA Emergency Coordinator about the explosion. 
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9.. 2. If the com~ition of the inj1::1red allows s1::1ch transport, inj1::1red personnel 'Nill be 
transported to First Aid for treatment. The EST will go to the inj1::1red person to 2 

~~"~'.t,;~~i~l~~~i)i!~~i~;:riii§il~lit~:i:ii1i~:i:iilllliil~~::1111111r='~ : 

4. The RCRA Emergency Coordinator will remain in contact with responding 5 

personnel to advise them of the known hazards involved and the degree and 6 

location of the explosion and associated fires. 1 

5. 

6. 

7. 

8. 

The RCRA Emergency Coordinator will be in command and may accept and s 
evaluate the advice of WIPP facility personnel and emergency response 9 

organization members, but retains the overall responsibility. Selections of 10 

methods and tactics of firefighting isr~iP!n!!,::il the responsibility of the Incident 11 

Commander. 12 

The RCRA Emergency Coordinator will be in overall control of WIPP 13 

personnelff P!~!I'. emergency response efforts until the emergency is terminated. 14 

An absorbent will be po1::1red over all chemical resid1::1es on floor s1::1rfaces res1::1lting 15 

from a hazardous waste explosion. Once the liquid is absorbed, the waste i.•1ill 16 

be swept or shoveled back into the drums, and s1::1rfaces ¥.'ill be cleaned using 11 

cleaners appropriate to the chemicals.m,ijg)gl,@qgp)i~!§)]~t§@l~9!~):)~§):Mi:i:@91n~ 1s 

1r:nms1ns::::::n!::::::1s!9:n:!A:!111::::::1111¥t::::1m!rg:111emi:I1m1.¥i:::::P!':::::1~!n::::r9r::i:i1n1m!P1~ 19 

1:rn11&111:::::::1,t:::::J.mi:r1:::::::i1::::::¥~ilP:!i::::::!!!s~nii::::::~g,::::]~P:iJ11::::::~11,~u2n.i!:]ni!'=l99i::::::11m 20 

tiim!ii~]::20.!m!ii!:::m,1~9Mii:::g9:::~991::1y:at11:1:1:1ri~i~tini::1rrim::::1::::ni!~riiYi:::111:\! 21 

@IP'=i!!l@1il~!~iil!i1i!i~9i~i9iii!llPl!M~gl,g,~qii~!f::tf:99!f:!l~~:::~~l!i~!qii.:ig~\tllm!e 22 

t9']:@11r2P:r1=it!::'·:29n!IJn~m;::::::::@n1::::::1µa19:~1::::::w~m:':''9~]:~r,~1.n~g]::µims.:::::::@11r2P:P:i!!: 23 

9!t:~n~ls 24 

The RCRA Emergency Coordinator will secureffi@va~t!IU:9PWO operational units 25 

(e.g., process equipment and ventilation equi'p.ment) ... tfrai .. may beti~y~:ipgp 26 

affected directly or indirectly by the explosion, once~xP:J,!!f§tji;:::::::]qg~'ihe area's 27 

=~:~~e entered have been determined safe for reentry(:]it9!1i~~:::ro@it9~ ~: 
·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:· 

30 

The RCRA ER.:iergency Coordinator will implement the following proced1::1res in the event that a 31 

hazardous or TRU mixed waste or hazardous material spill ca1::1ses an immediate health hazard; 32 

cannot be contained with secondary containment or application of absorbents; or a threat exists 33 

for spilled R.:iaterial to fflO'/e Obit of the WIPP facility boundaries:Briil!am:::21::riiP!miiiliiiinmi~ 34 

m;::i:::11~!mP:!ii'iml!:!i]::::1:~2!eia~:m~:::p,1rimegn~;:::::::m~m'::eim!1::::mi~neei:::~21e1~ii~]irii1n1:::!1:::: 35 
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t!m~*:;:::911t~n~:;:::::1n9i~n.~~l.9~01;::]]~::1::J~~vf,f]:1:::::9r::::g§y¢,fi:!:!:E~ns9~nt::::1~1~§;:an~;;;:1m•;'::m:mmts~o~: 
2 Q!!ri\1in!:!~r::~!im1e11m1m1:::m~:::m111@1::::1:!19n!i'; 
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21 
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1. 

2. 

3. 

3. 

4. 

5. 

6. 

7. 

8. 

The immediate area will be evacuated. 

The RCRA Emergency Coordinator will review facility records to determine the 
identity and chemical nature of released material. 

Entry team procedures will be utilized, with special attention to the following: 

• Buddy system 
• Appropriate personal protecti'Je equipmentf:lBI 
• Backup rescue team 
• Supplemental communication signals (hand signals and hand-light signals) 
• Monitoring equipment 
• Exposure time limitations 

Emergency responders will don appropriate personal protective equipment for 
e*posure to the material. 

If possible, the source of the release will be secured. 

A dike to contain runoff may be built. 

Emergency responders will ensure that storm drains and/or sewers do not receive 
potentially hazardous runoff or spilled material. They willffi:I~ build dikes around 
storm drains to control discharge. 

Released wastes may be collected and contained by stabilizing or neutralizing the 
spilled material, as appropriate, pouring an absorbent over the spilled material, 
and sweeping or shoveling the absorbed material into drums or other appropriate 

containers. ID~!Jii~l9Bnm,]n!Yi]!~n:::::sit¢,fin~n!~i:i:i:f.~Ei!~i:::;p9m,~1~mJrln'i:::1,1,1, 
111.P:Pn!m!!Ms1::m!:::msY:::::m~m::::w!1t!l: 

During regular working hours, the RGRA Emergency Coordinator will immediately 
notify the NMED l=fazardous and Radioactive Materials Bureau (M&RMB) at 
(505) 827 4390 or after hours at (505) 827 9329. The RGRA Emergency 
Coordinator, or designee (i.e., the ESM&RG Manager), will notify the National 
Response Genter at (800) 4 24 8802 if human health or the environment outside 
the facility are threatened. 

No Jlll!]i!i~ waste that may be incompatible with the released material will be 
managed in the affected area until cleanup procedures are complete. 
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94-0. After collection of a released material, t%he release site and material (waste) 1 

wmf:!i:~!' be sampled and evaluated. If contamination is found to exist, 2 

contaminated materials may be collected, containerized (if appropriate), and 3 

removed from the site for disposal at a permitted disposal facility or, if derived 4 

from TRU mixed waste, managed at the WIPP facility as derived waste. 5 

Depending on the specific conditions, however, WIPP facility personnel may 6 

choose to implement an alternative decontamination method such as surface 1 

cleaning. Any s1:1ch alternative will be disc1:1ssed with the NMED prior to 8 

implementation. 9 
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1 Controlled 6.f Spills or Leaking or Punctured Containers of TRU Mixed Waste 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

AU5-95NVP/WIPPARTB/REV5CR:CH-G G-32 01/12/96 9:45am 



WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

1 

2 
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14 
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17 

18 

19 

20 

21 

22 

23 

1. PeFSonnel will stop work and sontain the sourse of sontamination, if appropriate. 24 

2. Personnel will warn other affested peFSonnel and evasuate the area. 25 

a. PeFSonnel will notif,y the CMRO of the insident. 26 

4. Emergensy respondeFS will isolate the area and post a•1ailable peFSonnel at eash 21 

entranse until radiologisal barriers are established. 28 

5. Emergensy responders will assess and mitigate the ossurrense as required (If 29 

reentry is nesessary, a Radiologisal \Al-Ork Permit [RVVP] will be required). 30 

6. Emergensy respondeFS 'Nill formulate a resovery plan and prosess a RVVP for 31 

desontamination operations. 32 
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7. Emergency res13onders will remove contaminated material and transfer to new 
receiving dnJms. 

8. Emergency res13onders will remove any contamination from floors, walls, and 
other containers and transfer contaminated materials to the new receiving drum. 

9. Emergency ros13onders will 13ro13erly identify the new receiving drblm. 

10. Emergency res13onders will decontaminate reblsable s13ill cleanblJ3 e~bli13ment, in 
accordance with the Rl.'VP and Section G 4 h of this 13ermit a1313lication. 

12 After cleanup is complete, facility personnel will complete an inspection and include the details 
13 of the spill and cleanup in the inspection log(see Cha13ter F of this 13ermit a1313lication). 
14 

15 Natural Emergencies 
16 

11 After a natural emergency (earthquake, flood, lightning strike, etc.) that involves hazardous waste 
18 or hazardous materials, the RCRA Emergency Coordinator, or designee,wm::in!Y.r@::i!~:flmft!m! 

19 Bt11nM:!m!::~1!1n: 
20 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Inspect containers and containment for signs of leakage or damage. Inspect 
areas where containers are stored looking for leaking containers and for 
deterioration of containers and the containment system. 

Inspect affected equipment or areas associated with hazardous waste 
management activities for proper operating mode in accordance with site 
procedures and manually check to ensure automatic and alarmed features on the 
units are working. 

Inspect affected equipment or areas within the ha2:ardobls waste management 
YM&fflnW:!" in accordance with site procedures for damage. 

Inspect electrical boards and overhead electrical lines for damage. 

Check container areas for signs of leakage or damage to drums and containers. 

Check affected buildings and fencing directly related to hazardous waste 
management activities for damage. 

Conduct a general survey of the site looking for signs of land movement, etc. 

Take any necessary corrective measures, however temporary, to rectify potential 
or real problems. 
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If the natural emergency is ao:::Qnil.~ni'-il roof fall in one of the open waste emplacement rooms, 2 

the RCRA Emergency Coordfriafor need only implement Steps 1 through 5 above. ifimjf'i~])g 3 

11~1a:::::~1::::9;:H!i!l!n~m::~¥io:::::~11'=t::::r22~::::f1U~]1m::::::291yt=:::;~!io:=:m1@::]e~1~::::1a1e]:st9Mni::.:::~9p,~[9~ 4 

lr99.it!imfJHi!]YOP~'='1tlg9!:it99U:f~~!~H:n!!@Y?:~tt~:::::~9::::a@~l%::::::§@!n:::t99m:::::11m::P:~Htry~p@l~iU@n! 5 

--·••: ~~~~!i~~:T~~'~=r:~!llilll: In addition, the RCRA Emergency Coordinator shall takeensure 1 ~ 

• Restrict ventilation to the affected room to ensure that there is no spread of 11 

airborne radiological contamination that may have 18 

been released. 19 

• Determine if any waste must be removed and repackaged or if the area should be 20 

abandoned without further waste management activity. If §§ro§':V(ij§ti:::removal is 21 

determined to be required !9H!~t9~E::]~!m::::s~l!!P:!!, the foffowin~i aciions will be 22 

appropriate~nt!ni911- If abandonment is selected, then the area will undergo panel 23 

closure as discussed in the facility Closure Plan. 24 

• Provide sufficient roof support to initiate the removal of undamaged waste 25 

containers and containers of derived waste. This removal will be performed in a 25 

manner that ensures the safety of personnel from additional roof fall. 21 

,:::::::::::1miti::t9r::ri~is1iit£i!:::9991imii~ien:::m9:::1!1e1=!in::~n.i::aiine11::t,9;::i:::111m!ii.J,iiJ, 28 

2mm2i:1r11:1: 29 

r:::::1:1m1w.s1s.1:::::1;~11sJ1111:J@n!:::::m1~m~!tr11ttJqgmm,i111:=::::119:::::9!~:=:=:sr:t§111~1n: 30 

9111f:::::§m1:;::::er::rum11rnMe100~19:::P:n::::~n!:::~e!1i!mm:::~~1.t::11111~::::m!¥::::!f::p,!le11!11 31 

1111iiii:::::11m.111n11::~11~i:~n.1,11::91~~1:1111::19:011:!!r1::~1::1n:::r~i'Jllo~::r1m*: 32 

Bime¥!::::=:2n!i:::::~nm:~=::~:!nt~1==:=::1i1it:::1a1!t11=::::n11111t:!2:t:1t!1r~:~==~11::t1tet=tfir 33 

11GtP:~im!n~~~10::=:~=~2H11,111!\:::~n.1:1n::::~9::::in:::~e.J.i~m~:::r2!m] 34 
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• Pro'lide sufficient reef suppert te reme'le damaged centaineFS and centaminated 
debris. 

• As waste and centaminateel debris are reme'led, they 'Nill be e'lerpacked er 
centained as appropriate. Nenradioactit1e debris will be sampled as it is packaged 
te determine whether it is regulated waste or not. 

Radioacti'le debris will be managed as deri•,<ed TRU mixed waste. 

• Characterize containers of waste, based on the waste containers that were 
damaged and any analytical results from sampling. 

• Stack the repackaged and deri'led 1Nastes against the face of the remainder of the 

stack.f:i!P~if:~:m;m~M~!P.t:!o9:]9!r!v~Jli.~!t::rsP:n~i~m~ll::::!n!9:::::~h~tW!!tlt:~~im:::'@~ 
~eP:t~tP:r!liJ:~m::::µ:e,911~u~ns:::~1i: 

M::::::::11~£111m1:::1tJ!Jnir::19::P:P:rmm1!::m.1:::e11121!i:;2P1tit11n1:::§rm111P:::~111,:::1:1:11~::19!ym 
11moo:1.::::11~~::=:en:::;@9~!9nn!9i:!::::~tm!!!!iml::;fm::::i::::911,1B!~~1::=:1it~1::::i~~~~~11m!ffi 

22 • Document activities and record results. 
23 

24 Structural Integrity Emergencies 
25 

25 The unique nature of the WIPP geologic repository makes the possibility of structural integrity 
21 failure in the underground implausible. In the unlikely event of a WIPP facility emergency 
28 involving underground structural integrity, the situation will be handled as a natural emergency. 
29 Monitoring and inspection procedures ensure the safety and integrity of the WIPP facility 
30 underground. 
31 

32 In response to an imminent threat to waste container integrity or worker safety, the following 
33 steps will be taken: 
34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

• Waste containers at the face of the disposal stack will be checked for radiological 
contamination 

• The RCRA Emergency Coordinator will determine if any waste must be removed 
and repackaged, or if the area should be abandoned without further 
waste-management activity. If abandonment is selected, the area will undergo 
closure as discussed in the facility Closure Plan. If removal is determined to be 
required, waste containers may be moved to another room. 
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29 G-4e Prevention of Recurrence or Spread of Fires. Explosions. or Releases 
30 

31 During an emergency, the RCRA Emergency Coordinator will ensure that reasonable measures 
32 are taken so that fires, explosions, and releases do not occur, recur, or spread to TRU mixed 
33 waste or other hazardous materials at the facility, as required under 20 NMAC 4.1, Subpart V, 
34 §§264.56(e) and (f). These measures include: 

• Stopping processes and operations 

• Collecting and containing released wastes and materials 

35 

36 

37 

38 

39 

40 

41 

42 

• Removing or isolating containers of waste or hazardous materials posing a threat 
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• Ensuring that wastes managed during an emergency are handled, stored, or 
treated with due consideration for compatibility with other wastes and materials on 2 

site and with containers utilized (Section G-4h, below) 3 

• Restricting personnel not needed for response activities from the scene of the 4 

incident 5 

• Evacuating the area 6 

• Curtailing nonessential activities in the area 1 

• Conducting preliminary inspections of adjacent facilities and equipment to assess 8 

damage 9 

• Overpacking and/or removing damaged containers/drums from affected areas. 10 

Damaged equipment and facilities will be repaired as appropriate 11 

• Constructing, monitoring, and reinforcing temporary dikes as needed 12 

• Maintaining fire equipment on standby at the incident site in cases where ignitable 13 

liquids have been or may be released and ensuring that all ignition sources are 14 

kept out of the area. Ignitable liquids will be segregated, contained, confined, 15 

diluted, or otherwise controlled to preclude inadvertent explosion or detonation. 16 

No operation that has been shut down in response to the incident will be restarted until 11 

authorized by the RCRA Emergency Coordinator. Sections G-4g, Incompatible Waste, and G-4h, 18 

Post-Emergency Facility and Equipment Maintenance and Reporting, address specific issues 19 

related to decreasing the possibility of a recurrence or spread of a release, a fire, or an 20 

explosion. 21 

1ur:::m!P:J4.!l!tt:::m1:::~11~:::mm!m~;:::::"::::B.2e!:::g;:µ~:::~n!!¥1!!::::11!!:L~:@?:9:n1.W:11m:::!P:J:'=iv!~::::1m::!!mv11rn1: 22 

i.mm:::::!!mv11:::::~1:E:111111n!i::::fgt:::=111tm!:ni.t!sm:]2t::::~1µ~=;:::::;m.tt::!n!::::@9n1q,9y1::::!111m=::@1;m::::~:::::r1tt:v10~ 23 

rmrf!n111:: 24 

G-4f Management and Containment of Released Material and Waste 25 

Once initial release or spill containment has been completed, the RCRA Emergency Coordinator 26 

will ensure that recovered hazardous materials and waste are properly stored and/or disposed, 21 

as required by 20 NMAC 4.1, Subpart V, §264.56(g). For spills of liquid, the perimeter of the 28 

spill will be diked with an absorbent material that is compatible with the material(s) released. 29 

Free-standing liquid will be transferred to a marked compatible container. The remaining liquid 30 

will be absorbed with an absorbent material and swept or scooped into a marked compatible 31 
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container. Spill residue will be removed. Spills of dry material will be swept or shoveled into a 
labeled compatible recovery container. Material recovered from the spill will be transferred to 
clean containers or tanks or to containers or tanks that have held a compatible material. All 
containers will meet U.S. Department of Transportation (DOT} specifications for shipping the 
wastes, and materials will be recovered. 

Nonradioactive hazardous waste resulting from the cleanup of a fire, an explosion, or a release 
involving a nonradioactive hazardous waste or hazardous substance at the WIPP facility will be 
contained and managed as a hazardous waste until such time as the waste is disposed of, or 
determined to be nonhazardous, as defined in 20 NMAC 4.1, Subpart II, Subparts C and D. In 
most cases, hazardous materials inventories for the various buildings and areas at the facility 
will allow a determination of the hazardous materials present in any cleanup of a release or of 

~'~~,i~~~;;.1~1i~~~:oom!i~:~§ii~:1:~i~:~:!;i~~~'~!!!!~i!i~~!!i~~!~!~~!i~~~!!!~!i!!~1~ 
be collected and analyzed to determine the presence of any hazardous characteristics and/or 
hazardous waste constituents; this information is needed to evaluate disposal options. EPA
approved sampling and analytical methods (e.g., SVV 846 moelifeel proceelures) will be utilized. 
Hazardous wastes will be transferred to the Hazardous Waste Staging Area. The staging area 
is used to store hazardous waste awaiting transfer to an off-site treatment or disposal facility in 
accordance with applicable regulations (e.g., 20 NMAC 4.1 and DOT regulations). The 
Hazardous Waste Staging Area for nonradioactive hazardous waste is Buildings 474A & 4748, 
as shown in Figure G-1. Nonradioactive hazardous wastes will be shipped off-site for disposal 
at a RCRA permitted disposal facility. 

25 Under normal operations, administrative controls will be implemented to ensure that hazardous 
26 materials and incompatible materials will not be introduced to the radioactive materials area 
21 during TRU mixed waste handling operations. Examples of administrative controls include 
28 restricting the waste received in the TRU mixed waste management area(s) to TRU mixed waste 
29 properly manifested from the generator sites and ensuring that materials used in these area(s) 
30 are restricted to only those that have previously been determined to be compatible with the TRU 
31 mixed waste. The RCRA Emergency Coordinator will have access to building design information 
32 and information on specific equipment used within an area upon which to base a determination 
33 of the compatibility of materials with the area. If necessary, the RCRA Emergency Coordinator 
34 will use EPA-600/2-80-076, "A Method for Determining the Compatibility of Hazardous Waste," 
35 (EPA, 1980) for making compatibility determinations. Waste resulting from the cleanup of a fire, 
36 explosion, or release in the miscellaneous unit and the TRU mixed waste handling area will be 
37 derived from the received TRU mixed waste and will be treated and managed as TRU mixed 
38 waste. 
39 

40 In the event of a prolonged cessation of TRU mixed waste handling operations, TRU mixed 
41 waste can be placed in areas of the WHB that are available for such contingencies. These areas 
42 and the TRU mixed waste containers in them would be located so that adequate aisle space 
43 would be maintained for unobstructed movement of personnel and equipment in an emergency. 
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Each shipping cask contains one canister of waste. Chapter D describes the HWMUs in detail, 
including the facility description, support structures and equipment, security, waste handling 2 

areas, ventilation, and fire protection. 3 

The contaminated area will be decontaminated. If a release is to a permeable surface, such as 4 

soil, asphalt, concrete, or other surface, the surface material will be removed and placed in oo+- 5 

appFO'led shipping containers:11m1~ms::@eeil!~:P:!!::m11:194j,fjl!n!~- Contaminated soil, asphalt, 6 

concrete, or other surface material, as well as materials used in the cleanup (e.g., rags and 1 

absorbent material) will be contained and disposed of in the same manner as dictated for the 8 

contaminant. Clean soil, new asphalt, or new concrete will be emplaced at the spill location. 9 

If a spill occurs on an impermeable surface, the surface will be decontaminated with water and/or 10 

a detergent. In the event that the spilled material is water reactive, a compatible nonhazardous 11 

cleaning solution will be used. Contaminated wash water or cleaning solution will be transferred 12 

to an appropriate container, marked, and managed as described above for nonradioactive or 13 

radioactive liquid wastes. 14 

In the event of a hazardous material or hazardous waste release, the RCRA Emergency 15 

Coordinator will ensure that no wastes will be received or disposed of in the affected areas until 16 

cleanup operations have been completed. This is to ensure that incompatible waste will not be 11 

present in the vicinity of the release. 18 

;m~:;~mii;:if=m~;,1::§;::;;~::iiil;iii1~:~a~\i!~~,i~::t::0;~~0:·!~~!~!~~~!~~TI-r=~~~ :~ 
contain any incompatible wastes. However, the areas established for the temporary holding of 21 

nonradioactive waste routinely generated at the WIPP facility is divided into bays to 22 

accommodate the management of wastes that may be incompatible. If waste is generated as 23 

the result of a spill or release of hazardous materials or nonmixedq§\91919@9!¥!: hazardous 24 

waste, the waste generated as a result of abatement and cleanup will be evaluated to determine 25 

its compatibility with other wastes being managed in the temporary holding areas. The 26 

evaluation will be by identifying the material or waste that was spilled or released and 21 

determining its characteristics (e.g., ignitable, reactive, corrosive, or toxic). The waste generated 28 

by the abatement and cleanup activities will be stored in that part of the temporary holding area 29 

that has been established to manage wastes with which it is compatible. 30 

For small nonemergency liquid spills ("f:tm:;::i:::p,j:J~r9.P:n~:::~91111m::::i!:il!JijQ.::::9:~':m::~11:J~Mlil:::m11111 31 

9!nl~':::g~@R9n~ii!ni!!ani!:::::;:1,:::::::!@m:;:::::9f:Itff.'.lli!~9::::::tl,;m;:;:::;191!:::::::f;~l!8!n§:::ti]'!¥!R~fl~. spi11 control 32 

procedures will be used to contain and absorb free-standing liquid. The contaminated absorbent 33 

will be swept or shoveled into a compatible container and managed as described above. Ni 34 

n1~mm111:::199~9::::e1::::1s1~r11:;;:;::e1f::::11ti::=:e1119rli::::r1s9!r!::::1eeY.11:011ii~t:::m1:::m::]991,919~* ............... 35 
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G-4g Incompatible Waste 

3 Implementation of the TRU Waste Acceptance Criterial(~g: for the WIPP ensures that 
4 incompatible TRU mixed waste will not be shipped to the WIPP facility. Nonradioactive waste 
5 at the WIPP facility will be carefully segregated during handling and holding and will be 
6 transported within and off the facility. The RCRA Emergency Coordinator will not allow 
7 hazardous or TRU mixed waste operations to resume in a building or area in which incompatible 
8 materials have been released prior to ensuring that necessary post-emergency cleanup 
9 operations to remove potentially incompatible materials have been completed. In making the 

10 determination of compatibility, the RCRA Emergency Coordinator will have available the 
11 resources and information described in Section G-4b, Identification of Hazardous Materials. In 
12 addition, ES~H&RG Q\iepartment personnel will be available for consultation. Finally, the RCRA 
13 Emergency Coordinator may use EPA-600/2-80-076, (§11\::::J:~iQ)?'A MethoEI f.or Determining the 
14 Compatibility of l=lazarElol:ls \i\faste." 
15 

16 G-4h Post-Emergency Facility and Equipment Maintenance and Reporting 
17 

18 The RCRA Emergency Coordinator will ensure that emergency equipment that is located or used 
19 in the affected area(s) of the facility and listed in the Contingency Plan is cleaned and ready for 
20 its intended use before operations are resumed, as specified in 20 NMAC 4.1, Subpart V, 
21 §264.56(h)(2). Any equipment that cannot be decontaminated will be discarded as waste (e.g., 
22 hazardous, mixed, solid), as appropriate. The WIPP facility is committed to replacing any 
23 needed equipment or supplies that cannot be reused following an emergency. After the 
24 equipment has been cleaned, repaired, or replaced, a post-emergency facility and equipment 
25 inspection will be performed, and the results will be documented. 
26 

27 Cleaning and decontaminating equipment will be accomplished by physically removing gross or 
28 solid residue; rinsing with water or another suitable liquid, if required; and/or washing with 
29 detergent and water. Decontamination and cleaning will be conducted in a confined area, such 
30 as a wash pad or building equipped with a floor drain and sump isolated from the environment. 
31 Care will be taken to prevent wind dispersion of particles and spray. Liquid or particulate 
32 resulting from cleaning and decontamination of equipment will be placed in clean, compatible 
33 containers. Waste produced in an emergency cleanup in the TRU mixed waste handling areas 
34 is derived waste and will be emplaced in the underground derived waste emplacement area. 
35 Waste resulting from decontamination operations elsewhere in the WIPP facility will be analyzed 
36 for hazardous waste constituents and/or hazardous waste characteristics to ensure proper 
37 management. 
38 

39 When the WIPP facility has completed post-emergency cleanup of waste and hazardous residues 
40 from areas where waste management operations are ready to resume and the RCRA Emergency 
41 Coordinator has ensured that emergency equipment used in managing the emergency has been 
42 cleaned or replaced and is fit for service, the notifications will be made P.ii~~@l:@!§@:to the 
43 following: the EPA Region erw!: Administrator; the Secretary of the NMED; and any reievant local 
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authorities.such as emergency personnel in Carlsbad and ~ebbs. This post-emergency 
notification complies with 20 NMAC 4.1, Subpart V, §264.56(i), and is the responsibility of the 2 

RCRA Emergency Coordinator. 3 

G-4i Container Spills and Leakage 4 

The waste received at the WIPP facility must meet stringent waste acceptance criteria (i.e.~~!$~. 5 

no free liquids and less than 499§ percent residual liquids and stabilized particulate), which will 6 

minimize the chances of waste container degradation and the possibility of liquid or particulate 1 

spills in the miscellaneous unit and TRU mixed waste handling areas. The WIPP facility does 8 

manage drum quantities of lubricants, solvents, @n~!rrlnf:i!!]and recyclable spent solvents 9 

elsewhere at the facility. Should a spill or release occur from a container, the WIPP facility will 10 

immediately take the following actions in compliance with 20 NMAC 4.1, Subpart V, §§264.52(a) 11 

and §264.171: 12 

• Assemble the required response equipment, such as protective clothing and gear, 13 

heavy equipment, empty drums, overpack drums, and hand tools 14 

• Transfer the released material to a container that is in good condition or overpack 15 

the leaking container into another container that is in good condition 16 

• Once the release has been contained, determine the areal extent of migration of 11 

~I! release and proceed with appropriate cleanup action, such as chemical 18 

neutralization, vacuuming, or excavation. 19 

G-4j Tank Spills and Leakage 20 

The TRU mixed waste handling areas at the WIPP facility do not include tank storage or 21 

treatment of hazardous waste, as defined in 20 NMAC 4.1, Subpart I, §260.10, and as regulated 22 

under 20 NMAC 4.1, Subpart V, Subpart J. At the WIPP facility, tanks are used to store water 23 

and petroleum fuels only. The petroleum tanks store diesel and unleaded gasoline. 24 

G-4k Surface lmpoundment Spills and Leakage 25 

The WIPP facility does not manage hazardous or TRU mixed waste using a surface 26 

impoundment, as defined in 20 NMAC 4.1, Subpart I, §260.10, and as regulated under 20 NMAC 21 

4.1, Subpart V, Subpart K. Surface impoundment regulations are not applicable to the WIPP 28 

facility. 29 

G-5 Emergency Equipment 30 

A variety of equipment is available at the facility for emergency response, containment, and 31 

cleanup operations in both the HWMUs and the facility in general. This includes equipment for 32 
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spill control, fire control, personnel protection, monitoring, first aid and medical attention, 
2 communications, and alarms. This equipment is immediately available to emergency response 
3 personnel. A listing of major emergency equipment available at the WIPP facility, as required 
4 by 20 NMAC 4.1, Subpart V, §264.52(e), is shown in Table G-§~. Table G-£a identifies the 
5 locations where fire suppression systems are provided. Locations of the underground 
6 emergency equipment are shown in Figure G-5. The firefighting water-distribution system map 
7 is shown in Figure G-6. The underground fuel area fire-protection system is shown in 
8 Figure G-7. 
9 

10 G-6 Coordination Agreements 
11 

12 The VVIPP Carlsbad Area Office (CAO)ill!f(v~I has established Memoranda ef Understanding 
13 fMOUf:} with off-site emergency response agencies for firefighting, medical assistance, 
14 Piii.IPHii!iimi~i,!9,ili:j:jjfj~pgg§@i: and law enforcement. In the event that on-site response 
15 resources are unable to provide all the needed response actions during either a medical, fire, 
16 tl!;.1!19Y!]!@@~@tl!~!i::]or security emergency, the RCRA Emergency Coordinator will notify 
17 appropriate off-site response agencies and request assistance. Once on site, off-site emergency 
18 response agency personnel will be subject tei,pp~~ the direction of the RCRA Emergency 
10 Coordinator. 
20 

21 The MOUs with off-site cooperating agencies are available from the DOE. A listing and 
22 description of the MOUs with state and local agencies and mining operations in the vicinity of 
23 the WIPP facility, as required by 20 NMAC 4.1, Subpart V, §§264.37 and 264.52(c), are: 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

• An agreement among the DOE, the WIPP Management & Operating Centracter 
fMOC)-, Mississippi B9tll~::::!!!!99i:Chemical Cerperatien, aRG-Western Ag Minerals 

cempanYisn9Y.!~4.t~HM:!nl:rl~!. U~Q!];)g#.l!:l!!t.G:s99¥!]ie~!!nm:mm::::t=:ta9.::::m111tMii!i9 
191in::;j(June 6, 1994) provides for the mutual aid and assistance in the form of 
MRTs in the event of a mine disaster or other circumstance at either of the two 
facilities. This provision ensures that the WIPP MOC will have two MRTs available 
at all times when miners are underground, as required by DOE Order 5480.4, 
Environmental Protection, Safety, and Health Protection Standards. 

• A joint powers agreement among the DOE; the City of Carlsbad, New Mexico; Eddy 
County, New Mexico; and the New Mexico Energy, Minerals, and Natural 
Resources Department for Alternate §\1§Emergency Operatiens Center (April 6, 
1994) provides for the coordination of emergency plans, including the GAG,IQ§ 
emergency radiological response plans; provides for participation in periodic 
exercises, drills, and training; provides for establishing and maintaining an alternate 
Emergency Operatiens Center@:IQ at the Living Desert State Park; and assigns 
responsibilities to the participants. 
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• A memorandum of agreement between the City of Carlsbad, New Mexico, and the 
WIPP MOC for ambulance service assistance (August 13, 1981) provides that, 2 

upon notification by the WIPP MOC, the Carlsbad Fire Department will be 3 

dispatched from Carlsbad toward the WIPP site by a designated route and will 4 

accept the transfer of patient(s) being transported by the WIPP facility ambulance 5 

at the point both ambulances meet. If the patient(s) is not transferrable, the 6 

Carlsbad Ambulance Service will provide equipment and personnel to the WIPP 1 

facility ambulance, as necessary. 8 

• A MOU between the CAO and the Guadalupe Medical Center Emergency 9 

Radiological Treatment Center for the Waste Isolation Pilot Plant (February 1, 10 

1994) provides for the treatment of radiologically contaminated personnel who have 11 

incurred injuries beyond the treatment capabilities at the WIPP facility. The CAO 12 

will provide transport of the patient(s) to the Guadalupe Medical Center Emergency 13 

Radiological Treatment Center for decontamination and medical treatment. 14 

• A MOU between the CAO and the Lea Regional Hospital Emergency Radiological 15 

Treatment Center for the WIPP (August 17, 1993) provides for the treatment of 16 

radiologically contaminated personnel who have incurred injuries beyond the 11 

treatment capabilities at the WIPP facility. The CAO will provide transport of the 18 

patient(s) to the Lea Regional Hospital Emergency Radiological Treatment Center 19 

for decontamination and medical treatment. 20 

• A MOU between the DOE, represented by the CAO, and the U.S. Department of 21 

Interior (DOI}, represented by the Bureau of Land Management (BLM}, Roswell 22 

District (July 19, 1994), provides for a fire-management program that will ensure 23 

a timely, well-coordinated, and cost-effective response to suppress wild fire within 24 

the withdrawal area using the WIPP incident commander for fire-management 25 

activities. The DOI will provide firefighting support if requested. In addition, the 26 

MOU provides for responsibilities concerning cultural resources, grazing, wildlife, 21 

mining, gas and oil production, realty/lands/rights-of-way, and reclamation. 28 

• A mutual-aid firefighting agreement between the Eddy County Commission and the 29 

DOE (February 1, 1994) provides for the assistance of the Otis and Joel Fire 30 

Departments (a volunteer fire district created under the Eddy County Commission 31 

and the New Mexico State Fire Marshall's Office), including equipment and 32 

personnel, at any location within the WIPP Fire Protection Area upon request by 33 

an authorized representative of the WIPP Project. These responsibilities are 34 

reciprocal. 35 

• Mutual-aid agreement between the City of Hobbs and the DOE (December 3, 1993) 36 

provides for mutual ambulance, medical, fire, rescue, and hazardous material 37 

response services; provides for joint annual exercises; provides for use of WIPP 38 

AU5-95/WP/WIPPARTB/REV5CR:CH-G G-45 01/12/96 9:45am 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 
Revision 5.2 

facility radio frequencies by the City of Hobbs during emergencies; and provides 
for mutual security and law enforcement services, within the appropriate jurisdiction 
limits of each party. 

• A mutual-aid agreement between the City of Carlsbad and the DOE (November 24, 
1993) provides for mutual ambulance, medical, fire, rescue, and hazardous material 
response services; provides for joint annual exercises; provides for use of WIPP 
facility radio frequencies by the City of Carlsbad during emergencies; and provides 
for mutual security and law enforcement services, within the appropriate jurisdiction 
limits of each party. 

G-7 Evacuation Plan 

AU5-95N-IP/VV1PPARTB/REV5CR:CH-G G-46 01/12/96 9:45am 



G-7a 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

· .• u11ifoe::evaauatidiMOnf&.ltimtifid 1 

2 

Figure G-8 shows the aboveground ~staging areas. Personnel report to their 3 

Office Wardens at designated staging areas:g;[~;!ii999~1§!~!1]!:99!99Mi9· If site evacuation 4 

is necessary, the RCRA Emergency Coordinator will decide which staging areas are to be used 5 

and will advise Office Wardens of the selections. The RCRA Emergency Coordinator will 6 

communicate the locations to Office Wardens via il!St!i!Wiri!P::i:!P:ii.i(ijjradio, plectron, WIPP 1 

Security, or telephone, as appropriate. Office Wardens will direct personnel to the selected a 
staging area outside the security fence~. Personnel who are working in a 9 

contaminated area when site evacuation is announced, will muster@!!!rr!§!! at specific staging 10 

areas to minimize contact with other personnel during the evacuation (Figure G-8). Potentially 11 

12 

staging areas. 13 

am2~M:11=1rtln!=:::::g,991!i!m:::::ieR1\i!:n1P:~!~>{::::9~:::::1;1990:1r:::::~!~l~.ni~t:::~9::::~n11r:::::!1!e!~!e'::11~!~[:::::::1§t 14 
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G Underground Assembly Areas 30 

31 

egress hoist station (Figure G Q) to be accounted fer and to await directions fer evacuation to 32 

the surface. Personnel ·.vho are v1orking in a contaminated area when underground evacuation 33 

is announced v1ill muster at a staging area near the egress hoist station but will not physically 34 

contaGt personnel in egress hoist stations. Assembly areas have mine pagers, telephones, 35 

evacuation maps, and first aid kits a•.iailable to assist workers in responding to the emergency. 36 
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~mmi:?!it!~¥:::::rf:ma::::t9=::::1!1!:m1!1:::1r11!]9eemr:::111e!lfEi!l!i!mitie~~::=::m:m;::::::121~Mit:::99~rits!i!tm: 
11w1r::::1t:::Y!nt!J.1~11J1);J::af:=::!aP::4.9!!m!J.!wt:i~::mt9!l•:;:::::1n1:::::9rt1111sm1ul!u::::~:::::i¥!9:9!ttsrn::::a111 
~:n!mrsr1:4:n~::::19n1m~!ir=:=:1!H!!PP:m!~P:m::::I9:rhl!:g,9!rsr1:9nr,u19999:1i!~!~Y:]~Y:::P9mm!nm1:::111:::1riii 
n9m!!r~t:iim:::!~1:::em1:::~1a1::1w.n~?:Jim::rn1:::~mi:::11m1r2imf::::::::s1m:::i11!mP:~Y.i:::1:11:::11m1i11:::1::1m! 
re1111m~eni~::::mjnii::::im::::~11!11m:;::::1n1::M¥iiMl!in:::1121i: 

11 J:rt:~2i9r110P:s:11,m::mP::J¥!f1:::1g:;:1::'=@!tl1::mJ,ns:::oo1.!nt!!n~:Jt#::f:sgP:g!limrn1'-1:1!~mm111~t:=1m; 
12 sii!smll9=:=:::@1::::::111r1a::::::m11=1:::::§~i~!inii:::::::::::min::::::1.m:::,,:mn!irs:19991:!v!m1~!P:n::::::11]:91u1:t:=:::1r.~:=::]~!~ 
13 smi~lri4n9U;),~:fienmmrnr~P:11,:::t9:::~rni::::s1111::::!1P:~11:::1t!!P:n~;: 
14 

15 ¥112111m!ml~!1m::::9u91a!riti9tm::::~11n:tw~:1:::~!!:cB::::e99999t~mMm!::::~111:::::11Y.t1~=::g~~999~;:::tsr 
16 !!:rr,~:::1~~nt1.m1n1~~2rrn::::19nl!m!:o1!11:::P:1t!enn~m1t1:::tm1n1!::19::111:10=:::11:s.tl3.119::1101:::11m1r 
17 m119:an1nso.~n:::t11::::~m9:0.n1:1::::mo.::::r11ans:m~:::1~~M:!91P!n~:::~mm111::::9fi11ra1sn!']::1e§i.11n;: 
18 

19 G-7c Plan for Surface Evacuation 
20 

21 Notification for site evac1::1ation will be FRade 1::1sing the eFRployee notification proced1::1res in 
22 Section G 4a, above. Evac1::1ation of s1::1rface facilities will occ1::1r 1::1pon so1::1nding the evac1::1ation 
23 alaFTll or 1::1pon instF1::1stion froFR the OUice \l\larden(s). Evac1::1ation ro1::1tes and instructions are 
24 posted thro1::1gho1::1t the site. (NOTE: 'IVhen the s1::1rface is evac1::1ated, the 1::1ndergro1::1nd will 
25 norFRally also be e•1ac1::1ated.) 
26 

27 OUice \AJardens will be notified of site e11ac1::1ation by CMRO or evac1::1ation alarFRs. OUice 
28 \AJardens will instr1::1ct personnel to leave their work stations in an orderly FRanner and to FR1::1ster 
29 at the designated staging area (Fig1::1re G 8). OUice \'Varden responsibilities incl1::1de: 
30 

31 

32 

33 

34 

35 

• Maintaining order d1::1ring the evac1::1ation 
• Oiresting personnel to the staging area froFR the 01::1tside asseFRbly area 
• Acco1::1nting for personnel at the staging area 
• Reporting res1::1lts of personnel acco1::1nting to the Assistant Chief OUice \'Varden. 

36 EFRployees are to ens1::1re that visitors they are escorting accoFRpany theFR to the asseFRbly area. 
37 

38 The Chief OUice \l\larden's d1::1ties incl1::1de: 
39 

40 

41 

42 

43 

• Maintaining order at the asseFRbly area 
• Directing OUice 'A'ardens at the asseFRbly area 
• Receiving reports froFR the OUice \l\lardens regarding personnel acco1::1nting 
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• Reporting to the RCRA emer=gency Coordinator 
• Accounting for personnel at the assembly area. 
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2 

Personnel with assigned duties that prevent their immediate departure from the site during an 3 

evacuation (e.g., eRT personnel and FLIRT personnel) will report to their duty stations for 4 

instructions. These personnel will not evacuate until released by the RCRA emer=gency 5 

i&l~.miitl\t1~111111•: 
m~P.1:::11110.1mi11::~ni::];eJmmi:mMrf::::1,;ty:::P@9!t:~grn~1P!n~m11:=:~n:::1,91,m.m~9::~1@;::::~~~!1rnni:mP:g,m: 9 

wm::::,np1::::91p,11::::~ng=:::1:w.1::::99nmi:::::m,M::!vi94i!19m~:::::19!::::1m:::'::r~P:?~,:=:=~~Hll~]sl&::::tt1r::::1n1~1m!en1]1n1 10 

@;~;n~am1mmtng:::s1&::mBUn!1::trn!:::smV1::§:r:r,1e2nii:=:m1mP:!ri::::r1riiin~f::::::m11~:::P:!rlsmm1:'m!~ 11 

n9l:i!¥i9!H@!'=E9mt1!:::r@J,s!ii9::::~¥:::~nim~sa::::smiri!ns>M~2sm~mi~2:r;,: 12 

G-7d Plan for Underground Evacuation 13 

Notification for underground evacuation will be made using the underground evacuation alarm 14 

and strobe light signals. This notification equipment is battery poweredpi!i)§il!i!MtiiitlBi:Pigf 15 

and will continue to operate in the event of a power outage. 1s 

Personnel will evacuate to the nearest egress hoist station. (Figure G 9). If the incident requires 11 

immediate evacuation of the under=ground (e.g., po1Ner outage, surface or under=ground fire), 18 

underground personnel will be instructed to go to any hoist for transport to the surface. Primary 19 

underground evacuation routes (identified by green reflectors on the rib) will be used, if possible. 20 

Secondary underground evacuation routes (identified by red reflectors on the rib) will be used 21 

if necessary (Figure G-5). Brass tags will be collected from personnel at the hoist collar on the 22 

surface, and numbers will be reported~@!~~t::jto the Underground Dispatcher@g@~l!Jlf*;j:j;)IPB 23 

If the incident does not require immediate evacuation of the under=ground, the supervisors will 2s 
recor=EI the numbers of the brass tags from employees at the egress hoist station assembly area 21 

and will report all numbers to the Under=ground Dispatcher on the surface. Personnel will await 28 

further instructions at the staging area. 29 

In either case, uQpon reaching the surface, personnel will report to their 9mt!!!m::=staging area to 30 

receive further instructions. 31 
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1 

2 

3 

4 

5 

6 
-

7 G-7e Further Site Evacuation 
8 

9 In the event of an evacuation involving the need to transport employees, the following 
10 transportation will be available: 
11 

12 • Buses/vans-WI PP facility buses/vans will be available for evacuation of personnel. 
13 The buses/vans are stationed in the employee parking lot. 
14 

15 • Privately Owned Vehicles-Because many employees drive to work in their own 
16 vehicles, these vehicles may be utilized in an emergency. Personnel may be 
11 directed as to routes to be taken when leaving the facility. 
18 

19 These vehicles may be used to transport personnel who have been released from the site by the 

20 Chief omce \/VamenBQl!li]im~tii:oe¥I!99f:l~nlt9:t. 
21 

22 G-8 Required Reports 
23 

24 The ESH & RC OepartmentfjeJiliii§filtfStPiiiiifflipg(jiJi\t@f~iiii§ljii!Rifi!!fiipfii~fii)ii:QQ§~ must note in 
25 the operating record the time, date, and details of any incident that requires implementing this 

26 Contingency Plan. Jm§i!ii!p§ti~!ern:'::::wml]!ii]~!}]i~fijliill!~i]l!i9iii!ii!i,1'-~9~~~!}11,il'lilipil:i::m1::::::RIBll]]::1 n 
21 compliance with 20 NMAC 4.1, Subpart V, §264.560), within 15 days after the incident, the 

28 RCRA Emergency Coor:9inator\l@:f:!l,!:tl,!Pfifpp!i!§!!i!1=19iii~!f?~ij'§!!l!f!!:::fl!O!l!r will ensure that 
29 a written report on the incident will be submitted to the EPA Region el!i Administrator and to the 
30 Secretary of the NMED. The report must include: 
31 

32 • The name, address, and telephone number of the Owner/Operator 
33 

34 • The name, address, and telephone number of the facility 
35 

• The date, time, and type of incident (e.g., fire, explosion or release) 

• The name and quantity of material(s) involved 

• The extent of injuries, if any 

36 

37 

38 

39 

40 

41 

42 

43 

• An assessment of actual or potential hazards to human health or the environment, 
where this is applicable 
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• The estimated quantity and disposition of recovered material that resulted from the 
incident. 2 

In addition to the above report, the RCRA Emergency CoordinatorWJ!]l'=9it~·!]MiBiQ~f will 3 

ensure that the ES~H-&-RG Manager, or designee, submits reports to the appropriate agencies 4 

as listed in Tables G-$4 and G-ga.. 5 

In accordance with 20 NMAC 4.1, Subpart V, §264.56(i), the DOE will notify the Secretary of the 6 

NMED and EPA Region &:M! Administrator that the WIPP facility is in compliance with 1 

requirements for the cleanup of areas affected by the emergency and that emergency equipment 8 

used in the emergency response has been cleaned, repaired, or replaced and is fit for its g 

intended use prior to the resumption of waste management operations in affected areas. The 10 

means the WIPP facility will use to meet these requirements are described in Sections G-4e, 11 

G-4f, G-4g, and G-4h. 12 

G-9 Location of the Contingency Plan and Plan Revision 13 

The owner/operator of the WIPP facility will ensure that copies of this Contingency Plan are 14 

present at controlled-document locations throughout the facility and are, consequently, available 15 

to all emergency personnel and organizations described in Section G-B:g. In addition, the owner/ 15 

operator will make copies available to the following outside agencies: 11 

• Mississippi=']!!i@,~!O!i!:::::::::l!JifChemical Corporation;: and Western Ag Mineral 18 

companyl9.io9i!~li!ri:::::1~o!ri!irn::::!Ml::rni~!~''=!ri.::::it2¥:::ei~i!,;E!iMBm::~rn;mr;11:::M!i!ie 19 

19mi~lj 20 

• New Mexico Energy, Minerals, and Natural Resources Department for Alternate 21 

Emergency Operations Center$Q8 at the Living Desert State Park Office, Carlsbad 22 

• Carlsbad Fire Department;.:::::Qir!i!li 23 

• Guadalupe Medical Center, Carlsbad 24 

• Lea Regional Hospital, Hobbs 25 

• Otis Fire Department, Otis 26 

• Hobbs Fire Department, Hobbs 27 

28 

• BLM, Carlsbad 29 
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• New Mexico State Police. 

5 The owner/operator of the WIPP facility will ensure that this plan is reviewed annually and 
6 amended whenever: 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

• Applicable regulations are revised 

• The RCRA Part B permit for the WIPP facility is revised in any way that would 
affect the Contingency Plan 

• This plan fails in an emergency 

• The WIPP facility design, construction, operation, maintenance, or other 
circumstances change in a way that materially increases the potential for fires, 
explosions, or releases of hazardous waste or hazardous constituents or change 
the response necessary in an emergency 

• The list of RCRA Emergency Coordinators change 

• The list of WIPP facility emergency equipment changes. 
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HAZARDOUS SUBSTANCES IN LARGE ENOUGH 
QUANTITIES TO CONSTITUTE A LEVEL II INCIDENT 

Chemical Discription Building Location Hazard Category 

Ethylene Glycol Solution - 35% Buildings 411; 412; 451; 452; Immediate (acute) 
486; 463; 474C; Delayed (chronic) 
FAC 414 

Gasoline, Unleaded FAC 480 Fire 
GASC0001 Immediate (acute) 

Delayed (chronic) 

No. 1 Diesel Fuel Oil S-1300 Maint Shop U/G; Fire 
GASC0210 FACs 480, 255.1 & 255.2; Immediate (acute) 

Transport Tank; Delayed (chronic) 
Building 456 
Trlr 911F 

G-55 
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RESOURCE CONSERVATION AND RECOVERY ACT 
EMERGENCY COO ROI NA TORS 

I I 
Office 

I 
Home 

I Name Address* Phone Phone* 

G. A. (Gerry) Burns (primary)1 234-8276 or 234-8635 

R. A. (Richard) Marshall (primary)1 234-8276 or 234-8695 

R. E. (Bob) Wade (primary)1 234-8272 

T. J. (Tim) Wygant (primary)1 234-8276 or 234-8377 

J. R. (Joe) Franco (primary)1 234-8276 or 234-8641 

M. B. (Byron) Cherry2 234-8276 or 234-8635 

B. J. (James) VanWinkle2 234-8276 

G. L. (Garrod) Ashford2 234-8272 

R. C. (Russ) Stroble2 234-8554 

*NOTE: Personal information (home addresses and phone numbers) has been removed from information copies of this application. 

1The on-duty Facility Shift Manager is the primary RCRA Emergency Coordinator pursuant to 20 NMAC 4.1, Subpart V §264.52, and 
is designated to serve as the RCRA Emergency Coordinator. 

2The on-duty Facility Operations Engineer is the alternate RCRA Emergency Coordinator and is available as needed. 
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PLANNING GUIDE FOR DETERMINING INCIDENT LEVELS AND RESPONSE 

INCIDENT INCIDENT LEVEL 

CONDITION 
I II* Ill * 

Product identifications Placard not required, NFPA 0 or 1 all DOT placarded, NFPA 2 for any Poison A (gas), explosive A/B, organic 
categories, all Other Regulated Materials categories, PCBs without fire, EPA peroxide, flammable, solid, materials 
A, B, C, and D. regulated waste. dangerous when wet, chlorine, fluorine, 

anhydrous ammonia, radioactive 
materials, NFPA 3 and 4 for any 

SITE SPECIFIC: Table G-1 and TRU categories including special hazards, 
waste PCBs and fire including special hazards, 

PCBs and fire DOT inhalation hazard, 
EPA extremely hazardous substances, 
and cryogenics. 

SITE SPECIFIC: Remote handled TRU 
waste 

Container size Small (e.g., pail, drums, cylinders except Medium (e.g., 1-ton cylinder, portable Large (e.g., tank cars, tank trucks, 
1-ton, package, bags). containers, nurse tanks, multiple small stationary tanks, hopper cars/trucks, 

packages). multiple medium containers). 

Fire/explosion potential Low. Medium. High. 

Leak severity No release or small release contained or Release may not be controllable without Release may not be controllable even 
confined with readily available resources. special resources. with special resources. 

Life safety No life-threatening situation from Localized area, limited evacuation area. Large area, mass evacuation area. 
materials involved. 

Environmental impact (Potential) Minimal. Moderate Severe. 

Container integrity Not damaged. Damaged but able to contain the Damaged to such an extent that 
contents to allow handling or transfer of catastrophic rupture is possible. 
product. 

NOTE: Table G-7 was derived from NFPA 471, Responding to Hazardous Materials Incidents, Table 3-1, Planning Guide for Determining Incident Levels, Response, and Training. 

* Contingency Plan is implemented 
,-
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TABLE G-4 
PHYSICAL METHODS OF MITIGA TION5 

METHOD CHEMICAL BIOLOGICAL 

GASES LIQUID SOLUTION GASES LIQUID 

LVP. HVP- LVP. HVP-

Absorption yes yes yes no no no yes4 

Covering no no yes yes no no yes 

Dikes, Dams, Diversions & yes yes6 yes yes no no yes 
Retention 

Dilution yes yes yes yes no no no 

Overpack yes no yes yes yes no yes 

Plug/Patch yes yes yes yes yes yes yes 

Transfer yes no yes yes yes no yes 

Vapor Suppression no no yes yes no no yes 
(Blanketing) 

Vacuuming no no yes yes no no yes 

Venting1 yes yes yes no yes no no 
ow va--- ----· ·--P' 

**High Vapor Pressure 

SOLUTION 

no 

yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

no 

WIPP RCRA Part B Permit Applicat 
DOE/WIPP 91-00::i 
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RADIOLOGICAL 

GASES LIQUID SOLUTION 

LVP. HVP-

no no yes no 

no no yes3 yes3 

no no yes yes 

yes no yes yes 

yes no yes yes 

yes yes yes yes 

yes no yes yes 

no no no no 

no no yes yes 

yes2 no no no 

1. Venting of low-vapor-pressure gases is recommended only when an understanding of the biological system is known. Venting is allowed when the bacteriological system is known to be 
non-pathogenic, or if methods can be employed to make the environment hostile to pathogenic bacteria. 

2. Venting of low-vapor-pressure radiological gases is allowed when the gas(es) is/are known to be alpha or beta emitters with short half-lives. Further, this venting is only to be allowed 
after careful consultation with a certified health physicist. 

3. Covering should be done only after consultation with appropriate experts. 
4. Absorption of liquids containing bacterial is permitted where the absorption bacteria or environment is hostile to the bacteria. 
5. For substances involving more than one type, the most restrictive control measure should be used. 
6. Water dispersion on certain vapors and gases only. 
NOTE: Table G-8 is taken from NFPA 471, Responding to Hazardous Materials Incidents, Table 6-4.1, Physical Methods of Mitigation5

• 
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TABLE G-5 
CHEMICAL METHODS OF MITIGATION 

METHOD CHEMICAL BIOLOGICAL 

GASES LIQUID SOLUTION GASES LIQUID 

Adsorption 

Burn 

Dispersion/Emulsification 

Flare 

Gelatin 

Neutralization 

Polymerization 

Solidification 

Vapor Suppression 

VenUBurn 

*Low Vapor Pressure 
-High Vapor Pressure 

LVP. HVP-

yes yes 

yes yes 

no no 

yes yes 

yes no 

yes1 yes4 

yes no 

no no 

yes yes 

yes yes 

LVP. 

yes no yes3 

yes yes yes 

yes yes no 

yes no yes 

yes yes yes3 

yes yes2 no 

yes yes no 

yes no no 

yes yes yes 

yes no yes 

1. Technique may be possible as a liquid or solid neutralizing agent, and water can be applied. 

2. When solid neutralizing agents are used, they must be used simultaneously with water. 
3. Technique is permitted only if resulting material is hostile to the bacteria. 

4. The use of this procedure requires special expertise and technique. 

HVP-

yes yes3 

yes yes 

no yes3 

yes yes 

no yes3 

no no 

no no 

no yes3 

yes yes 

yes yes 

SOLUTION 

no 

yes 

no 

no 

yes3 

no 

no 

no 

yes 

no 

NOTE: Table G-9 was taken from NFPA 471, Responding to Hazardous Materials Incidents, Table 6-4.2, Chemical Methods of Mitigation. 
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RADIOLOGICAL 

GASES LIQUID SOLUTION 

LVP. HVP .. 

no no 

no no 

no no 

no no 

no no 

no no 

no no 

no no 

yes yes 

no no 

no no 

no no 

no no 

no no 

no no 

no no 

no no 

no no 

yes yes 

no no 

' ' 01115/96 1:0.>am 



Equipment 

Building Fire Alarms 

Underground Fire 
Alarms 

Sitewide Evacuation 
Alarm 

Vehicle Siren 

Public Address 
System 

lntraplant Phones 

Mine Page Phones 

Pagers 
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DOEIWIPP 91-005 

Revision 5.2 

TABLE G-6 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

Communications 

Manual and automatic; activation of automatic sprinkler system Guard and Security Building, 
triggers fire alarm; locally audible, visual display and alarm in Central Pumphouse, Warehouse/Shops, 
Monitoring Room (CMR) Exhaust Filter Building, Support 

Building, CMR/ Computer Room, 
Waste Handling Building, 
TRUPACT Maintenance Facility, 
Salt Handling (SH) Shaft Station, 
Waste Shaft Station, 
Underground Fuel Station, 
SH Hoisthouse, Maintenance 
Shops, Guard Shack*, Auxiliary 
Warehouse, Core Storage 
Building, Engineering Building, 
Training Facility, Safety Building 

*local alarms; not connected to 
the CMR 

Automatic/Manual; have priority over other paging channel signals Fire detection and control panel 
but not override intercom channels; alarms sound in the general locations: Waste Shaft, SH 
area of the control panel and are connected to the underground Shaft, Panel 1 (outside room 1), 
evacuation alarms; they also interface with the CMR. E-O/N-1200, Fuel Station #2 

Transmitted over paging channel of the public address system, Sitewide 
overriding its normal use; manually initiated according to procedures 
requiring evacuation; automatically initiated by underground fire 
alarm systems for underground areas; audible alarm produced by 
tone generator at 10 decibels above ambient noise level (or at least 
75 decibels); flashing strobe lights supplement audible alarm in high 
ambient noise areas; radios and/or pagers are used to notify facility 
personnel outside alarm range. Monthly test are performed on the 
PA, site notification alarms, and plectrons. 

Manual; oscillating; emergency services/response vehicles, is WIPP emergency vehicles 
mechanical and electronic. 

Includes intercom phones; handset stations and loudspeaker Surface and underground 
assemblies, each with own amplifiers; multichannel, one for public 
address and pages, and others for independent party lines. 

Private automatic branch exchange; direct dial; provide Throughout surface and 
communication link between surface and underground operations underground 

Battery-operated paging system CMR, Mine Rescue Room, EOC, 
underground, and FSM desk. 

Manual; broadcast high-intensity, intermittent alarm signals for up to Issued to individuals 
60 seconds 

G-60 



Equipment 

Plectrons 

Portable Radios 

Plant Base Radios 

Mobile Phones 

SPILL-X-S Guns and 
Recharge Powder 

Absorbent Sheets 

Absorbents 

Absorbent Material 

Air Bag System 

Air Chisel 
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TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

Tone-alert radio receivers placed in areas not accessible by the Sitewide 
public address system 

Two-way, portable; transmits and monitors information to/from other Issued to individuals 
transmitters 

Two-way, stationary, UHF/ VHF-FM; linked to Eddy County and Lea Various site locations 
County Sheriff Departments, NM State Police, Carlsbad Emergency 
Radio (Carlsbad ambulance, fire, HAZMAT and police, Guadalupe 
Medical Center, and Otis Fire Department), and WIPP Channels 1-4 
(Site Security, Site Operations and Site Emergency, maintenance, 
repeater to Carlsbad) 

Provide communications link between WIPP Security and key Issued to individuals plus 
personnel emergency vehicles, 

Spill Response 

Containment; HAZMA T trailer 
(1)SPILL-X model SC-30-C(Gun) 
(1)SPILL-X model XC-30-S(Gun) 
(1)SPILL-X model SC-30-A(Gun); 
(1) A-Acid, 5 gallon bucket (Recharge Powder) 
(1)S-Solvent, 5 gallon bucket (Recharge Powder) 
(1)C-Caustic, 5 gallon bucket (Recharge Powder) 

Containment or cleanup; HAZMAT trailer 
(1) 3' x 100' Sheet 

Grab and Go container; spill control bucket; HAZMA T trailer 
(1) for solvents and neutralizing absorbents; 5 gallon bucket 
(1) for acids/caustics; 5 gallon bucket 

Containment or cleanup; HAZMA T trailer 
(1) 100 ft. rolled or equivalent socks" Pig" for general liquid 
(1) 100 ft. rolled or equivalent socks "Pig" for oil 

Extrication, Stabilization, Cribbing Surface rescue truck 
(1) bag system with tank kit and the following bag sizes: 
(1 )12-ton, 
(1) 21.8-ton, 
(1)17-ton 

Extrication Surface rescue truck 
(1) Capable of cutting 3/16" steel 
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Equipment 

Drum Transfer Pumps 
and Drum Opener 

Floor Squeegee 

Foam Concentrate 

Gas Cylinder Leak 
Control Kit 

Portable Generator 

Hand Tools 

Come-a-longs 

WIPP RCRA Part B Permit Application 
DOEANIPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

Containment or cleanup; HAZMA T trailer 
(1) unit for chemical transfer 
(1) hand operated pump for petroleum transfer 
(1) drum opener 

Containment or cleanup; HAZMA T trailer 
(1) straight rubber blade, nonwood handle 

AFFF 6% Fire truck # 1 
(4) 5-gallon pail 

(1)Series A Hazardous Material Response Kit; contains nonsparking HAZMA T trailer 
equipment to control and plug leaks 

(1)Backup power; 5,000 watt; 120 or 240 volt Surface rescue truck 

Containment and cleanup; Underground rescue truck, 
Underground rescue truck: HAZMA T trailer 
(1)12# Sledge Hammer 
(1)3/8" Drive Socket Set 
(1)1/2" Drive Socket Set 
(1)3/4" Drive Socket Set 
(1)25' 1/2" Chain 
(1)6' Wrecking Bar 
(1 )Bottle Jack 
(1)4# Hammer 
(1)18" Crescent Wrench 
(1)5' Pry Bar 
(1)2' Pry Bar 
(1)100' Extension Cord 
(1)4' Nylon Sling 
(1)6' Nylon Sling 
(1)10' Nylon Sling 
These tools are located in the HAZMAT Trailer. They are non-
sparking. 
(1)14"L adjustable pipe wrench 
(1)15" multi-opening bung wrench 
(1 )hammer/crate opener 
(1)8" pipe pliers 
(1 )8" blade Phillips 
(1)#2 screwdriver 
(1 )6" blade standard screwdriver 
(1)Claw Hammer 

( 1) 4-ton; cable-type Ratchet lever tool designed specifically for Surface rescue truck and 
lifting, lowering and pulling applications including jobs requiring underground rescue truck 
rigging, positioning, and stretching. Used in rescue for extrication. 
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Equipment 

Porta-power 

Jugs 

Pails 

Portable Lighting 

Patching Kit 

Scoops and Shovels 

Ambulance #1 

Ambulance #2 

Rescue Truck 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

( 1) 10-ton hydraulic, hand-powered jaws used for extrication during Surface rescue truck 
rescues. 

Containment or cleanup; HAZMA T trailer 
(4) 1-gallon plastic 

Containment or cleanup; HAZMA T trailer 
(3) 5-gallon plastic with lid 

(1) Emergency lighting system; 120 volts; 500-watt bulbs, suitable Underground rescue truck 
for wet location 

Series A Hazardous Response Kit; Class A; contains nonsparking HAZMA T trailer 
equipment to control and plug leaks. 

Cleanup; plastic; various sizes; nonsparking; nonwood handles HAZMAT trailer 
(1) Scoop 
(3) Shovels 

Medical Resources 

Equipped as per Federal Specifications KKK-A-1822 and New Surface (Safety and Emergency 
Mexico Emergency Medical Services Act General Order 35; Services Facility) 
equipped with a radio to Guadalupe Medical Center in Carlsbad, 
VHF radio, UHF medical frequency, cellular phone 

Electric cart; equipped with first aid kit, 2 stretchers, and other Underground 
associated medical supplies 

Special purpose vehicle; light and heavy duty rescue equipment; Surface (Safety and Emergency 
transports 1 litter patient, medical oxygen and supplies for mass Services Facility) 
casualties, fire suppression support equipment (rescue tool, air bag, 
K-12 Rescue Saw, 5,000-watt generator, self-contained breathing 
apparatus (SCBA), and much more equipment 
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Equipment 

Building Smoke, 
Thermal Detectors, 
and Manual Pull 
Stations 

Fire Truck # 1 

Rescue Truck # 2 
(U/G) 

Extinguishers 

Automatic Dry 
Chemical 
Extinguishing Systems 

Sprinkler Systems 

Water Tanks, 
Hydrants 

Fire Water Pumps 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

Fire Detection and Fire Suppression Equipment 

Ionization and photoelectric or fixed temperature/rate of rise Guard and Security Building, 
detectors; visual display and alarm in CMR; manual pull stations. Warehouse/Shops, Support 
The underground has manual fire alarm pull stations located where Building, CMR/Computer Room, 
personnel have access when evacuating. These are connected to Waste Handling Building, 
the U/G evacuation alarm. TRUPACT Maintenance Facility, 

Waste Shaft Station, 
Underground Fuel Station, SH 
Hoisthouse, Engineering 
Building, Industrial Safety 
Building, Training Facility 

Equipped per Class "A" fire truck per NFPA; capacity 750 gallons, Surface (Safety and Emergency 
with pump capacity of 1200 gallons per minute Services Facility) 

(1) 125-pound dry chemical extinguisher Underground 
(1) 150-pound foam extinguisher 

Individual fire extinguisher stations; various types located throughout Buildings, underground, and 
the facility, conforming to NFPA-10. underground vehicles 

Automatic; 1,000-pound system (Purple K); actuated by thermal Underground fuel station 
detectors or by manual pull stations 

Fire alarms activated by water flow Pumphouse, Guard and Security 
Building, Support Building, 
Waste Handling Building 
(contact- and remote-handled 
transuranic waste area only, 
except Hot Cell), Warehouse/ 
Shops Building, Auxiliary 
Warehouse Building, TRUPACT 
Maintenance Facility, Training 
Facility, SH Shaft Station, 
Exhaust Filter Building, 
Engineering Building, and Safety 
Building 

Fire suppression water supply; two 180,000-gallon capacity Tanks are at southwestern edge 
of WIPP facility; pipelines and 
hydrants are throughout the 
surface 

Fire suppression water supply; 125 pounds per square inch, 1,500 Pump house 
gallons per minute centrifugal pump, one with electric motor drive, 
the other with diesel engine; pressure maintenance pump 
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Equipment 

Hoses 

Headlamps 

Underground Self-
Rescuer Units 

Self-Contained 
Breathing Apparatus 
(SCBA) 

Chemical and 
Chemical-Supported 
Gloves 

Suit, Acid 

Suit, Fully 
Encapsulated 

Antishock Trousers 

Laerdal 3000 ORS 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

Fire suppression water supply Pumphouse, Guard and Security 
Building, Support Building, 
Waste Handling Building 
(contact- and remote-handled 
transuranic waste area only, 
except Hot Cell), Warehouse/ 
Shops Building, Auxiliary 
Warehouse Building, TRUPACT 
Maintenance Facility, 
Engineering Building, Exhaust 
Filter Building 

Personal Protection Equipment 

Mounted on hard hat; battery operated Each person underground 

Short-term rebreathers; approximately 300 Each person underground 

Oxygen supply; 4-hour units; approximately 14 Mine Rescue Team Mine Rescue Training Room 
Draeger units 

Body protection; HAZMA T trailer 
(12 pair) inner-cloth, 
(12 pair) outer-pvc, 
(5 pair) outer-viton 

Body protection; HAZMAT trailer 
(4) acid 

Body protection; used with SCBAs; full outerboot; HAZMA T trailer 
(4) Level A; 
(4) Level B 

Emergency Medical Equipment 

Shock treatment; Ambulance # 1 and # 2 
(2) inflatable, one on each ambulance 

Monitor/defibrillator Ambulance # 1 and # 2 
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Equipment 

Oxygen 

Resuscitators (Bag) 

Splints 

Stretchers 

Suctions 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities 

Patient care; 
Size D: 
(2) Ambulance #1 
(1) Underground Ambulance 
(1) Health Services 
Size E: 
(1) Rescue Truck 
(2) Underground Ambulance 
Size M: 
(1) Ambulance #1 

Disposable bag resuscitation 
Ambulance #1: 
(2) adult size 
( 1) child size 
Underground Ambulance: 
(2) adult size 

Immobilize limbs; 
(1) Adult traction splint, lower extremity, with limb-supporting slings, 
padded ankle hitch and traction device per ambulance. 
(2) Rigid splinting devices or equivalents, suitable for immobilization 
of upper extremities per ambulance. 
(2) Rigid splinting devices or equivalents, suitable for the 
immobilization of lower extremities. 
(1) Set of Airsplints: 
6 assorted splints; hand/wrist, half arm, full arm, fooUankle, half leg, 
and full leg per miner's aid stations. 

Patient transport; 
(2) Spine Boards, one short and one long, with nylon straps per 
ambulance. (also used to perform cardiopulmonary resuscitation) 
(2) Emergency Stretchers or scoops, or combination per ambulance 
(1) All-purpose multi-level ambulance stretch (gurney), with 3 safety 
straps and locking mechanism per ambulance. 
(1) Stretcher in each miner's aid station. 

For medical emergencies: 
Portable 
(1) Suction unit, capable of delivering at least 300 mm. HG on each 
ambulance. 
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Location 

Ambulance # 1 and # 2, surface 
rescue truck 

Ambulance # 1, 
Ambulance # 2 

Ambulance # 1 and # 2, 
Miner's Aid Stations 

Various combinations in 
Ambulance # 1 and # 2, Miner's 
Aid Station 

Ambulances #1 and #2 



Equipment 

Trauma Kits 

Miner's Aid Station 

WIPP RCRA Part B Permit Application 
DOEJWlPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

(1) adult blood pressure cuff and stethoscope (1) kit in each: 
(4) soft-roller bandages Ambulances #1 and #2, surface 
(3) triangular bandages rescue truck 
(1) pkg. band-aids 
(2) trauma dressings 
(25) 4X4 sponges 
(1) roll adhesive tape 
( 1 ) bite stick 
(1) penlight 
( 1) sterile burn sheet 
( 1) oropharyngeal airway 
(1) glucose substance 
(2) sterile gauze dressings 

For First Aid Stations in the Underground Miner's Aid Stations 
(1) Stretcher-as referenced above per station 
(1) Set of airsplints-as referenced above per station 
(1) Blanket per station 
(1) Box of latex gloves (50) per station 
(5) Pathogen Wipes per station 
(1) First Aid Kit (24) per station; includes, 
(3) Band-Aid Combo Paks 
(2) Swabs, PVP 
(1) Antibiotic Ointment 
(1) Sting-Kill Swab 
(2) Dressing, compresses 
(2) Roller Bandages 
(2) Tape 
(2) Triangle Bandage 
(1) Eyedressing Pak 
(1) Burn Dressing 
(1) Ammonia Inhalants 
(1) User Log Sheet 
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Equipment 

First Aid Supplies 

First Aid Supplies 

First Aid Supplies 

Emergency Lighting 

Backup Power 
Sources 

Hoists 

Portable Radiation 
Survey Equipment 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

According to General Order #35 Ambulance #1 
(12) bandages, soft roller, self-ahdering type-4" or 6" x 5 yards. 
(6) triangular bandages, 40" 
(1) box band-aids 
(1) 1 pair bandage shears 
(6) Trauma dressings, 30" x 1 O" 
(6) Trauma dressings, 5" x 7" 
(50) 4" x 4" sponges, individually wrapped and sterile 
(2) rolls adhesive tape 
(1) penlight 
(2) sterile burn sheets 
(2) oropharyngeal airways -- adult 
(2) oropharyngeal airways -- child (Ambulance #1 only) 
(2) oropharyngeal airways -- infant (Ambulance #1 only) 
(1) Glucose substance 
(3) Occlusive dressings 
(1) Roll aluminum foil 
(6) Rigid cervical collars-2 each small, medium and large sizes 
(4) Cold packs 
( 4) Heat packs 
(2) Bite sticks 

(2) Transfer sheets Ambulances #1 and #2 
(2) Blankets 

(2) #16g angiosets Ambluances #1 and #2, surface 
(2) #1 Sg angiosets rescue truck 
(2) #20g angiosets 
(1) 1000cc LR IV fluid 
(1) 500cc NS IV fluid 

General Plant Emergency Equipment 

For employee rescue and evacuation, and fire/spill containment; Surface and underground 
linked to main power supply, and selectively linked to back up diesel 
power supply and/or battery-backed power supply 

Two diesel generators, and lead-antimony battery-powered Generators are east of Safety 
uninterruptible power supply (UPS); use limited to essential loads; and Emergency Services 
manual or remote starting 1, 100-kilowatt diesel generators with on- Building; UPS is located at the 
site fuel for 62% load for 3 days for selected loads; 30-minute essential loads 
battery capacity for essential loads 

Hoists in Waste Shaft, Air Intake Shaft, and SH Shaft Waste Shaft, Air Intake Shaft, 
SH Shaft 

a, B-y survey meters Operational Health Physics 
Office, Building 412 
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Equipment 

Radiation 
Monitoring 
Equipment 

Emergency Shower 

Eye Wash Fountains 

WIPP RCRA Part B Permit Application 
DOEM/IPP 91-005 

Revision 5.2 

TABLE G-6 (CONTINUED) 
EMERGENCY EQUIPMENT MAINTAINED 

AT THE WASTE ISOLATION PILOT PLANT 

Description and Capabilities Location 

(5) Portable air samplers Operational Health Physics 
Office located in Building 
412 

For emergency flushing of contaminated individual Surface 

For emergency flushing of affected eyes Various locations on the 
surface and in the 
underground 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

TABLE G-7 
TYPES OF FIRE SUPPRESSION SYSTEMS BY LOCATION 

I LOCATION I AS I AD 

Waste Handling Building * 

Support Building * 

Exhaust Filter Building * 

Water Pumphouse * 

Underground Support Areas * 
(also has rescue truck) 

Station A Effluent Monitoring Shed 

Station B Effluent Monitoring Shed 

(1)Symbols for WIPP fire-protection systems: 
AS Automatic Wet Pipe Sprinkler System 
AD = Automatic Dry Chemical Extinguishing System 
MPS = Manual Pull Stations 
IFHC Interior Fire Hose Connections 
PFE Portable Fire Extinguishers 

<2>The Waste Handling Building and the Support Building contain the following: 
Automatic wet pipe sprinklers 
Interior fire hose connections 

I MPS I IFHC I 
* * 

* * 

* * 

* * 

* 

* 

* 

Fire detection in the heating, ventilation, and air conditioning instrumentation (Support Building, only) 
Manual pull stations 
Portable fire extinguishers 
Automatic detectors 

The Safety and Emergency Services Building contains the following: 
Automatic wet pipe sprinklers 
Manual pull stations 
Portable fire extinguishers 
Automatic detectors 

The Core Storage Building contains the following: 
Automatic wet pipe sprinklers 
Portable fire extinguishers 

PFE 

* 

* 

* 

* 

* 

* 

* 

<3>The Exhaust Filter Building, Underground Facilities, Warehouse/Shops Building, Water Pumphouse, and Salt Handling Hoist 
house and headframe also have portable fire extinguishers, manual pull stations, and automatic detectors. 
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TABLE G-8 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

HAZARDOUS RELEASE REPORTING, FEDERAL 

Statute 

Comprehensive 
Environmental Response, 
Compensation and 
Liability Act 
(CERCLA)/Superfund 
Amendments and 
Reauthorization Act 
(SARAI (40 CFR 
Part 302) 

Emergency Planning and 
Community Right-to
Know Act (SARA Title Ill) 
(40 CFR Parts 302 and 
355) 

Chemical 
Releases Covered 

"Reportable quantities" of 
CERCLA/SARA "hazardous 
substances." 

SARA Title Ill "extremely 
hazardous substances." 

AL/5-95~ 'VIPPARTB/REV5CR:CH-G 

To Whom Report 
Must Be Made 

National Response Center: (800) 
424-8802, State Emergency 
Response Commission: (505) 
827-9223 (New Mexico State 
Police, Hazardous Materials 
Emergency Response), and Local 
Emergency Planning Committee: 
(505) 887-9511 

National Response Center: (800) 
424-8802, State Emergency 
Response Commission: (505) 
827-9223 (New Mexico State 
Police, Hazardous Materials 
Emergency Response), and Local 
Emergency Planning Committee: 
(505) 887-9511. 

c: 

What Must Be Reported 

Immediately {Oral) 

1) Chemical identification; 2) what 
hazardous substance; 3) quantity 
released; 4) time, location and duration 
of release; 5) media of release; 6) health 
risks and medical advice; 7) proper 
precautions (e.g., evacuation); and 8) 
name and phone number of reporter and 
facility. 

1) Chemical identification; 2) what 
extremely hazardous substance; 3) 
quantity released; 4) time, location and 
duration of release; 5) media of release; 
6) health risks and medical advice; 7) 
proper precautions (e.g. evacuation); 
and 8) name and phone number of 
reporter and facility. 

Subsequently {Written) 

As soon as practicable, 
update of oral notice and 
response action taken. Send 
report to: New Mexico State 
Emergency Response 
Commission, Department of 
Public Safety, Title Ill Bureau, 
P.O. Box 1628, Santa Fe, 
New Mexico, 87504-1628, 
and Local Emergency Planning 
Committee, 100 North Canal, 
P.O. Box 1139, Carlsbad, 
New Mexico 88221-11 39. 
National Response Center will 
contact the U.S. 
Environmental Protection 
Agency (EPA). EPA may 
request a written report. 

As soon as practicable, 
update of oral notice and 
response action taken. Send 
report to: New Mexico State 
Emergency Response 
Commission, Department of 
Public Safety, Title Ill Bureau, 
P.O. Box 1628, Santa Fe, 
New Mexico, 87504-1628, 
and Local Emergency Planning 
Committee, 1 00 North Canal, 
P.O. Box 1139, Carlsbad, 
New Mexico 88221-11 39. 
National Response Center will 
contact the U.S. 
Environmental Protection 
Agency (EPA) for an address 
if a written report is requested 
by EPA. 

.< 
01 /1 !1· *':59am 



TABLE G-8 (CONTINUED) 
HAZARDOUS RELEASE REPORTING, FEDERAL 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

What Must Be Reported 
Chemical To Whom Report 

c::+.,,+ .. + .. - r.nv~rM Mo oc:+ R<a M<>rl<a Immediately (Oral) Subsequently (Written) 

Resource Conservation Any imminent or actual State or local agencies with What assistance is required. Not Applicable (NA) 
and Recovery Act emergency situation. designated response roles, if their 
(RCRA), 40 CFR help is needed: Carlsbad Police 
§ §264.56(a) and Department: 885-2111 ; Carlsbad 
265.56(a) Fire Department: 885-2111; Eddy 

County Sheriff: 887-7551. 

RCRA, 40 CFR RCRA "hazardous waste" National Response Center: (800) ( 1) Name and telephone number of Prior to resumption of 
§ §264.56(d), 264.56(i), release, fire, or explosion, 424-8802 and State Emergency reporter; (2) name and telephone operations, notify that: ( 1) no 
265.56(d), and 265.56(i) which could threaten human Response Commission: (505) number of facility; (3) time and type of waste that may be 

health or environment outside 827-9223 (New Mexico State incident; (4) name and quantity of incompatible with released 
the facility. Police, Hazardous Materials materials involved; (5) extent of injuries, material is treated, stored, or 

Emergency Response). if any; and (6) possible health or disposed of until cleanup is 
environmental hazards outside the complete, and (2) all 
facility. emergency equipment listed in 

the Contingency Plan is 
cleaned and fit for its intended 
use. Send to Secretary, New 
Mexico Environment 
Department, 525 Camino de 
los Marquez, Santa Fe, New 
Mexico, 87503. 

AL/5-95/WP/WIPPARTB/REV5CR:CH-G G-72 01 /15/96 8:00am 



TABLE G-8 (CONTINUED) 
HAZARDOUS RELEASE REPORTING, FEDERAL 

WIPP RCRA Part B Permit Application 
DOEIWIPP 91-005 

Revision 5.2 

What Must Be Reported 
Chemical To Whom Report 

c::: ......... .... r.nvororl M11c:t Ro M<1rlo Immediately (Oral) Subsequently (Written) 

RCRA, 40 CFR Any incident which triggers New Mexico Environment NA Within 15 days: 1) name, 
§ §264.56(i), 264.56(j), implementation of Department, Emergency Response address and telephone number 
265.56(i), and 265.56(j) Contingency Plan. Office, 24-hour telephone: (505) of owner/operator; 2) name, 

827-9329 or Monday to Friday, address and telephone number 
Sam to 5pm: (505) 827-2915 or of facility; 3) date, time and 
(505) 827-0188. type of incident (e.g. fire, 

explosion); 4) name and 
quantity of materials involved; 
5) extent of injuries, if any; 6) 
possible hazards to human 
health or the environment; 
7) estimated quantity of 
material that resulted from the 
incident. Prior to resumption 
of operations, notify that: 
1) no waste that may be 
incompatible with released 
material is treated, stored, or 
disposed of until cleanup is 
complete, and 2) all 
emergency equipment listed in 
the Contingency Plan is 
cleaned and fit for its intended 
use. Send to Secretary, New 
Mexico Environment 
Department, 525 Camino de 
los Marquez, Santa Fe, New 
Mexico, 87503. 

AL/5-95• 'VIPPARTB/REV5CR:CH-G c• [ 1 
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TABLE G-9 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

HAZARDOUS RELEASE REPORTING, STATE OF NEW MEXICO 

Regulations 

Title 20 of the 
New Mexico 
Administrative 
Code, Chapter 4, 
Part 1 (20 NMAC 
4. 1), Subpart V 
and Subpart VI 

20 NMAC 4.1, 
Subpart V and 
Subpart VI 

Chemical 
Releases Covered 

RCRA "hazardous waste" 
releases, fire, or explosion, 
which could threaten human 
health or environment outside 
the facility. 

Any incident which triggers 
implementation of Contingency 
Plan. 

AL/5-95/WP/WIPPARTB/REV5CR:CH-G 

To Whom Report 
Must Be Made 

National Response Center: (800) 424-
8802; State Emergency Response 
Commission and (505) 827-9223 (New 
Mexico State Police, Hazardous Materials 
Emergency Response) 

New Mexico Environment Department, 
Emergency Response Office, 24-hour 
telephone: (505) 827-9329 or Monday to 
Friday, Sam to 5pm: (505) 827-2915 or 
(505) 827-0188. 

G-74 

What Must Be Reported 

Immediately (Oral) 

1 ) Name and telephone number of 
reporter; 2) name and telephone 
number of facility; 3) time and type of 
incident; 4) name and quantity of 
material involved; 5) extent of injuries, 
if any; and 6) possible health or 
environmental hazards outside the 
facility. 

1) Name and telephone number of 
reporter; 2) name and address of 
facility; 3) name and quantity of 
materials involved, to extent known; 
4) extent of injuries, if any; and 
5) possible hazards to human health or 
the environment, outside the facility. 

Subsequently (Written) 

Prior to resumption of operations, 
notify that: 1) no waste that may 
be incompatible with released 
material is treated, stored, or 
disposed of until cleanup is 
complete, and 2) all emergency 
equipment listed in the 
Contingency Plan is cleaned and 
fit for its intended use. Send to 
Secretary, New Mexico 
Environment Department, 525 
Camino de los Marquez, Santa 
Fe, New Mexico, 87503. 

Within 15 days: 1) name, 
address and telephone number of 
owner/operator; 2) name, 
address and telephone number of 
facility; 3) date, time and type of 
incident (e.g., fire, explosion); 
4) name and quantity of materials 
involved; 5) extent of injuries, if 
any; 6) possible hazards to 
human health or the 
environment; and 7) estimated 
quantity of material that resulted 
from the incident. Prior to 
resumption of operations, notify 
that: 1) no waste that may be 
incompatible with released 
material is treated, stored or 
disposed of until cleanup is 
complete, and 2) all emergency 
equipment listed in the 
Contingency Plan is cleaned and 
fit for its intended use. Send to 
Secretary, New Mexico 
Environment Department, 525 
Camino de los Marquez, Santa 
Fe, New Mexico, 87503. 

01 /15/96 8:00am 



TABLE G-9 (CONTINUED) 
HAZARDOUS RELEASE REPORTING, STATE OF NEW MEXICO 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

What Must Be Reported 
Chemical To Whom Report 

c--··•-1=-';"'::; - l"'n\IArAl'i Must R .. M<>n .. Immediately (Oral) Subsequently (Written) 

New Mexico Any accident (spill) involving New Mexico Environment Department: 1) Name, address and telephone Written submission within one 
Emergency hazardous materials (including (505) 827-9329, State Emergency number of owner or operator; 2) name, week of time permittee becomes 
Management hazardous substances, Response Commission: (505) 827-9223 address and telephone number of aware of discharge. Same as 
Act, radioactive substances, or a (New Mexico State Police, Hazardous facility; 3) date, time and type of oral and description of 
Section 74-4B-5 combination thereof) which may Materials Emergency Response). and incident; 4) name and quantity of noncompliance and its cause, the 

endanger human health or the Local Emergency Planning Committee: material(s) involved; 5) extent of any period of noncompliance 
environment. (505) 887-9511 injuries; 6) assessment of actual or including exact dates and times, 

potential threat to environment or and if the noncompliance has not 
human health; and 7) estimated been corrected, the anticipated 
quantity and disposition of recovered time it is expected to continue; 
material. and steps taken or planned to 

reduce, eliminate, and prevent 
reoccurrence. Send reports to 
New Mexico Environment 
Department, Chief, Ground Water 
Bureau, 525 Camino del los 
Marquez, Santa Fe, New Mexico, 
87503, New Mexico State 
Emergency Response 
Commission Department of 
Public Safety, Title Ill Bureau, 
P.O. Box 1628 Santa Fe, New 
Mexico, 87504-1628, and Local 
Emergency Planning Committee, 
100 North Canal, P.O. Box 1139, 
Carlsbad, New Mexico, 88221-
1139. 

AL/5-95;. ;VIPPARTB/REV5CR:CH-G G i 
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TABLE G-9 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEMJIPP 91-005 

Revision 5.2 

HAZARDOUS RELEASE REPORTING, STATE OF NEW MEXICO 

Regulations Chemical To Whom Report What Must Be Reported 
Releases Covered Must Be Made 

Immediately (Oral) Subsequently (Written) 

New Mexico Any discharge from any Chief, Ground Water Bureau, New Within 24 hours: 1) the name, address, and Submit within seven days: 
Water Quality facility of oil or any other Mexico Environment Department, telephone number of the person or persons in verification of the prior oral 
Control water contaminant in such or his counterpart in any charge of the facility; 2) the name, address, notification, also provide any 
Commission, quantities as may, with constituent agency delegated and telephone number of the owner/operator appropriate additions or 
Part 1, reasonable probability, injure responsibility for enforcement of of the facility; 3) the date, time, location, and corrections to the information 
Section 203 or be detrimental to human the rules as to any facility subject duration of the discharge; 4) the source and contained in the prior oral 

health, animal or plant life, or to such delegation (505) 827- cause of the discharge; 5) a description of the notification. Within 15 days: 
property. 2918. discharge, including its chemical composition; submit a written report describing 

and 6) the estimated volume of discharge, and any corrective actions taken and/or 
immediate damage from the discharge. to be taken relative to the 

discharge. Send reports to Chief, 
Ground Water Bureau, New 
Mexico Environment Department, 
525 Camino de las Marquez, 
Santa Fe, New Mexico, 87503. 

New Mexico Any known or suspected New Mexico Environment Within 24 hours: 1) the name, address, and Mail or deliver within seven days 
Underground release from an Underground Department (Hazardous Waste -telephone number of the agent in charge of of the incident, a written notice 
Storage Tank Storage Tank (UST) system, Bureau): (505) 827-9329. the site at which the UST system is located, describing the spill, release, or 
Regulations-2 any spill or any other as well as the owner/operator of the system; suspected release and any 

emergency situation. 2) the name and address of the site and the investigation or follow-up action 
location of the UST system on that site; taken or to be taken. Send reports 
3) the date, time, location, and duration of the to Underground Storage Tank 
spill, release, or suspected release; 4) the Program, New Mexico 
source and cause of the spill, release, or Environment Department, 525 
suspected release; 5) a description of the spill, Camino de las Marquez, Santa Fe, 
release, or suspected release, including its New Mexico, 87503. 
chemical composition; 6) the estimated 
volume of the spill, release, or suspected 
release; and 7) action taken to mitigate 
immediate damage from the spill, release, or 
suspected release. 

AL/5-95/WP/WIPPARTB/REV5CR:CH-G G-76 01 /15/96 8:00am 
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BLDG./ 
FAC. # 
252 
253 
254.1 
254.2 
254.3 
254.4 
254.5 
254.6 
254.7 
254.8 
255.1 
255.2 
311 
351 
361 
362 
363 
364 
365 
366 
371 
372 
384 
384A 
411 
412 
413 
413A 
413B 
414 
451 
452 
453 
454 
455 

FACILITIES, USAGE AND STRUCTURE NUMBERS 

DESCRIPTION 

SPS UTILITY SUBSTATION 
13.8 KV SWITCHGEAR 25P-SWG15/1 
AREA SUBSTATION NO. 1 25P-SW 15. 1 
AREA SUBSTATION N0.2 25P-SW15.2 
AREA SUBSTATION N0.3 25P-SW15.3 
AREA SUBSTATION N0.4 25P-SW1 5.4 
AREA SUBSTATION N0.5 25P-SW15.5 
AREA SUBSTATION N0.6 25P-SW15.6 
AREA SUBSTATION NO. 7 25P-SW 15. 7 
AREA SUBSTATION N0.8 25P-SW 15.8 
EMERGENCY GENERATOR #1 25-PE 503 
EMERGENCY GENERATOR #2 25-PE 504 
WASTE SHAFT 
EXHAUST SHAFT 
AIR INTAKE SHAFT 
AIR INTAKE SHAFT/HOIST HOUSE 
AIR INTAKE SHAFT/WINCH HOUSE 

EFFLUENT MONITORING INSTRUMENT SHED A 
EFFLUENT MONITORING INSTRUMENT SHED B 
AIR INTAKE SHAFT HEADFRAME 
SALT HANDLING SHAFT 
SALT HANDLING SHAFT HEADFRAME 
SALT HANDLING SHAFT HOISTHOUSE 
SALT HOIST OPERATIONS 
WASTE HANDLING BUILDING 
TRUPACT MAINTENANCE BUILDING 
EXHAUST FILTER BUILDING 
EFFLUENT MONITORING ROOM A 
EFFLUENT MONITORING ROOM B 
WATER CHILLER FACILITY & BLDG 
SUPPORT BUILDING 
SAFETY & EMERGENCY SERVICES FACILITY 
WAREHOUSE/SHOPS BUILDING 
VEHICLE SERVICE BUILDING 
AUXILLIARY WAREHOUSE BUILDING 

BLDG./ 
FAC. # 
456 
457N 
457S 
458 
459 
459A 
463 
465 
468 
473 
474 
474A 
474B 
474C 
474D 
474E 
474F 
475 

480 
482 
485 
486 
489 
816 
907 
908A 
908B 
909 
910 
91 lA 
91 lB 
91 lC 
91 lE 
91 lF 

DESCRIPTION 

WATER PUMPHOUSE 
WATER TANK 25-D-OOlA 
WATER TANK 25-D-0018 
GUARD AND SECURITY BUILDING 
CORE STORAGE BUILDING 
SANDIA ANNEX 
COMPRESSOR BUILDING 
AUXILIARY AIR INTAKE 
TELEPHONE HUT 
ARMORY BUILDING 
HAZARDOUS WASTE STORAGE FACILITY 
HAZARDOUS WASTE STORAGE BUILDING 
HAZARDOUS WASTE STORAGE BUILDING 
OIL & GREASE STORAGE BUILDING 
GAS BODLE STORAGE BUILDING 
HAZARD MATERIAL STORAGE BUILDING 
WASTE OIL RETAINER 
GATEHOUSE 

VEHICLE FUEL STATION 
EXHAUST SHAFT HOIST EQUIP. WAREHOUSE 
SULLAIR COMPRESSOR BUILDING 
ENGINEERING BUILDING 
TRAINING BUILDING 
SANDIA TEST WELL (NOT IDENTIFIED) 
TRANS. & HAZ. MATERIAL HANDLING TRAILER 
ENVIRONMENTAL MONITORING LAB TRAILER 
UNIVERSITY CONSORTIUM TRAILER 
PROJECT CONTROL TRAILER 
ENVIRONMENTAL MONITORING TRAILER 
SITE LOCKSMITH TRAILER 
SANDIA Ml 01 TRAILER 
SANDIA OFFICES TRAILER 
SANDIA TRAILER 
SANDIA 849 ANO B49 ANNEX 

BLDG./ 
FAC. # DESCRIPTION 

911 G SANDIA LABS TRAILER 
912 TRAINING TRAILER 
914A TRAINING TRAILER 
915 NEW MEXICO ENVIR. DEPT. TRAILER 
916 SANDIA OFFICES TRAILER 
917 AIS MONITORING 
918 voe TRAILER 
918A voe AIR MONITORING STATION 
918B voe LAB TRAILER 
950 WORK CONTROL TRAILER 
951 PROCUREMENT / PURCHASING 
952 TRAILER (7-PLEX) 
965 SAMPLE LABORATORY TRAILER 
971 HUMAN RESOURCES TRAILER 
982 MAINTENANCE TRAILER 
985 QA TRAILER 
986 PUBLICATIONS & PROCEDURES TRAILER 
991 SANDIA OFFICES TRAILER 
992 SANDIA CALIBRATION LAB TRAILER 
993 SANDIA OFFICES TRAILER 
994 SANDIA LAB TRAILER 
995 SANDIA QA RECORDS TRAILER 
SWR N0.1 SWITCHRACK NO. 1 
SWR N0.2 SWITCHRACK NO. 2 
SWR N0.3 SWITCHRACK NO. 3 
SWR N0.4 SWITCHRACK NO. 4 
SWR N0.6 SWITCHRACK NO. 6 
SWR N0.7,7A.7B SWITCHRACK NO. 7, ?A, 7B 
SWR N0.7C SWITCHRACK NO. 7C 
SWR N0.8 SWITCHRACK NO. 8 
SWR N0.9 SWITCHRACK NO. 9 
SWR N0.10 SWITCH RACK NO. 10 
SWR N0.11 SWITCHRACK NO. 11 

SANDIA GENERATOR N0.1 
SANDIA GENERATOR N0.2 
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EXPERIMENTAL AREA 
(TO BE DEACTIVATED 
SEPTEMBER 1996) 

WASTE HOIST HEADFRAME OF 
THE WASTE HANDLING BUILDING 

UNDERGROUND FACILITIES 

SHAFT PILLAR AREA 2150 FEET 

PANELS 1 THROUGH 10 
(HAZARDOUS WASTE 
MANAGEMENT UNITS) 

WASTE DISPOSAL 
AREA 



LEGEND: 

-EXISTING 
- - PLANNED 
- PLANNED CLOSURE AREAS 

/ZZ2Z2'J PORTION ci;- THE UNDERGROOND 
SOiEDULED TO BE DEACTIVATED 
BY SEPTEMBER 1996 

150 150 300 
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INTAKE 
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EXHAUST 
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WIPP Underground Facilities 
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FACILITY SHIFT MANAGER (FSM)* 

EMERGENCY SERVICES TECHNICIAN 

SECURITY & 
FIRE SUPPORT 

EMERGENCY RESPONSE TEAM 

FIRST LINE INITIAL RESPONSE TEAM MINE RESCUE TEAM 

* THE FSM IS THE RCRA EMERGENCY COORDINATOR 

Figure G-4 

Direction and Control Under Emergency Conditions 
In Which the Contingency Has Been Implemented 

G-82 
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DEPT. OF ENERGY 

1 ONLY AT THE REQUEST OF THE 
EMERGENCY COORDINATOR 

2 FOR EMERGENCIES THAT COULD 
THREATEN HUMAN HEALTH OR 
THE ENVIRONMENT INSIDE OR 
OUTSIDE THE FACILITY (AFTER 
CONSULTATION WITH THE DEPT. 
OF ENERGY) 

INCIDENT OCCURS 

CMR OPERATOR 

RCRA 
EMERGENCY COORDINATOR 

CMR OPERATOR 

SECURITY 

1 ___ -, 

OFF-DUTY 
EMERGENCY 
RESPONSE 

PERSONNEL 

I 
I 
I 
I 
I 
L 

OFFICE WARDENS 

EMERGENCY 
RESPONSE 

PERSONNNEL (ERT, 
EST, FLIRT, MRT, 

SEC FIRE SUPPORT 

FACILITY 
PERSONNEL 

(WASTE OPERATIONS, 
EC&S, AND IS) 

2 
LOCAL AUTHORITIES 

N.M. ENV. DEPT. 
N.M. STATE POLICE 
NAT. RESP. CENTER 

DEPARTMENT OF 
PUBLIC SAFETY WIPP 

COORDINATOR 

PUBLIC 



GEr-ERAL NSTRUCTIONS 

Iii« TIME AN EVACUATION "'-ARM IS SOUN>ED PROCEED 
TO THE NU.REST EGRESS HOIST SfATION. 

AU CARTS, TRUCKS, ETC. WU 8( PARKED. 

CONTACT THE Ct.4R VIA MINE P..cER PHONE, 0~ PHONE, OR c,.,rfRQNICS 
OH DIRECTION FROM THE CMR OPERATOR. PROCEED ON FOOT TO THE 
NE>.REST EGRESS HOIST STATION. 

lf'FORMA.TlON 

PRIMARY ESCN'E • INTAKE AIR • GREEN REFlECTNE IMRKERS 
INDICATE YOU ARE HE>ll .. C 
TCMMO It SHAfT IN ltHM<£ AIR 

SECONDNff ESCN'E "' EXH4UST AIR "' RED REflLC'Tll/E MARKERS 

NOTE' 

INDICATE YOU AR[ HUll .. G 
TOWMO It SHAFT IN ~ AIR 

WHITE REFLECTNE MAAKERS 
INDICATE YOU ~E N INTAKE AIR 
OR EXHAUST .AJR HE'ADING AWAY 
F'ROM A SH>FT 

SECONOAAY ESCAPE ROUTE WILL 01t Y BE USED UNTL CLE'AA ACCESS AT It 
BULJ(Hf.AO P.a.sT THE Bt.OCKED AREA TO THE f>RllMRY ACCi:SS ROUTE IS FOUND. 

LEGEND 

--@- PRIMARY ESCAPEWAY 

-®- SECONOAAY ESCAF'f:WAY 

1tlf~\f fil'E%HEIJ) 

+ VERTICAL SHAFT 

~ OV!:RCAST 

EB FIRST MD STATION (PHO~ 

CD EYE WASH STATION 

0 A~Ut..ANCE 

0 RESCUE TRUCK 

0 DRY CHEMICAL SYSTEM 

0 FIRE ALARM ..wiD SWITCH (PHONE) 

0 FIRE AL.ARM PAHEl 

0 SH SHAFT STATION EMERGENCY AREA (PHONE) 

0 WASTE SHAFT STATION ASSEMBLY AA.EA (PHONE) 

0 SALT HANOUNC SHAFT ASSEMBLY AREA (PHONE) 

0 S-1950 • E-140 ASSEMBLY AREA (PHONE) 

@ S-1000 ASSEMBLY AREA (PHONE) 

0 THERMAL DETECTOR 

AJR INTAKE 
SHAFT 

~ 

Figure G-5 

EXHAUST 
SHAFT 

EMERGENCY/Al>RM RESPONSE 
CONTACT CMR Br MINE PAGER PHONE OR GNTRONIC HANDSET 

OR 
CMR EXTENSION 8111 

IDENTIFY TYPE or EMERGENCY AHO LOCATION 

PE~EL REPORT TO ll£ NEAREST EGRC'SS 
HOIST STATION FOR LNJEAGROUNO EVACU4TION 

PE~El REPORT TO 'Tl-£ NEAREST OCSl(lNt.TED 
~LY AREA FOR OTMER sm: EMERGENCIES ANO 

CMR ESCAPE ROUTE INSTRUCTIONS 

DURINO AN EMERGENCY /JJ..MM RESPONSE 
PERSON-IN-CHARGE IS Tl-£ U/C rt: 

Underground Emergency Equipment Locations and Underground Evacuation Routes 

G-84 
RCRAG-5 
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WIPP PART B PERMIT APPLICATION REVIEW 
PERSONNEL TRAINING 

CHAPTER H 

GENERAL COMMENTS 

1. In general, Chapter H is vague and fails to provide sufficient detail in a number of areas, 
including job descriptions, training content and relevance of training to job position. 
Furthermore, a number of inconsistencies within Chapter H, as well as with other sections 
of the application, have been identified. Refer to Specific Comment Nos. 1, 3, 6, 7, 12, 
13, 18, 20. 

RESPONSE 

The application has been revised to provide more detail about the training program and 
the relevance of the training program to job positions. 

***** 

2. The training outline provided in Chapter H and Appendix H3 fails to provide sufficient 
detail to clearly evaluate the adequacy of the facility's training program. In accordance 
with 20 NMAC 4-1, Subpart V, §264.16(a). The permit application must be revised to 
describe each of the topics that will be discussed during introductory and continuing 
training and the amount of time that will be dedicated to each topic. Refer to Specific 
Comment No. 1. 

RESPONSE 

The training outlines have been expanded as requested. 

* * * * * 

3. Chapter H does not make clear which job titles report to other job titles. It is also not 
clear how all groups and departments identified in Chapters F, G, and Hare interrelated. 
Complicating this issue is the identification of job and group titles in other chapters of the 
application which are missing from Chapter H. For example, Table F-1 identifies 
numerous job titles and groups that have responsibility for inspecting equipment and 
areas that are directly related to hazardous waste management, but are not included in 
the groups and job titles identified in Chapter H. Table F-1 also identifies 14 job titles 
under the Facility Operations Group; Appendix H1 includes only 5 titles under this same 
group. Table F-1 identifies several job titles under an Industrial Safety Group and a 
Radiation Safety Group, which are all missing from Appendix H1. Still more confusion 
is introduced by the inconsistent use of group names; Table F-1 refers to a Hazardous 
Waste Operations Group, which appears to be the same as the Hazardous Waste and 
Self Assessment Group identified in Appendix H1. Revise Chapters F and H to ensure 
consistency in the identification of job titles and organizational groups. Revise the permit 
application to provide a complete organization chart with the revised permit application 
showing how all referenced groups/departments are interrelated. Additionally, revise the 

1 



4. 

job descriptions in Appendix H2 to clearly show what higher level job title the individual 
reports to, and which lower level job title(s) the individual must supervise. In accordance 
with 20 NMAC 4.1, Subpart V, §264.16(c), 264.16(d)(3). Refer to Tables and Figures 
Comment No. 2. 

RESPONSE 

As required in 20 NMAC 4.1, Subpart V, only those individuals whose jobs require the 
handling of hazardous waste or the supervision of hazardous waste workers are 
discussed. These job titles are in Appendix H2. Other portions of the application may 
discuss individuals qualified to inspect equipment, or to serve in emergency response 
positions who are not hazardous waste workers and therefore are not included in Chapter 
H. This may appear as a discrepancy. 

Table F-1 has been updated. 

In order to clarify the correlation of job titles, job descriptions, and organizations, 
Figure H-1 has been modified to show each of the positions in Appendix H2. In addition, 
the higher level manager for each of the positions is shown. 

***** 

The job descriptions fail to demonstrate that personnel in each job position are 
adequately and appropriately trained to perform the duties outlined in the job 
descriptions. For example, many job description indicate that personnel in those 
positions will be required to perform inspections (i.e., waste handling technician, waste 
handling assistant, operations engineer, hazardous waste manager, hazardous materials 
technician and associate scientist). However, there is no indication that these positions 
will receive inspection training. This same type of deficiency is also apparent with 
respect to those job tasks which require training to collect hazardous waste samples, 
operate specialized machinery, and perform emergency response activities. Furthermore, 
all of the job descriptions include vague statements such as "Hazardous waste 
management personnel receive the core training discussed in H-1 a and H-1 b(1 )"or "must 
possess and maintain required certifications." All of the job description must be reviewed 
and revised to provide more detailed information to demonstrate that personnel are 
adequately prepared to perform their duties. Each job description should clearly identify 
the specific training courses and hours of each type of training (i.e., classroom and on
the-job), and refresher training required for that position, as well as an itemized listing of 
all required certifications. In accordance with 20 NMAC 4.1, Subpart V, §264.16(c), and 
264.16(d)(3), revise the permit application to address these concerns. 

RESPONSE 

Inspection training is part of the certification process and involves both classroom and 
field training. Several examples of certification cards are included as a new Appendix 
H4. 

There are over 256 qualification/certification cards in place at the WIPP facility. Individual 
participation in a qualification/certification card system is dependent on an employee's 
specific job duties. Specific requirements are kept on file at the WIPP facility along with 
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a complete listing of Active qualification/certification cards. A statement has been added 
to each position description to indicate that each hazardous waste worker will be 
evaluated to determine any additional certifications or qualifications needed for their jobs. 
Some samples of these cards are included in Appendix H4. A comprehensive listing of 
current qualification cards and certification cards are available at the WIPP facility. 

The DOE is currently rewriting RCRA job descriptions to reflect functional activities. This 
will result in job descriptions where the job titles are directly related to the activity being 
performed by personnel who assigned to a particular job. Each functional job description 
will include a comprehensive listing of job training requirements. Appendices H1 and H2 
will be update to include these new job titles and job descriptions. Appendix H3 will be 
expanded to include course descriptions for courses in the job descriptions that are not 
already in Appendix H3. Emergency response duty descriptions and course descriptions 
will not be affected. This updated information will be submitted with Revision 6 of the 
application. 

***** 
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WIPP PART B PERMIT APPLICATION REVIEW 
PERSONNEL TRAINING 

CHAPTER H 

SPECIFIC COMMENTS 

1. Chapter H, Section H-1, Outline of Training Program, Pages H-1 through H-3. 

The training outline provided in Chapter H and Appendix H3 fails to provide sufficient 
detail to clearly evaluate the adequacy of the facility's training program. In accordance 
with 20 NMAC 4-1, Subpart V, §264.16(a), the permit application must be revised to 
describe each of the topics that will be discussed during introductory and continuing 
training and the amount of time that will be dedicated to each topic. 

RESPONSE 

The training outlines for multi-topic training sessions have been replaced with outlines 
that give greater detail, including the length of time spent on each module. This is 
provided for initial and refresher training. 

***** 

2. Chapter H, Section H-1, Outline of Training Program, Page H-1, Lines 33 and 34. 

The application is unclear as to which position will actually be directing the training 
program at the WIPP facility. Page H-1, lines 33 and 34 state that "Employee training 
for the purpose of hazardous waste management at i.he WIPP facility is the overall 
responsibility of the MOC General Manager, with responsibility for implementation 
delegated to the Manager of the Human Resources Department." Page H-6, line 31 
states that "The Technical Training Manager directs the training program." In accordance 
with 20 NMAC 4-1, Subpart V, §264.16(a), revise the permit application to specify the 
person directly responsible for directing personnel training at the WIPP facility. 

RESPONSE 

The application is fairly clear in stating that the Technical Training Manager directs the 
training program. A statement to this effect has been added to Section H-1. 

* * * * * 

3. Chapter H, Section H-1, Outline of the Training Program, Page H-2, Lines 6 through 
7. 

The permit application must provide a more detailed description of the modified 
Performance-Based Training (PBT) approach. It must also explain specifically how 
existing training programs are analyzed, designed, developed, implemented, and 
evaluated with respect to PBT methods, and must also explain how training needs 
identified with respect to a PBT approach will be integrated into the initial and refresher 
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training program as it is currently described. Revise Section H-1 of the permit application 
to provide further details on these issues. 

RESPONSE 

The application has been revised to describe the Systematic Approach to Training (SAT) 
that is now used to identify training needs. The Performance-Based Training (PBT) 
approach is a training method and not a method for developing training programs. The 
reference to the PBT has been deleted to avoid confusion. The SAT employs five distinct 
phases: analysis, design, development, implementation, and evaluation. Each is 
discussed briefly in the text. A copy of the DOE's handbook for the SAT approach to 
training development is attached to these responses for the NMED's information. 

***** 

4. Chapter H, Section H-1, Outline of the Training Program, Page H-3, Lines 14 
through 15. 

The rationale behind keeping emergency response training records (maintained by the 
Emergency Services Coordinator) separate from other training records (maintained by 
the Technical Training Group} is not clear. Also, Section H-2 (page H-9) contradicts this 
association stating that all training records for emergency response personnel are main
tained by the Technical Training Group. Since the Technical Training Manager is 
responsible for ensuring that WIPP personnel are adequately trained, including 
completion of required refresher training, he/she should have one complete training 
record for each individual in one recordkeeping location. In accordance with 20 NMAC 
4.1, Subpart V, §264.16(a), revise Sections H-1 and H-2 of the permit application to 
address this discrepancy, and to clearly describe the rationale behind maintaining two 
training record systems, if the applicant intends to do so. 

RESPONSE 

Emergency response records are now kept in the central training record file maintained 
by the Training Department. The text has been revised accordingly. 

* * *. * 

5. Chapter H, Section H-1, Outline of the Training Program, Page H-3, Lines 19 
through 21. 

The specific equipment and systems/procedures related to hazardous waste management 
that require a qualification card must be identified in Chapter H. Job positions that 
require an individual to possess a qualification card and certification card for that 
equipment or system/procedures must also be clearly identified in the permit application. 
In accordance with 20 NMAC 4.1, Subpart V, §264.1 S(a}, revise Chapter H to include this 
specific information. Ensure that the job descriptions in Appendix H2 are appropriately 
revised to reflect the qualification/certification skills required. 
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RESPONSE 

There are over 256 qualification/certification cards in place at the WIPP facility. Individual 
participation in a qualification/certification card system is dependent on an employee's 
specific job duties. Specific requirements are kept on file at the facility along with a 
complete listing of Active qualification/certification cards. A statement has been added 
to each position description to indicate that each hazardous waste worker will be 
evaluated to determine any additional certifications or qualifications needed for their jobs. 
Some samples of these cards are included in Appendix H4. 

See also response to General Comment No. 4. 

***** 

6. Chapter H, Section H-1, Outline of the Training Program, Page H-3, Lines 36 
through 38. 

The description of the training required for visitors, temporary personnel, and contractors 
is unacceptably vague. Revise Chapter H to clearly identify what specific site safety and 
emergency notification procedures are taught, what methods are used to provide this 
training, what hours of training are required, and how this training will be documented. 
Clearly identify what other activities may be conducted by visitors, temporary personnel, 
and contractors that would require training beyond these basics and describe what that 
training will entail. In accordance with 20 NMAC 4.1, Subpart V, §264.1 S(a), revise 
Appendix H3 to provide a training course outline for all training courses. 

RESPONSE 

Visitors are not facility personnel and therefore are not trained beyond the 15 to 
20 minute access video that acquaints them with safety features and hazards and 
identifies alarms that are used on the site. They are required to take a test over the 
information presented and their training is documented in a logbook kept by Security. If 
temporary personnel or contractors are hired to fill any of the positions in Appendix H2, 
then they will be required to have training identical to that for the position. Records 
documenting the training of temporary personnel and contractors are maintained by 
Technical Training similar to records for permanent personnel. They will not be allowed 
to work unsupervised until training is complete. The application has been clarified. 

* * •• * 

7. Chapter H, Section H-1a, Job Title/Job Description, Page H-4, Lines 13 through 21. 

Appendix H1 provides a list of hazardous waste management job titles for those 
personnel whose positions are related to hazardous waste management. However, page 
H-4, lines 13 through 21 identifies several positions which the facility has stated are 
"considered to be critical from the standpoint of hazardous waste management or 
emergency response." Included in this list is the position of Supervisor, Hoisting 
Operations. This position is not listed in the table provided in Appendix H1, nor is there 
a job description provided in Appendix H2. In accordance with 20 NMAC 4.1, Subpart V, 
§264.16(d), revise the permit application to include a job title and detailed job description 
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for this position and any other positions where personnel may be reasonably expected 
to handle hazardous waste, including emergency response personnel. Refer also to 
Tables and Figures Comment No. 3. 

RESPONSE 

The Supervisor, Hoisting Operations has been added to the list in Appendix H 1 and to 
the job descriptions in Appendix H2. 

***** 

8. Chapter H, Section H-1 b(1 ), Training Content, Page H-5, Line 19. 

Course outlines must be provided for all training courses intended to demonstrate 
compliance with RCRA requirements. In accordance with 20 NMAC 4.1, Subpart V, 
§264.16(c), and §264.16(d)(3), revise the permit application to provide a course outline 
for Course REP-107. 

RESPONSE 

REP-107 is an obsolete course that is no longer taught. As explained in the text, it was 
established as an interim measure while the general employee training course was being 
updated to cover RCRA topics. The course content is similar to modules 7 and 1 O in 
GET19X in Appendix H3. The reference to REP-107 has been deleted from the 
application to avoid further confusion. 

* * * * * 

9. Chapter H, Section H-1b(3), Training Techniques, Fage H-6, Lines 23 through 27. 

In accordance with 20 NMAC 4.1, Subpart V, §264.16(c), revise the permit application 
to clarify whether the board sheets identified on page H-3, line 7, will be used to 
document the successful completion of oral boards. In addition, revise the permit 
application to identify the specific positions/systems that require attendance at an oral 
board. 

RESPONSE 

As stated on page H-3, board sheets are part of an individual's training record. Examples 
of certification programs that include oral boards are included in Appendix H4. Because 
of the large number of qualification/certification cards used by the WIPP, only a few 
examples are provided. 

10. Chapter H, Section H-1c, Training Manager, Page H-6, Lines 33 through 37. 

The permit application states on page H-6, lines 33 through 37, that ''The Technical 
Training Manager is required to be trained in hazardous waste management procedures 
and to receive train-the trainer and instructor training." The permit application further 
states that the Technical Training Manager is also required to be knowledgeable of the 
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applicable regulations, orders, and guidelines, and the specific training process employed 
at the WIPP facility." The job description for the Technical Training Manager (listed in 
Appendix H2, page H2-58) states that the only required training for this position is ''the 
core training discussed in H-1a and H-1b(1)." Both the discussion and the Technical 
Training Manager job description fail to adequately demonstrate that the person chosen 
forthe position of Technical Training Manager will be suitably qualified to provide training 
and to select trainers. In accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(2), revise 
the text of the permit application, as well as the job description in Appendix H2, to 
provide a detailed listing of the qualifications, certifications and any prerequisites for the 
position of Technical Training Manager. Refer also to Tables and Figures Comment No. 
3. 

RESPONSE 

The regulations do not specifically request that this information be submitted in the 
application. In past revisions of the application, the approach of maintaining these 
records as well as the name of the technical training director at the facility has been 
acceptable and is consistent with documents and records requirements of 20 NMAC 4.1, 
Subpart V, §264.16(d). The application was revised to indicate that the Technical 
Training Manger's training record will be maintained at the facility along with his 
qualifications and name. 

***** 

11. Chapter H, Section H-1 d, Relevance of Training to Job Position, Page H-7, Lines 3 
through 8. 

The Contingency Plan (page G-12, lines 3 through 8) indicates that information available 
to identify hazardous wastes is maintained on the WIPP Waste Information System 
(VWl/IS). Use of this system would be very important for the emergency coordinators, 
Central Monitoring Room Operator and Facility Shift Managers. However, no information 
regarding training on the \/WVIS for the above-mentioned positions is provided in the 
permit application. In accordance with 20 NMAC 4.1, Subpart V, §264.1 S(a), revise the 
permit application to indicate the types and amounts of \/WVIS training that are provided 
to personnel at the WIPP facility. 

RESPONSE 

In the event of an emergency requiring the implementation of the contingency plan, 
emergency response personnel are supported by staff members who can readily access 
the VWVIS to determine the content of waste containers. Use of this information is 
important only for the purposes of cleanup after a spill or release and not during an 
emergency. This is because the DOE has already determined what, if any 
incompatibilities exist and have instituted policies to avoid the mixing of incompatibles 
during emergency response. (See for example Section G-4g). No specific training in this 
area is required. The application has been modified, however to include VWl/IS training 
for the individuals whose job descriptions include reviewing VWVIS data. 

***** 
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12. Chapter H, Section H-1 d, Relevance of Training to Job Position, Page H-7, Lines 13 
through 15. 

The application states that "employees who operate key pieces of equipment (such as 
forklifts, hoists, etc.) must be trained to operate and inspect equipment and to recognize 
maintenance problems before a specific job function is performed." In reviewing the job 
descriptions for Senior Shaft Tender, Shaft Tender, and Hoist Operations Specialist 
(Appendix H2, pages H2-64 through H2-66), no specific equipment operating or 
inspection training is indicated. In accordance with 20 NMAC 4.1, Subpart V, 
§264.16(a)(2), revise the permit application must be revised to correct these 
discrepancies. Refer also to Tables and Figures Comment No. 3 

RESPONSE 

The text has been modified to indicate that all qualification/certification cards are on file 
at the facility and that some examples are included in Appendix H4. 

***** 

13. Chapter H, Section H-1d, Relevance of Training to Job Position, Page H-7, Line 21. 

Simply stating that supervisors receive hazardous waste management training is 
unacceptably vague. In accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(2), revise 
the permit application to identify the specific hazardous waste management training that 
is given to specific supervisory job titles and provide a course outline for each 
management training course (including any refresher courses). 

RESPONSE 

Reference to HWS-101 and its refresher HWS-101A which are hazardous waste 
supervisor training courses have been added to the application. Course outlines were 
added to Appendix H3. 

* * * * * 

14. Chapter H, Section H-1e, Training for Emergency Response, Page H-7, Lines 34 
through 36. 

The application states that 'WIPP facility employees receive GET-195, which includes 
instruction on hazard awareness, emergency preparedness, spill control, and the WIPP 
RCRA Contingency Plan". However, the course outline for GET-195 provided in 
Appendix H3, states only that the course "provides all new plant employees with essential 
knowledge to perform their job safely and efficiently per 29 CFR 1910.120." In 
accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(3), the permit application must be 
revised to correct this discrepancy. All course outlines should identify all of the topics 
that are discussed during each introductory and continuing course and the amount of 
time dedicated to each topic. Revise Section H of the permit application as appropriate. 
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RESPONSE 

The course outlines in Appendix H3 have been expanded to provide greater detail 
regarding course content. 

***** 

15. Chapter H, Section H-1 e, Training for Emergency Response, Page H-8, Lines 34 
through 36. 

Page H-8, lines 16 through 24 indicate the training requirements for Emergency 
Response Personnel. However, this written description does not agree with the 
information listed in Table H-1, specifically, the categories of emergency response team 
member, FLIRT member and MRT member. For example, the written description states 
that FLIRT "training includes 40-hour miner training, National Fire Protection Association 
(NFPA) 600 Industrial Brigade requirements and additional requirements pertaining to the 
team." Table H-1 states that FLIRT members receive HWW-101, SAF-630 and 20-hour 
mine rescue. In accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(3), the permit 
application must be revised to ensure that all information presented in the text and in 
referenced tables is consistent and complete. 

RESPONSE 

Table H-1 has been deleted. In its place, the treatment of the emergency teams has 
been expanded to include a duty description in Appendix H2 and Authorization Cards in 
Appendix H3. Authorization cards must be completed before a response team member 
is allowed to participate unless appropriately supervised. 

***** 

16. Chapter H, Section H-1 e, Training for Emergency Response, Page H-8, Lines 8 
through 11. 

Section G-2b of the Contingency Plan also identifies the Security Fire Brigade as a group 
that is responsible for responding to fire emergencies. In accordance with 20 NMAC 4.1, 
Subpart V, §264.16(a)(3), revise Chapter Hof the permit application to identify whether 
this group may respond to fires potentially involving hazardous wastes, and to explain 
why the Security Fire Brigade members do not receive specialized emergency response 
training. 

RESPONSE 

Members of the security fire support team are not allowed to respond to fires that involve 
radioactive mixed waste. The application has been revised in Chapter G to indicate this 
limitation. 

***** 
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17. Chapter H, Section H-1e, Training for Emergency Response, Page H-8, Lines 15 
through 24. 

The description of the specialized emergency response training provided to various 
emergency response teams is unacceptably vague and doesn't appear to address major 
types of incidents that may occur (e.g., spills, explosions, natural disasters). It is not 
clear what elements of the training are provided specifically to comply with RCRA training 
requirements and which are provided to address other types of emergencies that are not 
RCRA related (e.g., mine rescue of personnel not contaminated by hazardous wastes). 
In accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(3), revise Section H-1e to 
clearly identify the courses that will be given to the Emergency Response Team, the First 
Line Initial Response Team, the Mine Rescue Team, and the Security Fire Brigade 
(identified in Section G-2b). Provide a course outline for every course that provides 
training on responding to emergency incidents that may potentially involve hazardous 
wastes or hazardous waste constituents. 

RESPONSE 

Greater detail has been provided through the inclusion in the application of the 
authorization cards. These are detailed in Appendix H3. 

***** 

18. Chapter H, Section H-1 e, Training for Emergency Response, Page H-8, Lines 26 
through 27. 

It is understood that emergency response duties are not related to particular job titles. 
However, omission of a description of emergency response duties from Chapter H is not 
acceptable. In accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(3), revise the 
permit application to provide individual descriptions of emergency response duties that 
may involve responding to hazardous waste incidents for an Emergency Response Team 
member, a First Line initial Response Team member, a Mine Rescue Team member, a 
Security Fire Brigade member, an Office Warden, and a Chief Warden. Indicate that 
these job descriptions will be appended to the individual job descriptions of those 
individuals that volunteer to participate in the emergency response teams at the WIPP 
facility. 

RESPONSE 

Duty descriptions have been provided for response team members. These are included 
in Appendix H2. 

* * * * * 

19. Chapter H, Section H-1e, Training for Emergency Response, Page H-9, Lines 4 
through 7. 

In accordance with 20 NMAC 4.1, Subpart V, §264.16(a)(3), revise the permit application 
to clarify whether the Facility Shift Manager will act as the primary emergency 
coordinator. Also, provide a job description for the alternate emergency coordinator in 
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this revision, as well as a description of the background, experience, training and 
education of the persons identified as the emergency coordinator. 

RESPONSE 

As indicated in Table G-1, the on-duty Facility Shift Manager (FSM) is the primary RCRA 
Emergency Coordinator. In the event the FSM cannot perform the duties of the RCRA 
Emergency Coordinator, any of the other individuals are qualified to serve. The FSM is 
already in the list of personnel in Appendix H1 because he supervises hazardous waste 
management activity and his specific training requirements are in Appendix H2. The 
knowledge requirements for the FSM and anyone who serves as the RCRA Emergency 
Coordinator are listed in Section G-2a. One of the courses he will be required to 
complete is SAF-645, WIPP Contingency Plan Procedure. The course outline is included 
in Appendix H3. Alternate emergency coordinators may or may not be hazardous waste 
workers or their supervisors, therefore, they may not be included in the training list. Such 
training is not necessary to perform the duties of RCRA Emergency Coordinator. They 
must be familiar with the contingency plan by completing SAF-645 and meet all the 
qualifications in Section G-2a. The application was revised to include SAF-645 in 
Appendix H3. 

***** 

20. Chapter H, Section H-1 e, Training for Emergency Response, Page H-9, Lines 4 
through 7. 

The Contingency Plan (Chapter G, page G-4, line 20) indicates that the Central 
Monitoring Room Operator (CMRO) will be the first person notified in the event of an 
emergency. Neither a job title or a job description has been provided in the application 
for this position. In accordance with 20 NMAC 4.1, Subi:-art V, §264.16(a)(3), revise the 
permit application to provide a job title and detailed job description for this position. 

RESPONSE 

The CMR operator's training requirements have been added to the application. 

* * * • • 

21. Chapter H, Section H-1 e, Training for Emergency Response, Page H-9, Lines 4 
through 8. 

Revise the permit application to provide a course outline of the special RCRA 
Contingency Plan training course that is provided to all primary and alternate Emergency 
Coordinators. Also, revise the permit application text to clarify whether RCRA 
Contingency Plan refresher training is ever provided, and to include a refresher course 
training outline. 
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RESPONSE 

As stated above, all individuals who are qualified to act as RCRA Emergency Coordinator 
are required to complete SAF-645. The application has been revised to include this 
requirements. 

***** 

22. Chapter H, Section H-2, Implementation of Training Program, Page H-9. 

In accordance with 20 NMAC 4.1, Subpart V, §264.16(b), §264.16(d)(4), and §264.16(e), 
revise the permit application to provide examples of training log forms, certification cards, 
qualification cards, and board sheets which will be used at the facility. 

RESPONSE 

Examples of certification cards are included in Appendix H4. All are on file at the facility. 

***** 
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COMMENTS: TABLES AND FIGURES 

1. Chapter H, Table H-1, Emergency Response Personnel Training Requirements for 
Specific Response, Page H-11. 

Table H-1 identifies courses including SAF 504, NFPA 101, and "other training" (not 
specified). In accordance with 20 NMAC 4.1, Subpart V, §264.16(b), §264.16(d)(4), and 
264.16(e), revise the permit application to remove vague statements, and to identify all 
initial and refresher training courses that are intended to demonstrate compliance with 
RCRA training requirements. Provide in the revised permit application these additional 
courses in both the Table H-1 training matrix and in the course outline, Appendix H3. 

Table H-1 states that emergency response personnel will complete their training in a 
"timely manner'' and that they are responsible for maintaining their own qualifications. 
This is unacceptably vague and places the burden of updating training on the individual 
rather than the training director. Revise Chapter H to clearly identify what training must 
be updated and how often, and to clearly indicate that the training director is responsible 
for ensuring that training is up-to-date. Revise Chapter H to clarify what is considered 
a "timely manner'' with respect to receiving required emergency response training. 

RESPONSE 

Table H-1 has been eliminated. In its place, a duties description has been included for 
each of the response teams. In addition, the authorization cards for these team members 
are included in Appendix H3. 

***** 

2. Chapter H, Appendix H1, List of Hazardous Waste Management Job Titles. 

Chapter H does not make clear which job titles report to other job titles. It is also not 
clear how all groups and departments identified in Chapters F, G, and H are interrelated. 
Complicating this issue is the identification of job and group titles in other chapters of the 
application which are missing from Chapter H. For example, Table F-1 identifies 
numerous job titles and groups that have responsibility for inspecting equipment and 
areas that are directly related to hazardous waste management, but are not included in 
the groups and job titles identified in Chapter H. Table F-1 also identifies 14 job titles 
under the Facility Operations Group; Appendix H1 includes only 5 titles under this same 
group. Table F-1 identifies several job titles under an Industrial Safety Group and a 
Radiation Safety Group, which are all missing from Appendix H1. Still more confusion 
is introduced by the inconsistent use of group names; Table F-1 refers to a Hazardous 
Waste Operations Group, which appears to be the same as the Hazardous Waste and 
Self Assessment Group identified in Appendix H1. Revise Chapters F and H to ensure 
consistency in the identification of job titles and organizational groups. In accordance 
with 20 NMAC 4.1, Subpart V, §264.16(c), 264.16(d)(3), revise the permit application to 
provide a complete organization chart with the revised permit application showing how 
all referenced groups/departments are interrelated. Additionally, revise the job 
descriptions in Appendix H2 to clearly show what higher level job title the individual 
reports to, and which lower level job title(s) the individual must supervise. 
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RESPONSE 

Figure H-1 has been revised to make organizational relationships clearer. Not all 
Chapter F or G personnel are hazardous waste workers, consequently, not all are in 
Chapter H. 

***** 

3. Chapter H, Appendix H2, RCRA Hazardous Waste Management Job Descriptions, 
Pages H2-1 through H2-75. 

The job descriptions fail to demonstrate that personnel in each job position are 
adequately and appropriately trained to perform the duties outlined in the job 
descriptions. For example, many job description indicate that personnel in those 
positions will be required to perform inspections (i.e., waste handling technician, waste 
handling assistant, operations engineer, hazardous waste manager, hazardous materials 
technician and associate scientist). However, there is no indication that these positions 
will receive inspection training. This same type of deficiency is also apparent with 
respect to those job tasks which require training to collect hazardous waste samples, 
operate specialized machinery, and perform emergency response activities. Furthermore, 
all of the job descriptions include vague statements such as "Hazardous waste 
management personnel receive the core training discussed in H-1 a and H-1 b(1 )" or "must 
possess and maintain required certifications." All of the job description must be reviewed 
and revised to provide more detailed information to demonstrate that personnel are 
adequately prepared to perform their duties. Each job description should clearly identify 
the specific training courses and hours of each type of training (i.e., classroom and on
the-job ), and refresher training required for that position, as well as an itemized listing of 
all required certifications. In accordance with 20 NMAC 4.1, Subpart V, §264.16(c), and 
264.16(d)(3), revise the permit application to address these concerns. 

RESPONSE 

Examples of certification cards are included that show inspection training as part of the 
course work and the job training. 

* * *. * 
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ATTACHMENT 



QUAL/CERT CARD LIST FOR INFORMATION ONLY 

QUALCARD 

A-02 
A-03 
A-06 
A-09 
A-10 
A-22 
A-23 
A-24 
A·i7 
A-28 
A-31 
A-32 
A-33 
ADM-01 
B-03 
B-16 
B-19 
B-22 
B-24 

QUALNAME 

6 TON FORKLIFT (DIESEL & ELECTRIC) 
U/G TRANSPORTER EQUIPMENT OPERATOR 
CH CONVEYANCE LOADING CAR 
CH TRU WASTE HANDLING I WASTE OPERATOR 
TRUPACT II 
13 TON ELECTRIC FORKLIFT 
25 TON BRIDGE CRANE CTMF) 
TRAILER JOCKEY 
TRUPACT MAINTENANCE 
WASTE HANDLER LIMITED OPERATION FOR UNDE 
PERFORM SURVEY OF PERSONNEL FOR CONTAMIN 
DONNING & REMOVING OF ANTl-C CLOTHING 
LIMITED OPERATION FOR SURFACE 
RECORDS COORDINATOR 
FORKLIFT DIESEL (41 TON) 
RH BAY CRANE (50/25 TON) 
FORKLIFT DIESEL (20 TON) 
BRIDGE CRANE (30 TON) 
FORKLIFT (6 TON) 

B-25 WASTE HANDLER ATTACHMENTS W/6 TON FL 
C-01 SELF-PROPELLED AERIAL WORK PLATFORM 
C-03 WASTE HOIST MAINTENANCE 
CA0-005-JP GENERATE A RADIOLOGICAL WORK PERMIT 
CB0-009-JP CALIBRATE THE EBERLINE BETA COUNTER BC
CB0-010-JP. CALIBRATE AN RMS BETA/GAMMA CAM 
CB0-011-JP CALIBRATE AN ASP-1 W/AC-3 PROBE 
CB0-012-JP CALIBRATE AN EBERLINE ASP-1 W/HP-260 PRO 
CB0-013-JP CALIBRATE AN EBERLINE SCINTILLATION ALPH 
CB0-018-JP CALIBRATE THE EBERLINE ALPHA 6/6A PORTAB 
CB0-019-JP CALIBRATE THE EBERLINE GEIGER COUNTER E1 
CB0-020-JP CALIBRATE THE EBERLINE HFM-6 HAND AND FO 
CB0-024-JP CALIBRATE THE EBERLINE R03C PORTABLE ION 
CB0-025-JP CALIBRATE THE Hl-1 MOBILE SAMPLING PUMP
CB0-027-JP CALIBRATE THE RMS ALPHA CAM 
CB0-028-JP CALIBRATE THE RMS AREA RADIATION MONITOR 
CB0-029-JP PERFORM A CAL CHECK OF THE XETEX DIGITAL 
CB0-030-JP OPERATE THE J.L. SHEPHERD SHIELDED CALIB 
CB0-031-JP PERFORM A LOWER LEVEL OF DETECTION CALCU 
CB0-032-JP PERFORM A MINIMUM DETECTABLE ACTIVITY CA 
CB0-176-JP CALIBRATE/OPERATE CANBERRA 2400 ALPHA-BE 
CB0-177-JP CALIBRATE/OPERATE CANBERRA 35+ GAMMA RAY 
CB0-178-JP CALIBRATE/OPERATE CANBERRA QUAD 7404 ALP 
CC0-034-JP DECONTAMINATE A SMALL "AREA" SPOT 
CC0-035-JP PERFORM PERSONNEL DECONTAMINATION 
CD0-042-JP RESPOND TO A CONTAMINATED INJURED PERSON 
CD0-043-JP RESPOND TO A CAM ALARM 
CD0-044-JP RESPOND TO A ARM ALARM 
CD0-047-JP RESPOND TO A LOW ENERGY GAMMA (PORTAL) M 
CD0-049-JP RESPOND TO A SPILL OF RADIOACTIVE MATER! 
CD0-157-JP RESPOND TO A HAND AND FOOT MONITOR ALARM 
CF0-091-JP CHANGE FILTERS IN THE STATION A-3 FAS 
CF0-093-JP COLLECT FAS FILTERS 
CF0-096-JP DETERMINE RESPIRATORY PROTECTION BASED 0 
CF0-099-JP DOCUMENT SETPOINTS ON A HP LOG REMINDER 
CF0-100-JP DON A SET OF ANTl·C CLOTHING W/ RESPIRAT 

CURRENT AS OF 12/18/95. 

REVISION REV_DATE 

4 07/12/93 
3 09/13/93 
6 08/25/93 
2 06/04/92 
3 09/28/93 
4 09/01/93 
2 06/22/93 
2 09/02/93 
2 07/15/94 
2 11/21/95 

07/31/92 
07131/92 

0 05/18/92 
0 02/16/94 
6 09/14/93 
5 08/29/95 
8 09/14/93 
3 08/27/93 
3 09/02/93 
1 09/27/93 
3 09/21/94 

09/29/89 
1 08/18/93 
3 09/23/94 
2 09/23/94 
3 09/23/94 

10/11/93 
3 09/23/94 
2 09/23/94 
4 09/23/94 
0 08/30/93 
4 09/23/94 
0 08/30/93 
2 09/23/94 
0 08/11/93 
1 09/23/94 
3 09/23/94 
3 09/23/94 
3 09/24/94 
0 01/19/95 
0 01/19/95 
0 01/19/95 
1 09/22/93 
3 09/23/94 

03/10/94 
2 03/10/94 

03/10/94 
03/10/94 
03/10/94 

2 09/23/94 
2 09/23/94 
3 09/23/94 
3 09/23/94 
2 09/23/94 
3 09/23/94 

12/18/95 

TY_PE FREQ 
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QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
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QUAL 
QUAL 
QUAL 
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QUAL 
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QUAL 
QUAL 

2 
2 

2 
2 

2 

2 

2 
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2 

2 

2 

2 

2 

2 

2 
2 

2 

2 

2 
QUAL 2 
QUAL 2 
QUAL 2 

JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 2 
JPM 2 
JPM 2 
JPM 2 
JPM 2 
JPM 2 
JPM 0 
JPM 0 
JPM 0 
JPM 0 
JPM 0 



QUAL/CERT CARD LIST FOR INFORMATION ONLY 
QUALCARD QUALNAME REVISION REV_DATE 

---------- ---------------------------------------- -------- -----------
CF0-102-JP DON A SET OF ANTI-C CLOTHING W/ RESPIRAT 
CF0-104-JP PERFORM A FUNCTIONAL CHECK ON AN RMS BET 
CF0-106-JP LEAK TEST I INVENTORY A RADIOACTIVE SOUR 
CF0-109-JP OPERATE THE ASP-1 WITH AC-3-7/8 PROBE 
CF0-110-JP OPERATE THE ASP-1/HP260 
CF0-111-JP OPERATE THE BC-4 BETA COUNTER 
CF0-116-JP OPERATE THE E130A GEIGER COUNTER 
CF0-118-JP OPERATE THE HAND AND FOOT MONITOR 
CF0-119-JP OPERATE THE HI-1 MOBILE CART SAMPLING PU 
CF0-120-JP OPERATE THE HI-Q PORTABLE AIR SAMPLING U 
CF0-123-JP OPERATE THE EBERLINE PNR-4 PORTABLE NEUT 
CF0-12S-JP OPERATE THE RMS ALPHA CAM 
CF0-126-JP PERFORM AN OPERABILITY CHECK ON THE RMS 
CF0-127-JP OPERATE THE RMS BETA/GAMMA CAM 
CF0-128-JP OPERATE THE R03C 
CF0-129-JP OPERATE THE SAC-4 
CF0-130-JP OPERATE THE XETEX ALARMING DOSIMETER 
CF0-132-JP PERFORM A FUNCTIONAL CHECK ON A RMS ALPH 
CF0-134-JP PERFORM A PERSONNEL CONTAMINATION SURVEY 
CF0-13S-JP PERFORM A PERSONNEL CONTAMINATION SURVEY 
CF0-136-JP PERFORM A RELEASE SURVEY OF AN ITEM FROM 
CF0-137-JP PERFORM A SURFACE CONTAMINATION SURVEY F 
CF0-138-JP PERFORM A SURFACE CONTAMINATION SURVEY F 
CF0-141-JP PERFORM A GROSS ANALYSIS CALC FOR ALPHA 
CF0-143-JP POST A CONTAMINATION AREA 
CF0-144-JP POST A HIGH CONTAMINATION AREA 
CF0-146-JP POST A HIGH RADIATION AREA 
CF0-147-JP POST A RADIATION AREA 
CF0-148-JP POST A CONTROLLED AREA 
CF0-1S2-JP SET AN ALARM SETPOINT ON THE RMS ALPHA C 
CF0-1S3-JP SET THE ALARM SETPOINTS ON AN RMS ARM 
CF0-1S4-JP SET AN ALARM SETPOINT ON THE RMS BETA/GA 
CF0-1S6-JP SIGN OUT/RETURN A SOURCE TO THE RADIOACT 
CF0-164-JP REMOVE A SET OF ANTl-C CLOTHING W/ RESPI 
CF0-168-JP OPERATE THE GOULD MODEL TASSO CHART RECO 
CF0-170-JP PERFORM A DIRECT RADIATION SURVEY USING 
CF0-171-JP PERFORM A FUNCTIONAL CHECK ON AN RMS ARM 
CF0-173-JP OPERATE THE EBERLINE ALPHA 6/6A PORTABLE 
CF0-174-JP INSTALLATION AND HANDLING OF COMPRESSED 
CF0-175-JP REMOVAL AND HANDLING OF COMPRESSED GAS C 
CF1-131-JP PERFORM A DIRECT RADIATION SURVEY USING 
C0-01 
D-01 
D-02 
DS-01 
DS-02 
DS-03 
EI-02 
EI-04 
EI-07 
EI-08 
EI-10 

TURRET STOCK PICKER 
HARSHAW 8800C TLD SYSTEM 
FINNIGAN MAT MAGNUM ION TRAP SYSTEM 
DOSIMETRY DIST. CENTER PERSONNEL 
PROCESSING CENTER PERSONNEL 
INTERNAL DOSIMETRY PERSONNEL 
INFORMATION CENTER (IC) MANAGER 
INFORMATION CENTER SECRETARY 
INFORMATION CENTER TECHNICAL SPOKESPERSO 
INFORMATION CENTER ASSISTANT MANAGER 
INFORMATION CENTER RECEPTIONIST 

EI-11 INFORMATION CENTER MESSAGE RUNNER 
EI-16 INFORMATION CENTER TELEPHONE TEAM MEMBER 
EI-18 INFORMATION CENTER TYPIST 

CURKENT AS OF 12/18/95. 

2 09/23/94 
2 03/10/94 
2 09/21/93 
2 03/10/94 
2 09/21/93 
3 09/22/93 
4 09/21/93 
2 03/10/94 

04/19/93 
0 03/22/93 
0 06/18/93 
1 03/10/94 

03/10/94 
1 03/10/94 
3 03/10/94 
3 09/22/93 
2 03/10/94 
2 03/10/94 
2 03/10/94 
2 03/10/94 
2 09/21/93 
2 08/31/93 
2 08/31/93 
2 09/23/94 
2 03/10/94 
2 03/10/94 
2 03/10/94 
2 03/10/94 
2 03/10/94 
2 03/10/94 

03/10/94 
2 03/10/94 
2 09/21/93 
2 03/10/94 
3 09/23/94 
2 08/31/93 
2 03/10/94 

08/19/93 
0 08/0S/93 
0 08/0S/93 
3 03/10/94 
0 01/17/9S 
2 10/10/94 
1 08/03/95 
2 11/20/91 

09/27/91 
1 09/27/91 
3 03/29/95 
3 03/29/9S 
2 04/21/94 
3 03/29/95 
3 03/29/95 
3 03/29/95 
3 03/29/95 
0 04/21/94 

12/18/95 
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2 
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2 
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QUAL/CERT CARD LIST FOR INFORMATION ONLY 
QUALCARD 

El-19 
EL-01 
EL-02 
EL-03 
EL-04 
EL-05 
EL-06 
EM-01 
EM-02 
EM-03 
EM-04 
EM-05 
EM-06 
EM·07 
EM-08 
EM-09 
EM-10 
EM-11 
EN-26 
ER0-001 
ER0-002 
ER0-003 
ER0-004 
ER0-005 
ER0-006 
ER0-008 
ER0-009 
ER0-011 
ER0-012 
ER0-013 
ER0-014 
ER0-015 
ER0-016 
ER0-017 
ER0-018 
ER0-019 
ERT-01 
EST-01 

QUALNAME 

INFORMATION CENTER LIAISON 
U/G ELECTRICAL DISTRIBUTION SYSTEMS 
ELECTRICAL MAINTENANCE C & SH HOIST 
SURFACE POWER DIST. SYSTEM CNORMAL/EMER) 
ELECTRICAL MAINTENANCE WASTE HOIST 
BATTERY/BATTERY CHARGER MAINTENANCE 
UPS/FIRE DETECTION SYSTEM 
HUNTA VIRUS TESTING 
GRCXJND WATER LEVEL MEASUREMENTS 
LOW VOLUME AIR SAMPLING 
SERIAL SAMPLING 
BIOTIC & NES VEGETATION SAMPLING 
BOAT OPERATIONS 
SOILS, SURFACE, SEDIMENT AND SEWAGE SAMP 
WELL PUMP INSTALLATION 
FINAL SAMPLING 
REUTER STOKES ION CHAMBER 
WHITE TRACTOR 
DOE/CAO MANAGEMENT REPRESENTATIVE 
CRISIS MANAGER CERT CARD 
OPERATIONS REPRESENTATIVE CERT CARD 
SAFETY REPRESENTATIVE CERT CARD 
EOC MANAGER CERT CARD 
ENGINEERING REPRESENTATIVE CERT CARD 
DEPUTY CRISIS MANAGER CERT CARD 
SURFACE OPERATIONS COORDINATOR CERT CARD 
UNDERGRClJND OPERATIONS COORDINATOR CERT 
SAFETY COORDINATOR CERT CARD 
SECURITY COORDINATOR CERT CARD 
PUBLIC AFFAIRS COORDINATOR CERT CARD 
COMPUTER SUPPORT CERT CARD 
COMMUNICATIONS SUPPORT CERT CARD 
PERSONAL COMPUTER OPERATOR CERT CARD 
SWITCHBOARD OPERATOR CERT CARD 
RADIO OPERATOR CERT CARD 
RUNNER CERT CARD 
EMERGENCY RESPONSE TEAM MEMBER 
EMERGENCY SERVICES TECHNICIAN CERTIFICAT 

EXP·OPS-03 EXPERIMENTAL ELECTRICIAN TECHNICIAN 
FLIRT-01 FIRST LINE INITIAL RESPONSE TEAM MEMBER 
FO-CMR0-2 CENTRAL MONITORING ROOM OPERATOR/CERT 
FO·CMR0·2R CMR OPERATOR - RECERTIFICATION 
FO·FOSS-3 FACILITY OPERATIONS SHIFT SUPERVISOR -
FO·FOSS·3R FACILITY OPERATIONS SHIFT SUPERVISOR - R 
FO·RW-1 FACILITY OPERATIONS - ROVING WATCH 
FO·RW·1R 
FO·UFE-5 

ROVING WATCH - RECERTIFICATION 
UNDERGRClJND FACILITY OPERATIONS ENGINEER 

FO·UFE·SR UNDERGRClJND FACILITY OPERATIONS ENGINEER 
FO·UGRW-4 FACILITY OPERATIONS UNDERGRClJND ROVING W 
FO·UGRW·4R FACILITY OPERATIONS UNDERGRCXJND ROVING W 
GT·OS GEO-MECHANICAL TECHNICIAN 
HOIST-OS 
HOIST-06 

HOIST SUPERVISOR 
HOIST ELECTRICAL DISTRIBUTION 

HOIST-07 HOIST OPERATOR CERTIFICATION CARD 
HPT-01 HEALTH PHYSICS TECHNICIAN - INITIAL 

CURRENT AS OF 12/18/95. 

REVISION REV_DATE 

1 03/29/95 
6 08/22/92 
3 07/08/93 
3 03/27/92 
2 06/29/94 
0 05/06/93 

04/28/94 
07/11/95 

0 09/27/94 
0 09/29/94 
0 09/27/94 
2 12/13/95 
0 09/29/94 
0 09/29/94 
0 09/29/94 
0 09/29/94 
0 10/03/94 
0 07/19/95 
1 06/14/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 03/20/95 
0 12/04/95 
3 07/12/95 
3 05/10/94 
0 12/04/95 
4 10/13/94 
4 10/18/94 
5 03/08/95 
5 03/22/95 
3 10/13/94 
4 03/22/95 
0 10/13/94 
0 10/13/94 
0 10/13/94 
0 10/13/94 
0 01/16/90 
2 01/24/94 
0 02/09/93 

10/07/93 
11 09/23/94 

12/18/95 

TY_PE FREQ 
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QUAL 2 
QUAL · 2 
QUAL 2 
QUAL 2 
QUAL 2 

QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT ·o 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
CERT 0 
AUTH 1 
CERT 2 
CERT 
AUTH 
CERT 
CERT 
CERT 
CERT 
CERT 
CERT 
CERT 
CERT 
CERT 
CERT 
QUAL 
CERT 
QUAL 

CERT 
CERT 

0 

1 
2 

2 
2 
2 

2 
2 
2 

2 

2 
2 
2 
0 

2 
0 

2 



QUAL/CERT CARD LIST FOR INFORMATION ONLY 

QUALCARD 

HPT-02 
HWSA-04 
I&C-01 
I&C-02 
l&C-03 
I&C-04 
l&C-05 
l&C-06 
l&C-07 
l&C-08 
l&C-09 
l&C-10 
l&C-11 
l&C-12 
l&C-13 
l&C-14 
l&C-15 
l&C-16 
INSTRUCT1 
INSTRUCT2 
INSTRUCT3 
L-01 
L-02 
L-04 
L-06 
L-09 
L-10 
L-11 
L-12 
L-13 
L-14 
L-15 
L-16 
L-18 
L-19 
L-20 
LLC-01 
LLC-02 
LLC-03 
LLC-04 
M-01 
M-02 
M-03 
M-04 
M-06 
M-07 
M-10 
M-11 
M-21 

QUALNAME 

HEALTH PHYSICS TECHNICIAN - RECERTIFICAT 
TRANSPORTATION TECHNICIAN 
INSTRUMENTATION TEST INSTRUMENTS TECHNIC 
MAINTENANCE ON voe MONITORING EQUIPMENT 
METROLOGY CALIBRATION OF CMX-271 & TMX-4 
TOOL CRIB FUNCTIONAL TEST OF CMX-271 & T 
PRESSURE TO CURRENT TRANSMITTER REWORK 
AIR OPERATED VALVE STROKE ADJUSTMENT 
VALVE POSITIONER CALIBRATION 
RADIATION SENSOR CHECK 
CONTINU<l.IS AIR MONITOR REWORK 
FIXED AIR SAMPLER REWORK 
AREA RADIATION MONITOR REWORK 
DIFFERENTIAL GAGE TEST 
INSTRUMENT LOOP CHECK 
STANDBY DIESEL GENERATOR 
CALIBRATION OF THE LTX-310 GAS MONITOR 
FUNCTIONAL TEST OF THE LTX-310 GAS MONIT 
INSTRUCTOR CERTIFICATION - LEVEL 1 
INSTRUCTOR CERTIFICATION - LEVEL 2 
INSTRUCTOR CERTIFICATION - LEVEL 3 
DETEX VOLTAGE PHASE METER 
MEGCHECK #02955A 
HYPOT TESTER #05472A 
SCISSOR LIFT MOBILE WORK PLATFORM 
LUCKER MODEL M PROCIFTESTER 
ECOS MODEL 1020 GROUND IMPEDANCE METER 
GAS CHROMATOGRAPH/MASS SPECTROMETER 
REACTIVE GAS ANALYSIS 
GENERAL ANALYTICAL LAB OPERATIONS 
MAGNETIC DEFLECTION MASS SPECTROMETER OP 
GAS CHROMATOGRAPH SIGMA 2000 OPERATION 
VOLATILE ORGANIC COMPOUND SAMPLING OPERA 
FLAMMABLITY ANALYSIS OPERATION 
V. G. MASS SPECTROMETER OPERATIONS 
GENIE LIFT PLATFORM 
CANBERRA MODEL 2404 ALPHA/BETA COUNTING 
CANBERRA MODEL 2404 ALPHA/BETA CALIBRATI 
LOW LEVEL COUNTING LABORATORY SOURCE CON 
LLC PACKARD TRI-CARB 2250 CA/LIQUID SCIN 
ROADHEADER (AEC-330) 
EIMCO 913 LOAD HAUL DUMP (LHD) 
UNDERGROUND HAULAGE TRUCK 
JACKLEG DRILL (S-83-M) 
SURFACE HAULAGE TRUCK (CAT 769 C) 
SALT HANDLING HOIST 
OPENINGS MAINTENANCE VEHICLE 
LONGYEAR 38 
FRONT END LOADER, TROJAN 

M-23 GETMAN LUBE TRUCK (A-64) 
M-24 P & H MOBILE CRANE 
M-25 KUBOTA TRACTOR 
M-28 SKID STEER LOADER MOUNTED BREAKER MB250 
M-30 WASTE HANDLING HOIST 
M-31 WASTE HANDLING HOIST SHAFT TENDER 
CUKRERT AS OF 12/18/95. 

REVISION REV_DATE 

08/11/93 
0 08/27/93 
2 09/20/94 
2 08/29/95 
0 06/17/93 
0 06/17193 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 
0 06/24/93 

2 04/05/95 
5 06/05/92 
5 09/22/94 
2 03/29/94 
1 05/22/91 
3 09/30/94 
1 09/03/91 
3 08/30/93 
2 07/03/91 
2 07/03/91 

06/24/91 
2 06/30/95 
0 07122/91 
3 09/25/92 
0 10/20/93 
1 10/25/94 

10/27/94 
2 08/16/95 
1 07/23/93 
6 12/01/92 
6 03/05/93 
5 03/04/93 
7 03/01/93 
7 09/23/93 

10 12/13/94 
8 05/15/95 
6 02/02/93 
2 01/31/92 
4 09/01/93 
1 02/07/92 
5 09/23/94 
4 10/08/93 
9 02/07/95 
8 02/17/95 

12/18/95 
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QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 2 
QUAL 
QUAL 
CERT 
CERT 
CERT 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
QUAL 
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2 
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2 



QUAL/CERT CARD LIST FOR INFORMATION ONLY 
QUALCARD 

M-33 
M-34 
M-35 
M-38 
M-40 
M-41 
M-44 
M-45 
M-46 
M-47 
M-48 
M-49 
M-51 
M-57 
M-58 
M-59 
M-60 
M-61 
M-62 
M-63 
M-64 
M-65 
M-66 
M-68 
M-69 
M-70 
MAINT-01 
MECH-03 
MECH-04 
MECH-05 
MECH-06 
MECH-07 
MECH-08 
MECH-09 
MECH-10 
MRT-01 
OJT-01 
OPS-01 
OPS-01T 
OPS-02 
OPS-02T 
OPS-06 
OPS-07 
OPS-08 
OPS-09 
OPS-10 
OPS-11 
OPS-12 
OPS-13 
OPS-14 
OPS-15 
OPS-16 
OPS-17 

QUALNAME 

HYDRACORE GOPHER DRILL 
TAMROCK DH430 MOBILE SCALER 
MONORAIL HOIST (5 TON) 
MARIETTA 3612 DRUM MINER 
SALT SHAFT HOIST - SHAFT TENDER 
GOPHER DRILLS G 350/3-T 
ROOF BOLTER/LONG-AIRDOX LRB-16 
PORTABLE DIESEL HOIST 
AIR INTAKE HOIST 
AIR INTAKE HOIST - SHAFT TENDER 
GETMAN SUPPLY TRUCK W/CRANE 
AIR INTAKE SHAFT MAINTENANCE & EMERGENCY 
SHAFT INSPECTION SPECIALIST 
ROADHEADER (DOSCO MD-1100) 
FORD 540A TRACTOR 
MOBILE ROOF SUPPORT 
ATLAS COPCO HYDRAULIC DRILL/ROCKBOLTER 
LASER USE AND OPERATION 
MOBILE DIESEL GENERATOR 
UNDERGROUND DIESEL SWEEPER 
REMOTE CAMERA SHAFT INSPECTION 
FLETCHER MOBILE SCALER 
JLG AERIAL LIFT WORK PLATFORM EQUIPMENT 
SIMMONS AERIAL WORK PLATFORM 
RADIO REMOTE CONTROL OPERATION OF THE EJ 
SURFACE DIESEL SWEEPER 
MAINTENANCE TECHNICIAN SAFETY 
ANNUAL MAINT OF ELEC DRIVEN FIRE PUMP 
ANNUAL MAINT OF DIESEL DRIVE FIRE PUMP 
PM OF U/G EXHAUST FAN 41-B-700 
ANNUAL MAINTENANCE OF DIESEL GENERATOR 
NON-CODE CUTTING AND WELDING 
PM OF AIR HANDLING UNIT 41-B-812 
PM OF AIR HANDLING UNIT 41-B-860 
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FOREWORD 

This Department of Energy (DOE) Handbook, DOE-HDBK-1078-94, Training Program 
Handbook: A Systematic Approach to Training, describes a systematic method for 
establishing and maintaining training programs that meet the requirements and expectations of 
DOE Orders 5480.lBB, Nuclear Facility Training Accreditation Program, and 5480.20, 
Personnel Selection, Qualification, Training, and Staffing Requirements at DOE Reactor and 
Non-Reactor Nuclear Facilities. The systematic approach to training (SA'!) includes five 
distinct, yet interrelated, phases. These phases include analysis, design, development, 
implementation, and evaluation. SAT is consistent with other systematically based training 
systems such as performance-based training (PB'!), training system development (TSD), 
instructional systems development (ISD), and other similar methods. For the purposes of 
this Handbook, SAT and PBT are interchangeable. The systematic approach method may 
also be used in conjunction with other DOE orders and directives that contain personnel 
training and qualification requirements. 

This Handbook describes the more classical concept and approach to systematically 
establishing training programs. However, in some cases this classical approach has proven 
to be time- and labor-intensive, especially if excessive detail is expected. The risk and 
complexity associated with performance of a job or the nuclear hazard category of the facility 
affected may warrant the use of simpler, less detailed alternative methods to achieve results 
that are both satisfactory and effective. These methods are discussed in other Departmental 
and industry standards. 

Users of this Handbook should consider the variety of training options that are available for 
establishing and maintaining personnel training and qualification programs. Blending 
classical and alternative systematic approaches to training methods often yields the most 
effective product. Finally, users should emphasize the fundamental goal of any training 
program as they use this Handbook; that is, to prepare workers to do their jobs safely, 
efficiently, and effectively, and to protect the work force, the public, and the environment. 

Beneficial comments (recommendations, additions, deletions) and any pertinent data that may 
be of use in improvin~ this document should be addressed to: 

John A. Yoder 
EH-63/GTN 
U.S. Department of Energy 
Washington, D. C. 20585 
Phone (301) 903-5650 
Facsimile (301) 903-6172 
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by using the U.S. Department of Energy Document Improvement Proposal (DOE F 1300.3) 
appearing at the end of this document or by letter. 

This Handbook replaces DOE-SID-0102T, "TAP 2 Performance-Based Training Manual," of 
August 1993. · 
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TRAINING PROGRAM HANDBOOK: A SYSTEMATIC 
APPROACH TO TRAINING 

1.0 INTRODUCTION 

The cornerstone of safe operation of the Department of Energy (DOE) nuclear facilities is 
personnel performing the day-to-day functions which accomplish the facility mission. 
Training that is conducted efficiently and effectively and is directly related to the needs of 
the job (i.e., performance-based training) is fundamental to safe operation. Responsibility 
for the safe operation of these facilities is a line-management function. Therefore, achieving 
performance-based training requires commitment from the organization for which training is 
provided. This commitment includes making subject matter experts (SMEs) available for 
participation in and review of the products of the performance-based training process. It also 
includes budgeting and scheduling the time required for both· initial and continuing training. 
This commitment must be made by senior management from the beginning. Management 
must get involved at the start to ensure that they are not only cognizant of ongoing activities 
but are also involved to the degree necessary to thoroughly understand the process. Policies 
implemented and suppon demonstrated by senior management provide the driving force to 
ensure that training programs receive the attention that is imperative, if facility training 
programs are to be successful. 

1.1 Development of this Handbook 

This Handbook has been designed to assist facilities/sites/offices in their efforts to 
develop training programs based on the systematic approach to training (SAT) model. 
Information in this Handbook has been compiled from a number of sources: The 
Institute of Nuclear Power Operations, Principles of Training System Development; 
DOE Guidelines for Job and Task Analysis for Department of Energy Nuclear 
Facilities; and selected DOE contractor training manuals and procedures. In addition, 
personnel representing DOE contractors and private industry contributed significantly 
to the development of this process. 

1.2 Handbook Description 

This Handbook contains a narrative discussion on the various phases of the systematic 
approach to training process. The phases can be modified and incorporated as 
appropriate when developing detailed local procedures. Each phase is organized such 
that the major steps necessary to adequately complete it are clear. Figures, 
attachments, and illustrations are added for clarification and may be reproduced as 
desired. 

The processes described in this Handbook represent only one of the possible 
approaches for the development of training programs using the systematic approach to 
training model. Other approaches may work equally well if they are based on a 

1. 
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systematic method of determining and implementing training that is directly related to 
the needs and requirements of the job. 

This Handbook was written on the assumption that a facility/site/office is currently 
not using the systematic approach to training model for their training programs. 
However, many facilities/sites/offices do have effective training programs in place 
that contain many performance-based characteristics. Existing programs should not 
be discarded, rather systematic methods should be used to validate and supplement the 
content where necessary. The systematic approach also helps refine the methods of 
managing and implementing these programs. 

This Handbook is organized into a series of sections, each section representing one of 
the phases of the SAT model. An overview of each of the phases follows. 

1.2.1 Analysis. This section addresses three methods of identifying 
training/performance requirements: needs analysis, job analysis, and task 
analysis. The major outputs of the analysis phases are a task list for each 
position, and a task-to-training matrix. 

The task-to-training matrix identifies the training disposition of the tasks 
identified in the task list and lists the existing materials that support task 
performance. Participation of subject matter experts znd facility personnel is 
emphasized throughout the processes. 

1.2.2 Design. The design phase uses the information collected during the analysis 
phase to provide a "blueprint" for developing training programs based upon 
the SAT model. This section of the Handbook addresses methods for writing 
learning objectives, setting training standards, designing tests, and preparing 
training plans. The major outputs of the design phase are learning objectives 
and test items. For existing programs, contractors are encouraged to 
determine if their learning objectives are appropriate, cover all required 
content, and include appropriate criteria and conditions. 

1.2.3 Development. Development incorporates the results of the design activities. 
The major outputs of the development phase are the completed lesson plans 
and training aids. 

1.2.4 Implementation. Implementation encompasses taking the results of the 
development phase into the training setting and conducting the training. The 
major output of the implementation phase is trained personnel. 

1.2.5 Evaluation. Evaluation consists of a periodic review of the training materials 
and methods of soliciting feedback from former trainees and their supervisors 
on the effectiveness of training. The major outputs of evaluation are the 
decisions made to improve the training program during all phases. 

2. 
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.. 3 Management of the Training Program 

This Handbook does not contain all the material or information necessary to make a 
training program work. Overall policies and procedures that each organization 
determines necessary to develop and administer performance-based training programs 
are also required. These policies and procedures may be called Training Program 
Manuals, Training Procedures Manuals, Training Management Manuals, Training 
Plans, etc. Whatever its name, the document should contain procedures that govern 
the way the facility/site/office conducts training. For purposes of discussion in this 
Handbook, this document will be referred to as the Training Management Manual. 

1.3.1 The Training Management Manual should formalize facility policies and 
procedures for training. Examples of sections that should be included in the 
manual follow. 

1. Introduction and Organization 

• Purpose and scope of the manual: 
• Manual compliance requirements; 
• Training program purpose and goals; and 
• Organizational relationships and reporting structure. 

2. Qualification and Training Program Descriptions 

• Overview of qualification and training programs; 
• New employee orientation or indoctrination; 
• Visitor indoctrination; 
• Subcontractor indoctrination and training; 
• Descriptions of all training programs (individually or by 

groups); 
• Instructor training and qualification; 
• Continuing training; 
• Proficiency requirements; and 
• Requalification (periodic, following disqualification, lapsed 

qualification, etc.). 

3. Training Program Material Development and Administration 

•· Training/Evaluation Standards; 
•· Checklists or qualification cards; 
• - Lesson plans, on-the-job-training (OJT) guides, lab guides, etc.; 

and 
• - Training aids and reference material. 

4. · Training Program Standards and Policies 
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• Academic standards; 
• Examinations; 
• OJT (conduct and evaluation}; 
• Lectures, seminars, training exercises, etc.; 
• Drills; 
• Signature requirements; 
• Student conduct and controls; 
• Disqualification procedures and policies; and 
• Exceptions, extensions, and waivers. 

S. Administration 

• Training and qualification records; 
• Selection and qualification of instructors; 
• Training program development/change requests; 
• Audits (internal and external); 
• Evaluating training program effectiveness; and 
• Control of subcontracted training. 
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2.0 ANALYSIS 

The process descriptions contained in this section describe a systematic approach to 
identifying and documenting performance-based training requirements. The types of analysis 
used for identifying training requirements include needs analysis, job analysis, and task 
analysis. These analyses will provide assurance that training is the appropriate solution to 
performance problems and identify requirements that serve as the basis for the design and 
development of performance-based training programs. The process descriptions in this 
section will assist users: 

2.1 Determine Training Needs 

Training needs are initially identified by reviewing regulatory requirements and 
existing training programs, and/or conducting a needs analysis. These activities 
enable facilities/sites/offices to determine training needs originating from performance 
problems, regulatory requirements, and in some cases, requests for additional training 
or changes to existing training. 

2.1.1 Further in-depth analysis need not be conducted for training requirements 
originating from a regulatory source [DOE Order, Occupational Safety and 
Health Act (OSHA), etc.], since in essence the needs analysis has already been 
done. These requirements are simply included and addressed in the design and 
development phases of the training program. Likewise, additional detailed 
needs analyses are not necessary for training programs that are in place and 
are producing the desired results. However, needs analyses are appropriate 
when a discrepancy exists in the performance of the job. A needs analysis 
should also be performed whenever changes to training or requests for new 
training courses are received. The analysis provides assurance that training is 
appropriate and ensures that it is not included elsewhere in the training 
program. 

2.1.2 A needs analysis can identify solutions to job performance discrepancies. 
Substandard performance may be related to faulty equipment, inadequate 
procedures, attitude of the workforce, etc. Prior to developing new courses or 
modifying existing training programs, a needs analysis should be conducted to 
determine that training is the appropriate solution. Proper conduct of the 
analysis identifies the root cause(s) and serves as a basis for future plans to 
correct identified performance discrepancies. The following questions should 
be evaluated as part of this analysis. 

1. Do performance deficiencies exist? 

2. Are employees capable of performing their jobs? 

3. Do they perform the job frequently? 



.. ·---·-"'l··--

DOE-HDBK-1078-94 

4. Have previous employees been able to perform these jobs? 

S. Are operating procedures adequate or have they changed significantly'? 

6. Are identified deficiencies training-related'? 

2.1.3 An effective needs analysis must involve subject matter experts (SMEs) such 
as job incumbents and supervisors who are knowledgeable of the job 
requirements and standards of performance. Job data collected from these 
sources provide insight into performance problems and valuable input into 
actions planned to correct them. Analysis of performance problems should 
follow a logical sequence and continue until the root cause is established. In 
general, the following sequence should be followed. 

1. Identify specific symptoms of the problem clearly. 

2. List possible alternative causes to the problem. 

3. Investigate ea.ch alternative cause until it can be eliminated or 
confirmed as a contributor. 

2.1.4 Circumstances generally having training-related implications may include the 
following. 

1. Performance-based training programs for key positions are not in place. 

2. The facility has a shortage of qualified personnel. 

3. Major changes in job scope have occurred. 

4. Changes to requirements have occurred. 

S. Plant or equipment modifications are not routinely incorporated into 
training programs. 

2.1.5 Any actions taken and decisions made during the needs analysis shall be 
documented. This documentation provides an important element that supports 
and validates the training program since a critical part of the training program 
records is the rationale that supports related decisions. A form similar to the 
•Training Needs Analysis Report• (Attachment 1) may be used to document 
findings and recommendations. These records should be maintained 
throughout the life of the training program to substantiate development efforts 
and subsequent modifications. 
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2.1. 6 If a valid task list exists for a training program and a needs analysis results in 
the identification of additional tasks for a program, the tasks should be added 
to the task list. If the analysis does not result in identification of new tasks, 
the task list for the program should be reviewed to determine if the task titles 
need to be revised, or if any task needs to be changed to train or no-train 
(refer to Section 2.3.3 of this Handbook). If a valid task list for the program 
does not exist, a needs analysis may result in the development of a specific 
course that satisfies a training need for a specific task. This task should then 
be included in the task list when a job analysis when it is performed. 

2.2 Develop a Valid Task List 

A job analysis is conducted to develop a detailed list of duty areas and tasks for a 
specific job or position. It can also supply information to develop a job/position 
description, if desired. Job analyses also allow comparison of existing training 
programs to established requirements and identify deficiencies in the adequacy of 
program content. For existing programs, the job analysis provides reasonable 
assurance that all tasks essential to safe and efficient operation are addressed by the 
training program. It also identifies parts of the training program that are unnecessary, 
thus resulting in a more effective training program and more efficient utilization of 
resources. For facilities/sites/offices developing new programs, the job analysis 
provides the information necessary to identify tasks associated with the job. Training 
design and development activities can then be based on actual needs, as opposed to 
perceived needs. 

All pertinent information regarding position-specific job analyses should be 
documented in a job analysis report, which becomes part of the training program file 
for each specified position. This report describes the process/methodology used to 
conduct the job analysis, the names and positions of individuals conducting the 
analysis, and the results of the analysis. The following sections provide general 
guidance pertaining to performing job analyses. 

2.2.1 Review Available Job Information. The first step in job analysis is a review 
of available job information. This review provides input to an initial list of 
tasks and duty areas, and serves as the starting point for further analysis. The 
following are examples of the types of documents that should be reviewed. 

1. Standard Operating Procedures (SOPs); 

2. Group, Department, and/or Division Procedures; 

3. Standing Directives (SDs), Standard Practices (SPs); 

4. Technical Safety Requirements (TSR)/Standards; 



--

DOE-HDBK-1078-94 

S. Occurrence Reports (ORs); 

6. Job Questionnaires/Job Descriptions; 

7. Equipment/System Operating Manuals; 

8. Existing Qualification Documents; and 

9. Studies employing job or task analyses of similar jobs (e.g., DOE, 
Edison Electric Institute, Institute of Nuclear Power Operations, 
Nuclear Regulatory Commission). 

Information gained from observation of job incumbents performing the tasks 
should be used in the review, as should any data that has been collected related 
to extremely effective or ineffective performance. 

This review is conducted for the following reasons. 

1. It enables the person conducting the analysis to better understand the 
nature of the job; 

2. It identifies how much, if any, of the job analysis work has already 
been completed; and 

3. It yields information to write a job description if one does not al.ready 
exist. 

2.2.2 Select and Train Job Analysts. Personnel selected to conduct the job 
analysis should include SMEs, supervisors for the job or position undergoing 
analysis, and representation from departments involved in the decision-making 
process. These departments may include Operations, Training, and Human 
Resources. Representation from these groups promotes better cooperation and 
understanding during and after the analysis. The persons selected should be 
supportive of the job analysis activity and trained in the process. 

Training for those participating in the job analysis is necessary because the 
·participants are much more likely to be knowledgeable in the details of the job 
being analyzed than they are in the process by which the analysis is conducted. 
A short course is recommended to explain the purpose, value, and 
methodology for collecting job analysis data. 

2.2.3 Develop the Task Listing. In addition to the information obtained from the 
document review, SMEs from the prospective user group are consulted for 
compilation of the task lists. A task list is developed using the fc;>llowing 
general process. 
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1. The job is broken down into duty areas that are part of the job 
responsibilities; 

2. Initial task lists are developed; and 

3. Task statements are written to describe individual tasks. 

Duty areas are groups of tasks that constitute a major subdivision of a job. 
They integrate specific knowledge, skills, and abilities required by the job. 
An example of a duty area for a reactor operator may be "the emergency core 
cooling system; 11 for a cascade operator, "the cascade compressor lubricating 
oil system;" and for a hot cell operator, "the cell ventilation system." 
Examples of tasks for the above duty areas are "Start up the emergency core 
cooling pump; 11 "Shift, inspect, and clean the lubricating oil strainers;" and 
"Align the ventilation system for negative cell pressure," respectively. 

Task statements should be written such that they are clear, complete, concise, 
relevant, and stated at a consistent level. "Guidelines for Writing Task State
ments" (Attachment 2) is a guide for preparing task statements and provides 
examples of "dos" and "don'ts" for task statement development. 

2.2.4 Validate the Task Listing. Validation of the initial task list can be 
accomplished in numerous ways. A tabletop discussion using three or four 
SMEs, job-qualified employees, and supervisors can provide reasonable 
assurance that the initial task listing is accurate. Interviewing a limited 
number of job incumbents may also be an appropriate method. The primary 
concerns of the validation process are to ensure that: 

1. All tasks performed are included on the task list; 

2. The task statements accurately describe the tasks; and 

3. Only those tasks associated with the job are included on the task list. 

2.2.5 Prepare the Survey Questionnaire. Questionnaires are prepared for 
distribution to job incumbents. They are used to verify the accuracy and 
validity of the initial task list and identify which tasks will be selected for 
training. F.ach questionnaire includes appropriate instructions for filling out 
the form; a section for demographic information (personnel data); task listings 
appropriately grouped by functional duty areas; rating scales designed to 
gather information regarding the characteristics of each task; and a listing of 
the tools, equipment, and references for task performance. The job incumbent 
is asked during the survey to assign ratings in the following categories: Task 
Importance, Task Difficulty, and Task Frequency. The rating system is based 
on the criteria contained in "Task Rating System" (Attachment 3). Clear, 
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complete instructions should be included on the questionnaire. Attachment 4 is 
a questionnaire example that may be used. 

2.2.6 Select the Survey Sample and Conduct the Survey. Questionnaires should 
be administered to a representative sample of the overall group, division, or 
department to ensure validity of response information. Considerations to be 
made concerning number and types of survey respondents include experience 
of the job incumbents, availability, and restrictions imposed by operational or 
production requirements. Qualified supervisors should be included in the 
survey. The survey sample size should be as large as possible to assure a 
representative sample of the prospective work group population. 

2.2. 7 Analyze the Survey Results. Survey results are compiled and analyzed by the 
training organization. As a minimum, the reported results should contain the 
following. 

1. Frequency of task performance; 

2. Importance (consequences of inadequate performance); 

3. Difficulty of task performance; and 

4. All additional tasks, identified by survey respondents, that were not 
included in the initial survey. 

Any differences between supervisor responses and job incumbent responses are 
resolved during the analysis of the data. Differences may occur because of the 
different perspectives of the respondents and the emphasis each group places 
on individual tasks. Large deviations in numerical responses to individual 
tasks should also be investigated during this analysis. It is helpful to compile 
the results of the questionnaires on a form similar to "Job Analysis 
Tabulation" (Attachment 5). Data entered on this form are the numerical 
averages from all returned questionnaires (excluding supervisors). Data from 
the averages of the supervisor questionnaires are used to help determine the 
validity of the survey. 

Survey results can be compiled by hand or by use of a computerized data base 
management system. Several software systems are readily available if a 
computer system is used. Before the responses are entered into the data base, 
each returned questionnaire should be checked to identify any problems that 
might invalidate responses. Upon completion of data entry, the survey data 
can be analyzed as desired for the overall ratings of each scale for each task. 
These results can then be used to determine which tasks, if any, are selected 
for detailed analysis. 
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2.3 Select Tasks for Training 

2.3.1 Develop Numerical Averaging Criteria. After analyzing the survey results 
the numerical averages of the responses are used to identify which tasks will 
be selected for training. Tasks are selected or deselected for training using a 
systematic process similar to the one illustrated in Figure 1. This process 
involves the establishment of criteria for each category that represents tasks 
according to their average numeric position on the questionnaire scales (e.g., 
Difficulty: very, moderate, not). The numeric cutoff points should be based 
on consideration of the relative impact of the category on the operation 
concerned. Figure 1 contains example ranges for each of the categories. 
Normally, Task Importance and Task Difficulty have a greater impact than 
Task Frequency, and the outcome of the decision tree reflects this. 

2.3.2 Apply Responses to the Decision Tree. After the criteria developed in 
Section 2.3.1 have been established, the numerical average of each of the tasks 
is inserted into the decision tree (Figure 1) and the proper path is chosen. 
Tasks should then be sorted into groups according to similar combinations of 
average difficulty, importance, and frequency ratings as shown in Figure 1. 
The decisions arrived at using this procedure result in a grouping of tasks 
along a scale so that one end of the scale contains difficult, important, and 
frequently performed tasks; the other end of the scale contains the easy, less 
important, and infrequently performed tasks. Tasks that are identified as No 
Train should be reviewed by subject matter experts and supervision to assure 
that no formal training is needed. 

2.3.3 Develop a Train/No Train/Overtrain List. Each group of tasks, in tum, is 
associated with a recommendation to train, not to train, or to overtrain as 
follows: 

TRAIN. Provide a combination of formal training (e.g., classroom, 
on-the-job, drills, simulators, etc.). 

NO IRAIN. No Train is not to be interpreted to mean that no training at all 
is required. It means that no formal training (refer to Train above) is 
neces~; the task can be learned on the job. 

O'VERTRAIN. Provide a combination of formal training plus periodic 
practice of the task (retraining). 

2.3.4 Validate the Lists. At this point, the Train/No Train/Overtrain lists should be 
reviewed by a committee. This review is intended to provide concurrence 
and/or refinement to the list of tasks identified for training. The committee 
should consist of representatives from training, SMEs, and management since 
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VERY. • • • • IMPORTANCE 

OOERATE •• .IMPORTANCE 

NO ••••••• IMPORTANCE 
(1.N.S) 

~3.5) 

t 
VERY. • • • • • • • 1·TRAIN 

~YES.FREQUENCY MODERATE ••• 2-0\IERTRAJN 

INFREQUENT •• 3-0VERTRAJN 
(<2.5) 

t 
VERY. • • • • • • • 4-NO TRAIN 

NO •• FREQUENCY MODERATE ••• S-TRAIN 

(<2.5) INFREQUENT .. 8-TRAIN 

t 
VERY ..•••••• 7-TRAIN 

YES • FREQUENCY MODERATE ••• 8-0VERTRAJN 

INFREQUENT •• 9-0VERTRAIN 

t 
VERY ..•••••. 1o.NOTRAlN 

NO •• FREQUENCY MODERATE ••• 11-NOTRAIN 

INFREQUENT •• 12-TRAIN 

t 
VERY ..•••••• 13-NO TRAIN 

YES. FREQUENCY MODERATE ••• 14-NO TRAIN 

INFREQUENT •• 15-TRAIN 

t 
VERY •••••••• 11-NOTRAlN 

NO •• FREQUENCY MODERATE. • • 17-NO TRAIN 

INFREQUENT •• 18-NO TRAIN 

Figure-!. Criteria for Selecting Tasks for Training 
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decisions will be made at this point that will determine the amount of time and 
resources that will be dedicated to subsequent activities. 

Selection or deselection of tasks for training should be based primarily on the 
results of the job analysis. Care should be taken to ensure that training needs 
are considered and training requirements, originating from regulatory sources, 
are included. 

2.4 Prepare a Task-to-Training Matrix 

The purpose of a Task-to-Training Matrix (TTM) is to provide one document that can 
be used to guide the maintenance of a training program. It provides a ready reference 
for evaluating the impact of procedure changes, criteria for selecting tasks for 
training, updated technical information, revised learning objectives, etc. The matrix 
should contain information for all tasks, whether selected for training or not. All 
related training and reference material should be included for the tasks selected for 
training. Tasks not selected for training should be listed in a separate section of the 
matrix and should include only related reference material. For new training 
programs, the matrix should be initiated following collection of job analysis data. As 
the later phases of the SAT are completed, additional information should be identified 
for inclusion into the matrix. For existing training programs, the 1TM should be 
completed for all applicable training material (initial and continuing) and related 
references. This information provides the basis for analysis of existing training 
materials. Attachment 6, "Task-to-Training Matrix" provides an example. 

2.5 Conduct an Analysis of Existing Training Material 

At this point in the analysis phase, a comparison of existing training materials should 
be conducted. This is best accomplished using a committee made up of at least three 
SMEs and one or two knowledgeable people from the training organization. Existing 
lesson plans, lesson guides, OJT guides, and test questions, etc., should be compared 
to the criteria included in the process discussed in Section 3 of this Handbook to 
ascertain whether the existing materials are adequate. 

2.5. l Using the list of tasks selected for training, and the applicable operating 
procedures, review existing training materials for the following: 

1. Training material exists that addresses the tasks identified for training; 

2. Terminal objectives are included and are accurate and consistent with 
the task statement; 

3. Standards for qualification are consistent with the terminal objectives; 
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4. Enabling objectives are included and sequenced such that they 
accurately reflect the knowledge, skills, and abilities necessary to 
perform the task elements contained in the applicable procedure; and 

S. Test items (questions) accurately measure the performance under the 
conditions and standards required by the objectives and the procedure. 

2.5.2 The outcome of this analysis places the tasks selected for training in one of 
three categories: training for the task is adequate, training for the task exists 
and requires changes, or training for the task does not exist. 

2.6 Conduct a Task Analysis 

Although included in this process for consistency, in actual practice, task analyses, 
design, and development activities normally occur concurrently for most tasks. As 
training is designed and developed for the tasks selected for training, each task should 
be analyzed to determine the knowledge, skills, and abilities required for satisfactory 
accomplishment of the task. Task analysts should be selected and further trained in 
the process. 

2.6.1 Task analysis data collection forms should be developed to meet specific 
division/department needs. Task information to be collected includes: 

1. Initial conditions (prerequisites) required for task performance; 

2. Standards (criteria) for acceptable task performance (e.g., limits, 
ranges, time requirements); 

3. Critical elements (steps) that must be performed to accomplish the task 
properly; and 

4-. Associated knowledge, skill, and ability statements required to perform 
particular elements of the task or the overall task. 

2.6.2 Procedures for conditions, standards, and elements associated with a task may 
be referenced if the information is adequately addressed in the procedure. 

Z.6.3 Task analysis information may be collected by one or more of the following 
methods: 

1. Incumbent/subject matter expert interviews using guidelines or previous 
task analyses; 

2. In-depth procedural review; and 
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3. Subject matter expert consensus group meetings. 

The particular method(s) used will be dependent upon manpower availability, 
plant production/operation requirements, and budgetary restrciints. 

2.6.4 When a task is large or complex, compiling key data on some type of analysis 
form can ensure that the required knowledge and skills are not overlooked. 
"Task Analysis Data Collection Form" (Attachment 7) and "Task Worksheet" 
form (Attachment 8) are examples of typical task analysis data collection 
forms. 

2.6.5 Documentation collected during task analysis should be retained as part of the 
training course file and updated periodically as required by procedural 
changes, equipment/system modifications, management policy changes, and/or 
job restructuring. 

2. 7 Application of Job or Task Analysis Information 

Information collected during the analysis is translated into training program 
requirements. Analysis data are also used to validate training program content and 
ensure that training reflects actual job requirements for both existing and newly 
developed material. The process contained in Section 3 describes the application of 
analysis data in the design of training programs. 

2.8 Training Development/Changes 

As additional training requirements are identified by user groups, requests for the 
development of new training materials and/or modifications of existing materials 
should be made. "Training Development/Change Request" (Attachment 9) is an 
example of a form that could be used. 

2.9 Analysis Checklist 

For ease in tracking activities during the analysis phase, use of a checklist is 
encouraged. This will allow individuals involved in the process to better plan and 
coordinate their activities. An example of an analysis checklist is given in "Analysis 
Checklist" (Attachment 10). 

2.10 Key Considerations 

The following key considerations should be emphasized when performing and 
evaluating activities of the analysis process: 

1. A systematic process involving both training and facility personnel is used to 
analyze training needs. 
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2. Alternative solutions to performance problems, including training and other 
management initiatives, are considered thoroughly before committing 
resources. 

3. Job performance requirements are identified through reviews of existing job 
data and/or surveys of workers and are confirmed by subject matter experts. 

4. Clear standards and uniform methods are used to collect, analyze, and review 
job and task data. 

S. A panel of subject matter experts is used to assist training personnel when 
selecting tasks for analysis and training. 

6. Tasks are identified for initial and/or continuing training. 
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3.0 DESIGN 

The approach described in this section outlines the basic processes used to design training 
programs that are based upon the job-related/performance-based information (i.e., training 
needs, task lists, tasks selected for training) collected during analysis. This section is 
organized into the major headings of the design process. 

3.1 Write Terminal Objectives 

Terminal learning objectives (fLOs) are learning objectives that clearly state the 
measurable performance the trainee will be able to demonstrate at the conclusion of 
training, including conditions and standards of performance. They are translated 
directly from the task statement, and provide the framework for the development of 
training/evaluation standards, enabling objectives, and lesson plans. Care must be 
taken when developing and writing learning objectives. Trainees must clearly 
understand them, or they are of limited use. Related terminal objectives must be 
written for each task statement before any other design work is begun. Refer to 
Attachment 11, "Guidelines for Writing Learning Objectives." 

3.1.1 Determine Appropriate Training Setting. When writing a terminal 
objective, the training setting must be considered since it must be balanced 
against available resources and facility constraints. The training setting is the 
environment in which training is conducted and should be consistent with the 
task. Training settings include: 

1. Self-Paced Instruction. This is any form of instruction that does not 
require the presence of an instructor at the training setting. However, 
feedback .truru be provided. Self-paced instruction can be in printed 
form, in audiovisual form, in the form of a kit that can be assembled or 
manipulated, or in the form of a computer-assisted instruction program. 
Training that meets the following conditions can be considered for 
self-paced instruction: 

•· Training for the task does not require close supervision. 
Unsupervised training is not likely to result in injury to 
employees or damage to plant equipment. In addition, 
immediate feedback from a supervisor is not required for the 
trainee to achieve mastery. 

.. New personnel are not required to perform the tasks 
immediately. 

.. All conditions can either be provided in the training materials or 
made available in the facility when needed by the trainee. 
Tasks that require special facilities, conditions, or equipment not 
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readily available in the facility should be considered for another 
training setting. 

• The task does not require extended periods to achieve mastery. 
Tasks that are very difficult or extremely difficult suggest 
lengthy training durations and are more suited to settings that 
provide supervision and immediate feedback. 

2. On-the-Job Training (OJTI. OJT is formal training that is conducted 
and evaluated in the work environment. If the job permits the 
assignment of tasks to OJT, and a system is in place to handle the 
administration and testing involved in OJT, tasks can be considered for 
assignment to this setting. OJT has the advantage of providing 
continuous training on tasks that are of immediate need to the trainee. 
Further, OJT can continue for whatever length of time is necessary for 
the trainee to achieve mastery. OJT is limited to those situations where 
it is administratively possible to conduct the training and where OJT 
can be conducted without interference to ongoing facility operations. 
Training that meets the following conditions can be considered for OJT: 

• Assignment of trainees can be made in small groups and spread 
over a sufficiently long period of time. 

• There are no critical resource (manpower, material, facility 
availability) constraints in the plant, and multiple training 
conditions can be provided in the job environment. 

.. Qualified personnel are available to conduct OJT. 

If the tasks meet all the guidelines listed above, they 
should be considered for OJT. If one or more of the 
guidelines are not met, the tasks should be considered for 
assignment to the remaining settings. 

It should be noted that for each job position there may be 
certain "must perform" items. The OJT setting is a 
preferable setting to adequately train and assess 
performance. · 

3. Simulator. Training that is conducted in or on a device that duplicates 
the physical appearance; operating conditions during normal, abnormal, 
and emergency conditions; and indications associated with the actual 
work environment. This setting, though expensive, is suited for 
training tasks requiring a high degree of trainee-system interaction, but 
for which OJT is not appropriate. For example, some of these tasks 
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are performed infrequently and would not be encountered normally in 
the course of OIT. Tasks that meet the following conditions can be 
considered for simulator training: 

• Similarity to the actual task is required for the trainee to achieve 
mastery. 

• Problem diagnosis under stressful situations is an integral part of 
performance. 

• Teamwork is an important part of the task. 

• Training of the tasks in the OJT setting would interfere with 
ongoing facility operations, would introduce unnecessary safety 
hazards, or would not be encountered in the course of normal 
job operations. 

• A simulator exists or can be obtained that sufficiently resembles 
the physical and operational characteristics of the facility. 

• The physical performance skills and system interaction 
components of the tasks are sufficiently great to require a fair 
amount of repetitious practice. 

4. Laboratory/Workshop. Training that emphasizes hands-on practical 
experience in a controlled environment, but which is not necessarily 
conducted at the actual job site. Laboratory/workshop training should 
be considered if multiple job conditions (environment, system, 
equipment, etc.) are required for task performance. Laboratories and 
workshops permit application of course material by the trainees in a 
hands-on environment. They are particularly effective when used to 
train basic skills that support task performance. Training that meets the 
following conditions can be considered for laboratory/workshop 
instruction: 

• Tasks, elements, and skills require hands-on practice to achieve 
mastery. 

• Constraints exist that make OJT impractical. 

5. Chmroom. Training presented to groups of various sizes, typified by 
stand-up lecture, seminar, or group interaction. Classroom instruction 
works well for presentation of fundamental and basic theoretical 
knowledge. Because a classroom training setting does not replicate 
on-the-job conditions, it is recommended that a combination of 
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classroom and other settings be used in the course of instruction. 
Training that meets the following conditions can be considered for 
classroom training: 

• Large quantities of information will be presented during 
training. 

• A large group of trainees will be scheduled for training at a 
given time. 

• Other training settings are not suitable or available. 

• There are no critical resource constraints. (Everything required 
for training can be provided at the classroom facility.) 

When evaluating the design of an existing training program or addressing a 
performance deficiency, determine if the current training setting for the task is 
the best instructional choice. If it is not, it may be necessary to select another 
training setting and/or modify the learning objectives and lesson material to 
incorporate the setting selected. For new programs, evaluate each setting and 
select the setting most consistent with the task, taking into account available 
resources and facility constraints. Write the terminal objective based on the 
task and the setting. 

3.1.2 Sequence the Terminal Objectives. All terminal objectives for tasks 
identified for inclusion in the training program must now be sequenced and 
organized into instructional areas. Objectives are normally sequenced from 
simple to complex. The sequence should allow each terminal objective to 
build upon and provide information necessary to support the next terminal 
objective within that instructional area. They should be sequenced in a logical 
progression which takes into account the level of learning that must take place 
in order to build to the next objective. This will ensure the entire training 
program is sequenced correctly. 

3.2 Develop Training/Evaluation Standards (TESs) 

After the terminal objectives have been written, it is necessary to ensure that when 
training materials are developed they are directly linked to the objectives. The 
development of a Training/Evaluation Standard (TES) can help to ensure that this vital 
link is maintained. The purpose of the TES is to provide the basis for the 
development of objective-based training materials and to maintain consistency in the 
evaluation of student performance. Each TES is directly related to a specific job task 
(or group of very similar tasks) identified during job analysis. 
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The TES contains two sections; Training and Evaluation. 

1. The Training section contains the task title and number, the terminal and 
enabling objectives, and the applicable references. The information contained 
in this section will form the basis for the training development activities that 
follow. 

2. The Evaluation section contains a performance test that includes prerequisites, 
amplifying conditions and standards, and instructions to the trainee and the 
evaluator. This performance test is used to measure the adequacy of a 
trainee's performance on a particular job-related task. There are several 
names used for the evaluation section of this standard, each varying in format 
and degree of documentation (e.g., job performance measures, qualification 
standards, and OJT checklists). The evaluation section of the TES can also be 
used to evaluate the performance of existing job incumbents. Incumbents may 
not have had the opportunity to participate in the newly developed 
performance-based training program. By evaluating their performance using 
the performance test in the TES, the merit of prior training can be assessed, 
and appropriate remedial training can be assigned if necessary. 

It is during the development of the TES that the majority of task analysis occurs, 
since many of the knowledge and skill requirements for task elements are identified 
while writing these standards. The advantage of performing task analysis at this point 
is twofold. 

1. It reduces unproductive data gathering by providing early determination of 
entry-level requirements and course prerequisites. This results in the 
generation of a set of enabling objectives that can be provided to a training 
developer. 

2. A document is generated that establishes the performance requirements 
necessary to evaluate trainee task performance. 

Placing task analysis data into a computer data base will greatly facilitate the 
construction of a TES. A computer program could easily sort the data and print it out 
in the desired TES format. Also, the data base could be utilized to sort and organize 
the knowledge, skill and abilities (KSAs) and objectives to identify areas of 
commonality, and to group-related KSAs or objectives for ease of sequencing. 

The TES can be formatted several ways, but should include the following components 
at a minimum: 

1. Task Number and Title - Unique number and task statement from the 
Task-to-Training Matrix; 
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2. Terminal Objective - Derived from the task statement; 

3. Enabling Objectives - Derived from the knowledge and skills identified 
during task analysis; 

4. References - Applicable procedures, technical safety requirements, etc., 
related to task performance; 

5. Perf'ormance Test - Designed to measure mastery of the terminal objective; 

6. Prerequisites - List of qualifications, courses of instruction, etc., that must be 
completed prior to administration of the performance test; 

7. Amplifying Conditions and Criteria - Provide clarification or amplification 
of the conditions and standards stated in the objectives; 

8. Instructions - Clear instructions to the trainee and the evaluator on how to use 
the standard; and 

9. Approval Signature - Appropriate signature and the date the performance test 
is approved. 

Each TES can either stand alone or be incorporated into a larger document for ease of 
reference, recordkeeping, and training program description. An example of this type 
of document, for a single task, is found in Attachment 12, "Sample 
Training/Evaluation Standard (TES)." 

The following steps are performed when developing the TES: 

3.2.1 Determine Testing Limitations. The first step is to review the task and 
terminal objective to determine potential testing constraints. The testing must 
reflect the stated terminal objective. Constraints include availability of time, 
limited work force or equipment, and inadequate resources. If performance of 
an entire task would impose unreasonable demands on facilities or equipment, 
develop the evaluation portion of the TES using a sample of the task elements. 

If actual task performance is not feasible due to limitations, simulation of the 
task should be considered. It is important to recognize that a "best 
approximation" for a standard of performance is not always adequate. Key 
portions of a task must be "perform" items whenever existing facility 
conditions permit. 

3.2.2 Determine Elements of the Task to be Tested. Step two is where task 
analysis begins. The process of task analysis has often been an invisible 
activity that is performed by an instructor. In many cases, this method of 
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analysis is adequate and has resulted in enabling objectives and appropriate 
training content. However, visible task analysis information can help to 
ensure that key informa}ion will not be overlooked when developing training 
or performance tests. To aid in this endeavor, forms on which to compile 
task analysis information can be very useful when tasks are complex, lengthy, 
or unfamiliar to an instructional developer. There are a variety of forms 
available that will satisfy the user's needs. Attachment 13, "TES Development 
Worksheet" is a form that will not only provide space to collect key elements 
and KSAs but also provides space to identify KSAs as entry-level and write 
enabling objectives. 

Begin by listing all of the task elements on Attachment 13. If an adequate 
procedure exists for the task, it may not be necessary to list the element 
description on the worksheet. In this case, it" would be appropriate to list the 
element number from the procedure. If it is determined that, due to testing 
constraints, complete duplication of the task in the TES performance test is 
unrealistic, then the elements of the task should be examined. Elements that 
include important decision points can be used to measure successful 
performance of the entire task. Those key elements would then be listed on 
the worksheet. 

3.2.3 Identify Knowledge, Skills, and Abilities (KSAs). Using the list of all task 
elements, it is now necessary identify the KSAs required to perform those 
elements. Attachment 15, "Completed TES Development Worksheet" 
provides an example of how the TES Worksheet may be used to record this 
information. 

3.2.4 Determine Entry-Level Requirements. In every training program, the 
entry-level KSAs of the trainee must be considered. By properly establishing 
the entry-level requirements, new learning will be based upon what the 
trainees already know, and the trainees will not be wasting time on objectives 
they have already mastered. 

The entry-level requirements should be based on a familiarity with the general 
level of KSAs of the trainees, and by a careful review of documents such as 
job descriptions, position descriptions, or personnel qualification requirements. 
The entry-level requirement should be set at a point where most trainees have 
the required KSAs. Any required KSAs that the trainees do not possess upon 
entry will have to be taught as part of the overall training program. Remedial 
lessons may be necessary for those trainees who do not meet the entry-level 
requirements. 

One way to determine entry-level is to develop and administer an entry-level 
test. This test can determine if personnel meet the entry-level requirements, 
and serves to focus the training at the appropriate level. This can be 
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especially helpful when evaluating an existing program since it allows 
comparison of existing job incumbent training level to the desired level. 

It should be noted that entry-level testing is optional and can be affected by 
contractual agreement. It is essential, however, that a system be in place to 
enable verification that trainees meet the established entry-level requirements. 
The system should include a course of action for those personnel who fail to 
meet the requirements. 

3.2.5 Determine Amplifying Conditions and Standards. The conditions and 
standards stated in the terminal objective may need further clarification to 
allow proper evaluation of task performance. For this reason, any additional 
conditions or standards that serve to amplify the terminal objective or 
individual task elements should be listed in the TES. Care should be exercised 
to ensure that the additional conditions and standards do not change the 
intention of the terminal objective. 

Ideally, the conditions and standards applied during training and testing should 
be identical to those existing during actual task performance. However, if 
some testing constraints were determined to exist, the conditions and standards 
used during training will be a compromise. Although a compromise, the 
conditions and standards applied during training and testing must be designed 
to be the best possible assessment of the trainee's ability to perform the task 
under actual conditions. 

3.2.6 Write Enabling Objectives. Enabling objectives are learning objectives that 
support the terminal objective. They include the critical components of 
performance, conditions, and standards. Enabling objectives should be written 
directly from the KSAs required for element performance. Any identified 
KSAs that are not included in the entry-level requirements must be 
incorporated into an enabling objective. See Attachment 11, "Guidelines for 
Writing Learning Objectives," for information on now to write learning 
objectives. 

Enabling objectives should be sequenced logically, moving from simple to 
complex, and from lower to higher levels of learning. Often, the required 
·sequence will drive the outline and content of the lesson plan and other 
training material. If TESs are developed for all tasks identified for a 
particular training program, enabling objectives that are common to several 
tasks may be grouped into one lesson of instruction. This grouping can 
increase the efficiency and cost effectiveness of a training program by reducing 
duplication. For this reason, a computerized system that can sort by enabling 
objective title can be invaluable. 
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When evaluating an existing program or a performance deficiency, identify 
which enabling objective(s) support each terminal objective. F.ach should then 
be evaluated for correct standards and conditions of performance, for clarity 
and conciseness, and for support of the terminal objective. 

3.2.7 Determine Scoring Methods. Scoring methods are determined when 
constructing the evaluation section of the TES. In some evaluation standards, 
referenced procedures may provide detailed, step-by-step descriptions of 
required performance, and therefore provide an effective scoring method. 
Another method is to prepare a performance checklist that incorporates the 
action steps or elements of task performance. The trainee is required to follow 
each step, usually without deviation. See Attachment 12. For other tasks, 
where strict adherence to procedural sequence may not be required, the 
product of performance (i.e., a tangible result) can provide a measurement of 
successful task completion. When developing the TES, scorable items must be 
clearly defined to distinguish between satisfactory and unsatisfactory 
performance. 

After completion of the TES development, a review of the TES should be done to 
ensure that it includes the desired characteristics. For an example, see Attachment 
14, "TES Review Checklist." 

3.3 Develop Test Items 

Test items are developed to be consistent with the learning objectives. The purpose 
of the test item is to measure trainee performance against the criteria stated in the 
learning objective. The test item development sequence is as follows: 

3.3.1 Determine Test Item Format. Test items are developed from the learning 
objectives to measure trainee skills, recall, and/or application of information. 
Test item formats that are preferred in a performance-based system include 
performance, completions/short answer, multiple choice, matching, alternate 
choice, and drawing/labeling. Other test item formats may have applications 
in specific situations. 

Selection of test item format is guided by action verbs of the learning 
objectives. Action verbs of the learning objectives suggest one format to be 
more appropriate for use in testing than others. 

1. Skill action verbs suggest a performance test format, and knowledge 
action verbs suggest one or more of the written formats. For example, 
•start" and •shut down" are skill actions verbs that suggest a 
performance test format. 
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2. Completion/short-answer format is appropriate for many knowledge 
actions verbs, including "recall," "identify," and "list." 

3. Action verbs such as "discriminate" and "select" should be tested using 
a multiple choice format. 

4. Leaming objectives that require the student to "classify" or "relate" 
should be tested in the matching format. See "Test Item Formats" 
(Attachment 16) for guidelines of test characteristics. 

3.3.2 Determine the Number of Test Items to be Developed. The appropriate 
number of test items for each learning objective depends on a number of 
factors. Although at least one test item must be developed for each learning 
objective, certain considerations justify development of more than one test item 
for a given learning objective. For example, tasks used to develop the 
learning objectives that were rated at or near the maximum scale of importance 
and/or difficulty would suggest a larger number of test items than those tasks 
rated near the minimum scale. 

3.3.3 Develop Skill and Knowledge Test Items. Test items should be written after 
the format is selected and the number of test items is determined. Test items 
must have answer keys written at this time. 

3.3.4 Validate Contents of Test Items. Content validation is the process by which 
test items are determined to be sound and incontestable as to meaning and 
correct answer. Each test item should be reviewed by at least three subject 
matter experts. Each should agree on what the test item is asking and the 
correct response. These validation reviews should be documented. 

3.3.5 Incorporate Items into Test Bank for Future Use. A test item bank should 
be developed and maintained current. The items in the test bank will be used 
in the future to construct entry-level tests, preinstruction tests, progress tests, 
or after instruction tests. A tracking system should be developed to correlate 
test items to the corresponding learning objective. 

3.4 Construct Tests 

The construction of tests at this time is optional. However, tests must be constructed 
prior to implementing the training program. Tests are a form of evaluation that 
instructors can use to measure the results or effectiveness of their stated objectives. 
Test items should be constructed and scored in an objective, rather than subjective, 
manner. An objective test can be scored without the exercise of personal opinion. 
The length of a test should not exceed the number of test items which could be 
answered in two hours by the average trainee. This may require assembling several 
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tests for a given instructional area. The following steps are involved in the 
development of tests: 

3.4.1 Develop Test Specifications. Learning objective levels are broken down into 
three levels: knowledge of facts, terms, and symbols; comprehension of 
principles and concepts; and application of information, principles, and 
concepts. Tests should have the appropriate number and mix of test items 
based on the importance of each area being tested and the level of learning 
objective. For example, if 50% of the learning objectives are written at the 
comprehension of principles level, and the majority of test items used are 
knowledge of facts, terms, and symbols, then the test is not representative of 
the learning required. Learning objectives that are more difficult to master 
and critical to job performance should have more test items represented on the 
test. The test specification is developed so that these concerns are addressed. 
See "Sample Test Specification Form for 50-Item General Employee Test" 
(Attachment 17). 

The completed test specification should be reviewed by subject matter experts 
and facility management. This review can help to ensure that a sufficient 
number of learning objectives are tested to predict performance. 

3.4.2 Assemble the Test. Tests are assembled using the following general 
guidelines: 

1. Select the appropriate test items based on the test specifications; 

2. Group test items with the same format together; 

3. Group items of similar content together to help the concentration of the 
test taker; 

4; Design the format of the test to have a place for the trainee's name, 
clearly marked page numbers, sufficient space between the questions, 
and clear distinctions between the different sections; 

S. The test key should be prepared when the test is constructed. This is 
especially important for essay and short-answer questions; 

6. Test directions should be written clearly and included on the test. A 
model answer may help to clarify directions; 

7. Point allocations for each answer should be indicated and consistent 
with importance of the learning objective that the test item is testing; 
and 
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8. The content of the tests should be changed from one exam to the next 
so they are not compromised. 

3.5 Write Training Development and Administrative Guide 

A Training Development and Administrative Guide should not be confused with the 
facility's Training Management Manual (see Introduction) which outlines the facility 
training policies and procedures that guide the development of all training. A 
Training Development and Administrative Guide is a management tool for the 
administration of an individual training program. It is used to gain management 
approval of the program and guide development and implementation efforts. Though 
not part of this guide, additional specifications may be developed to clarify and detail 
the required characteristics of individual courses or lessons. Approval should include 
training management and the management of the organization for which the training is 
being developed. An example of this guide is in the Sample Training Development 
and Administrative Guide (Attachment 18). 

The Training Development and Administrative Guide is not intended to be a large 
document. However, inclusion of the course outline could require several pages. 
The example outlined in Attachment 18 is just a few pages from each section of an 
outline, which is 21 pages in length. The rest of the document should only be a few 
pages in length. It should have appropriate signatures indicated for review and 
approval. 

The following discussion outlines the major steps in developing procedures for the 
guide. 

3.5.1 Determine the Training Organization and Administrative Responsibilities. 
Each contractor should have training responsibilities established as a guide for 
personnel that are responsible for various portions of the program. Typical 
questions to be answered are: 

1. Who will develop the lesson material'! 

2. Who will perform reviews of material and when'! 

3. Who will present the material and document it'! 

4. What are the interfaces between the training personnel and the referent 
organization'? 

3.S.2 Determine Course Loading and Scheduling Requirements. These arc 
determined by using training requirements identified during the analysis phase 
and the projected availability of new and existing facility employees who will 
require training. Course loading and scheduling should be based on the 
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availability of qualified instructors, capacity of facilities, and availability of 
equipment. 

3.5.3 Establish Trainee Evaluation Guidelines. Evaluation criteria should provide 
for testing, placement, recycling, remedial training, and follow-up evaluation 
during on-the-job performance. Trainee evaluation guidelines should address 
the following: 

1. Basis and method for exception from parts of the training program; 

2. Evaluation method of trainee performance throughout the program; 

3. Guidelines for disposition of trainees whose performance is 
unsatisfactory; 

4. Provisions for counseling and remedial instruction, recycling to earlier 
segments of training, or removal from the program when appropriate; 
and 

5. Evaluation of trainee comprehension and retention of material (i.e., 
using a post test). 

It should be noted that several of the items above may be addressed in the 
facility Training Management Manual. Therefore, they would not have to be 
included in the guide, but should be referenced. 

3.5.4 Specify Required Instructor Qualifications. Determine instructors' 
qualifications based on the training program needs. Qualified trainers, subject 
matter experts, job incumbents, or others should be utilized as appropriate. 
See the Guide to Good Practice for Training and Qualification of Instructors, 
DOE-NE-STD- I 001-91. 

3.5.5 Determine Required Training Resources and Facilities. To ensure that 
facilities and resources are available to support training activities, the guide 
should address physical facilities, equipment, and reference materials. 

1. Physical facilities and equipment include the following: 

., Classroom facilities; 

• - Laboratories and workshop facilities; 

•~ Simulators; 

•· Audiovisual aids and equipment; 
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• Tools and equipment; and 

• Office space and furnishings. 

2. Technical reference material should cover topics at a level appropriate 
for the program, instructor, and trainee; should be applicable to facility 
systems and equipment; and should be current with facility 
modifications. 

3.5.6 Prescribe Test Administration Guidelines. These guidelines should include 
the following: 

1. Security, including accountability of test items to avoid compromise 
during reproduction, storage, use, and evaluation; 

2. Prior notification to trainees of materials needed for the test and the 
procedure to be followed during the test; 

3. Testing instructions to the trainee that include purpose of the test, 
importance of following test item instructions, time limitations, and 
special instructions for the answer sheet; 

4. Development and use of answer keys; 

5. Evaluation of test results using training standards established during test 
item development; 

6. Disposition of test results, including review with and counseling of 
trainees; and 

7. Provisions to vary the content of tests to prevent compromise. 

3.5.7 Establish Supplemental Training Record Requirements. This should 
include retention periods and entry and retrieval procedures to provide the 
following: 

1. Records relating to training programs that permit review of content, 
schedule, and results of past and current programs; and 

2. Individual trainee records that include a history of trainee performance 
and permit verification of required qualifications. 

3.S. 8 Develop the Course Curriculum Outline. This outline serves as a guide for 
development of course material. It outlines, by training setting, the learning 
objectives in the prescribed sequence. 
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3.5.9 Prepare the Development and Implementation Schedule. Course, unit, and 
lesson objectives should be organized and scheduled. A schedule should be 
prepared to define the milestones for development and impl~ mentation 
activities. A simple milestone bar chart (e.g., Gantt Chart) to indicate major 
activities is sufficient. 

3. 6 Key Considerations 

The following are key considerations that should be emphasized when performing and 
evaluating activities of the design process: 

l. Training/evaluation standards contain job-related data for measuring task 
performance; 

2. Selection of training settings considers task, instructional, resource, and 
logistical constraints; 

3. Learning objectives are used to identify training content and satisfactory 
trainee performance; 

4. Learning objectives identify observable and measurable trainee action or 
behavior; 

5. Test items are appropriate for the learning objectives; 

6. Learning objectives are compatible with expected entry-level skills and 
knowledge of trainees; 

7. Learning objectives are sequenced to assist trainees in making the transitions 
from one skill or knowledge level to another; 

8. Pretests are developed to determine trainees' entry qualifications and to 
identify remedial training and exception requirements as applicable; 

9. Progress tests are developed to evaluate trainee performance and determine the 
need for additional assistance; 

10. Post-tests are developed to measure trainees' satisfactory completion of 
training; and 

11. Training standards for evaluating trainee test performance are established. 
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4.0 DEVELOPMfil.l! 

This section describes the processes used to develop training programs that are based upon 
job-related performance-based information (i.e., training needs, task lists, tasks selected for 
training) collected during the analysis phase and the work accomplished (learning objectives, 
tests, Training Development and Administration Guide) during the design phase. The 
development process includes the following. 

4.1 Select Training Methods 

Training methods selected should be based on the objectives and settings for the 
course. Training methods are techniques of communicating instructional material to 
trainees. They include lecture, demonstration/practice, discussion/facilitation, oral 
questioning, role playing, walk-through, and self-pacing. Characteristics of each of 
these methods are found in "Training Methods" (Attachment 19). 

Although discussion and oral questioning have general application in all training 
settings, other methods are more effective in certain training settings. For example: 

• Lecture generally is considered more appropriate for the classroom; 

•· Demonstration and practice applies primarily to on-the-job training (OJT) and 
laboratory and simulator training, although it can also be used in the 
classroom; 

• Role playing is particularly effective during simulator drills and exercises that 
involve team training; 

• Walk-throughs serve to enhance training that is conducted in training settings 
where the job environment is simulated; and 

• Self-pacing is a method generally reserved for self-study. 

4.2 Develop Lesson Plans 

Lesson plans are detailed expansions of the curriculum outline that ensure consistency 
in the delivery of training from instructor to instructor and from student to student. 
They are used by the instructor as the primary training tool to guide the learning 
process and utili7.ation of training materials. Lesson plans identify the learning 
objectives, content, learning activities, training equipment, and training materials 
needed for training and provide guidance for their use. In addition, properly 
developed lesson plans perform the following functions: 

• Provide a degree of standardization of instruction; 
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• Present a logical, sequential listing of content; 

• Prevent over- as well as under-emphasis of selected content; 

• Force instructors to analyze content prior to presentation; 

• Offer a ready format for revision; 

• Provide a record of contents presented; 

• List aids, equipment, and references used; and 

• Provide continuity between the lessons presented within a specific course, 
especially when several instructors are involved. 

4.2.1 Develop Lesson Plan Format. The first step in lesson plan development is 
the determination of format. Instructor and trainee activities should be planned 
so they occur at the proper stages in the learning process. Once a standard 
format has been established, it should be used for all lesson plans. This 
standard format should be specified in the facility Training Management 
Manual, discussed in Section 1.0 of this Handbook. See the forms "Sample 
Lesson Plan Format-Classroom," "Sample Lesson Plan Format-OJT," 
"Sample Lesson Plan Format-Simulator" (Attachments 20 through 22, 
respectively) for sample lesson plan formats. While the printed design or 
format of a lesson plan may differ, the lesson plan should include the 
following: 

1. Cover Page 

• Labeling Information 

Course Title and Number - A title and a number unique 
to that lesson plan 
Lesson Title - A title descriptive of the content 
Lesson Time - Approximate duration of the lesson 
Author - Individual who wrote or last revised the lesson 
plan 
Review and Approval Signatures 
Date - Date lesson plan was approved or last revised 
Revision Number - Current revision number; 

• - Terminal and Enabling Objectives - The learning objectives for 
the lesson; 
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• Training Aids and Material Used - A list of all support material 
and tests used during instruction with this lesson plan; 

• References - All pertinent references used to support the content 
of the lesson plan (inclusion of page and paragraph for text 
material is helpful); and 

• Prerequisites - Any courses, classes, qualifications, etc., 
required prior to beginning this instruction. 

2. Historical Record Form 

• A section which includes documentation of the changes made to 
a lesson plan, why they were made, and who made and 
approved them. See "Training .Materials Historical Record" 
(Attachment 23). 

3. Presentation Content 

• Introduction - A section which includes the purpose of the 
lesson, the training session conduct and administration (i.e., 
breaks, smoking policy, outline of activities), and a statement of 
the learning objectives; 

• Body - The lesson content, trainee, and instructor activities; and 

• Summary - A highlight of important points and review of 
learning objectives. 

4.2.2 Write Content and Specify Leaming Activities. The second step of lesson 
plan development is the writing of content and learning activities. Although 
writing the content of the lesson plan and specifying the learning activities can 
be classified as separate activities, they occur concurrently when developing a 
lesson plan. Instructor and trainee activities should be planned so that they 
occur at the proper stages in the learning process. To ensure this proper 
timing; content can appear on one half of the page and activities on the other. 
Guidance for instructor activities is provided in "Instructor Activities" 
(Attachment 24) for the following items: 

1. Gaining and maintaining attention and motivating the trainee; 

2. Informing the trainee of the learning objectives; 

3. Electing recall of prerequisite knowledge; 
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4. Presenting the training material; 

S. Providing learning guidance; 

6. Electing mastery of the learning objectives; 

7. Electing performance feedback; 

8. Evaluating trainee performance; and 

9. Enhancing retention and transfer of training material. 

The content of the lesson material is derived from the elements of the enabling 
objectives. Developers should use the training standard portion of the 
Training Evaluation Standard that was developed during the design phase as a 
rough outline for the development of this content. The sequenced enabling 
objectives can be used as the content headings in the body of the lesson. 
Using enabling objectives this way will aid in review, approval, and auditing 
of the lesson plan. However, a simple outline of the material is not considered 
adequate for instructional content because an outline is too brief and leads to 
subjective instruction which does not assure need-to-know information will be 
covered. Therefore, the outline should be developed in sufficient depth to 
assure mastery of the learning objectives and coverage of all test items being 
used for trainee evaluation. Some enabling objectives or portions of enabling 
objectives require activities to make the content more easily understood. 
"Instructor Activities" (Attachment 24) provides appropriate instructor 
activities for the introduction, body, and summary sections of the lesson. 
Trainee activities should be selected from methods listed in "Training 
Methods" (Attachment 19). The methods should be selected based on the 
characteristics described in the attachment, the learning needs of the students, 
and the learning objectives. 

When revising an existing training program each lesson plan should be 
evaluated to assure proper format, instructional continuity, and depth of 
content. Existing lesson plans should not be discarded or considered 
inadequate until they are thoroughly reviewed. See "Lesson Plan Checklist" 
(Attachment 25) for a checklist to be used when reviewing lesson plans. 

4.3 Develop Training Support Material 

Training support materials refer to training equipment. audiovisual media, and printed 
material. When selecting or developing training support materials, the type of 
material is influenced by the learning objectives and method of instruction. Materials 
should support the learning objectives and emphasize job-related information and 
situations. The lesson specifies what training materials are required and when. A 
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guideline for incorporating training material into the lesson is found in "Training 
Media" (Attachment 26). The following steps are performed when developing 
training materials. 

4.3.1 Specify Use of Audiovisual Media. The use of audiovisual media in 
presenting course material can help maintain trainee interest, motivation, and 
improve training efficiency and effectiveness. Media to be considered include 
simulation, computer-aided instruction, film or videotape, sound slide or film 
strip, audio recorder, transparencies, and written handouts. 

The characteristics of a learning activity may suggest that a medium with 
certain audiovisual capabilities will be more effective in displaying or 
transmitting the desired information to the trainees. These characteristics 
(visual, visual movement, exact scale, audio) are summarized in "Learning 
Activity Characteristics " (Attachment 27). Each learning activity must be 
analyzed to determine which of the characteristics should be reflected in the 
audiovisual capabilities of the medium. These four characteristics are not 
independent and combinations of them may be needed to display or transmit 
the information effectively. 

The media selected should be evaluated in terms of cost and practicality of use 
in the training program. Factors to be considered in these evaluations include: 

1. Projected life-cycle costs of the selected media; 

2. Budgetary resources available, particularly if the media requires a 
substantial capital investment; 

3. Appropriateness of the media for the number of trainees to be trained at 
a given time; 

4; Frequency of changes to media; 

5. Compatibility with existing programs; and 

6. Lead time required to produce the media. 

4.3.2 Review and Select from Existing Materials. Developing effective training 
material requires creativity and is both costly and time-consuming. Adopting 
or modifying existing material can reduce training development costs. 
Existing course materials should be collected and reviewed to determine if they 
meet in whole or in part the needs of the training program. Review criteria 
for existing materials is found in "Existing Material Review Criteria" 
(Attachment 28). Material selection should be based on an evaluation of 
existing material against the following criteria: 
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1. Is it appropriate to expected trainee entry-level skills and knowledge'? 

2. Does it cover the learning objectives'? 

3. Is it consistent with learning activities'? 

4. Is it compatible with the Training Development and Administration 
Guide for the program'? 

The review and analysis of existing course material will identify materials to 
be rejected, materials to be accepted without revision, and materials to be 
revised. The materials that are suitable without revision should be 
incorporated into the development process. Material needing revision should 
be modified as described in the following section. 

4.3.3 Modify Existing Training Materials. Modifying existing training materials 
can minimize development time and conserve resources. The modification 
process can involve two approaches: revision of existing training materials that 
are free of copyright restrictions, or preparation of supplementary material for 
training materials under copyright restrictions. Modification should be 
considered when existing materials are incomplete or minor changes are 
needed. For example: 

1. Additional information is needed to meet the requirements of the 
learning objectives and learning activities; 

2. Minor modifications to facility systems, equipment, and/or procedures 
require an update or change; 

3. Minor changes in regulations require an update or change; 

4. Industry operating and maintenance experiences necessitate a minor 
update or change; and 

Existing materials that are incomplete or require minor modification should be 
modified using the following guidelines: 

1. The style and reading level of the modification should be consistent 
with the existing materials; 

2. Modifications should be inserted into existing material where needed; 
and 

3. Some redundancy may be necessary to provide continuity between the 
modifications and the existing materials. 
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4.3.4 Develop New Materials. Development of new training matl'jals should be 
consistent with the learning objectives and should reflect the learning activities 
to ensure that the trainees progress through training in an organized and 
efficient manner. Training materials should be developed u~~.ig guidelines that 
are intended to promote learning. 

The guidelines include formatting that will ensure ease in trainee use. For 
example, charts, graphs, tables, and other illustrations that are effective in 
emphasizing key points should be located on a separate page and in close 
proximity to related information. 

The reading level of training materials should be consistent with the expected 
entry-level skills and knowledge of the trainees. Essential information should 
be located in the materials, and the trainees should not be referred to other 
places for that information. 

More than one representation of key or complex information should be 
included in the materials. Relating the information in a job context is an 
effective way to promote learning. This should include a description of the 
job environment, how the information will be applied on the job, and the 
reasons why it is important for the trainee to learn the information. 

4.4 Conduct Training Tryouts 

During a training program tryout, data is compiled and evaluated to correct faults and 
improve the effectiveness of the lesson plan and training materials. A training 
program tryout includes evaluation of training material for technical accuracy as well 
as instructional effectiveness. The following steps are performed when conducting a 
tryout of the training material: 

4.4.1 Select, Train, and Evaluate Instructors. Instructor qualifications were 
identified during the design phase. In addition to technical competence, 
instructor qualifications should provide oral and written communication 
abilities, interpersonal skills, and instructional capabilities. Instructors who do 
not meet these established qualifications should be trained in advance. 

A continuing training program to upgrade and improve the technical and 
instructional capabilities of instructors should be established. Continuing 
training and development should be based on periodic evaluation of instructor 
performance. Evaluation should include direct observation by a qualified 
evaluator during training sessions and should address technical competence, 
instructional skills, and overall effectiveness in achieving the learning 
objectives. Examples for the evaluation of instructors are contained in 
•sample Instructor Evaluation Form" and "Instructor/Supervisor Evaluation 
Example" (Attachments 29 and 30, respectively). Instructors should remain 
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current with job requirements, facility changes, operating experiences, and 
technical specifications in the facility. 

The use of both announced and unannounced evaluations can improve the 
overall effectiveness of instructor performance. Guidelines to be followed by 
the evaluator should include the following. 

1. Establish a relationship with the instructor based on mutual respect and 
trust; 

2. Review the lesson plan and other course material prior to the training 
session in which the evaluation will occur; 

3. Recognize that the primary purpose of instructor evaluation is to 
improve the quality of training; 

4. Refrain from making comments or participating in training activities; 

5. Schedule and conduct a critique of the evaluation with the instructor; 

6. Provide a completed copy of the evaluation to the instructor; and 

7. Assist the instructor in developing a plan for correcting any deficiencies 
noted. 

4.4.2 Confirm Availability or Trainees. Selection of trainees should be 
coordinated between the training and referent organizations to ensure that 
course loading and scheduling requirements are met. Trainees selected should 
possess the required entry-level skills and knowledge of the scheduled 
program. Trainees should be selected sufficiently in advance to permit 
adjustments in scheduled training (e.g., remedial training) that may be 
required. 

4.4.3 Confirm Availability or Training Facilities and Resources. The availability 
of training facilities and resources identified in the Training Development and 
Administrative Guide should be verified. Conflicts in scheduling or 
availability should be resolved to ensure that required facilities and resources 
are available when training begins. The following guidelines assist in this 
effort. 

1. Confirm that the allocated training facility is adequate and appropriate 
for the number of trainees, learning activities, media, and the numbers 
and types of training equipment to be used; 

2. Check the facility and correct any unsafe conditions; 
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3. Check equipment operability, including spare parts and maintenance 
suppon; 

4. Verify that the facility is properly heated, cooled, and lighted, and is 
reasonably free of distractions; and 

5. Confirm that sufficient training materials for the course are available 
(plant procedures, drawings/schematics, texts, handouts, audiovisual 
aids, tests, tools, consumables, etc.). 

4.4.4 Perform Technical Review. The technical review is performed to ensure the 
training materials are technically accurate, current, and consistent with facility 
systems, equipment, and procedures. The review should be conducted by a 
subject-matter expen who provides feedback to the material developer. All 
materials should be reviewed, and identified deficiencies should be corrected. 
This review should be coordinated as materials are being developed. 

4.4.5 Conduct Small-Group Evaluation. After revisions from the technical review 
have been made, a tryout of the materials should be conducted on a small 
group of trainees. The trainees should possess the entry-level skills and 
knowledge expected of future trainees. Although a minimum of one trainee is 
necessary, additional trainees should be used when personnel availability 
permits. 

During the tryout the training setting should be simulated as closely as 
possible. The lessons are presented, and all appropriate tests are administered 
and scored. Effective small-group evaluation includes the following activities. 

1. Trainees are monitored to determine if the presentation of material and 
directions for study are clear and easily understood. 

2. Presentations and directions that require modification or clarification 
are documented. 

3. Questions asked by the trainees that relate to effectiveness of training 
are recorded; 

4. The length of time taken by trainees to complete training segments and 
tests is recorded; 

S. Test items answered or performed incorrectly by the trainees are 
identified; and 

6. Trainee comments that address the following are obtained: 
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• Difficulty of the material 
• Length of the training 
• Amount of material covered 
• Clarity of the material 
• Terminology used in the material 
• Pace of the training 
• Structure of the material and sequence of training 
• Quantity and quality of practice exercises 
• Quality of the media 
• Relevance of the training to job performance. 

For courses of lengthy duration it is not always feasible to conduct a 
small-group evaluation. An alternative is to conduct small-group evaluations 
on the most important segments of the course. Courses or segments of courses 
not submitted to small-group evaluation should receive increased monitoring 
and emphasis during the first run. See "Indicators of Potential Training 
Program Weaknesses," "Post-training Questionnaire," and "Post-training 
Interview" (Attachments 31 through 33, respectively) for examples of a 
checklist, questionnaire, and interview form that can be used to collect data 
during the small-group evaluation and the first run. 

4.4.6 Conduct Flrst Run. The first run verifies the usability of the training 
material under intended conditions and confirms the revisions made to the 
material during the technical review and small-group evaluation. Prior to 
conducting the first run, material should receive formal approval by the 
training and referent organization management. During the first run, learning 
and administrative problems are noted and trainee comments on the training 
are obtained. Techniques for data collection are the same as for small-group 
evaluation. After collection, the data should be analyzed to improve applicable 
training materials. If problems are identified during the tryout, retraining of 
the trainees involved may have to occur once the materials are corrected. 

4.4. 7 Evaluate Data and Revise Material. Data collected during the small-group 
evaluation and tryout are translated into findin~s, and decisions are made for 
revising the training materials. Progress and post-test scores should be 
collected and analyzed to determine if the intended learning outcome is 
reflected in the learning objectives and their associated test items. If the 
training does not produce the intended learning outcomes, revision of training 
materials should be considered. It should be noted that faulty test items may 
not accurately measure the intended learning outcome of the trainees. Those 
test items consistently missed by trainees should be analyzed for faulty 
construction. Supporting training materials should also be analyzed for clarity, 
completeness, and technical accuracy. 
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Trainee evaluations should be reviewed to detect errors in the presentation, · 
materials, or media that may or may not be apparent to the program developer 
or instructor. Final materials should be approved by the cognizant training 
and referent organization management. 

4.5 Key Considerations 

The following are key considerations that should be emphasized when performing and 
evaluating activities of the development process: 

1. Training methods are appropriate to the training setting and learning activities; 

2. Training events define the structure and sequence of learning; 

3. Learning activities are derived from the learning objectives; 

4. Lesson plans provide a structured approach for conducting consistent training; 

5. The learning objectives guide the evaluation of existing training material; 

6. Development of new training materials is guided by the learning objectives, 
the learning activities, and the expected trainee entry-level skills and 
knowledge; and 

7. Data, acquired during tryout of the training materials, are used to determine 
technical accuracy and training effectiveness, and guide any needed revisions. 
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5.0 IMPLEMENTATION 

The implementation activities described in this chapter should be applied b::':ed on the status 
of an existing program. Some activities are performed only once during implementation of a 
training program while others are repeated each time the program is conducted. Activities of 
implementation are: 

5.1 Conduct Training 

If specified in the Training Development and Administrative Guide, trainees should be 
pretested to ensure that they are adequately prepared. Trainee performance should be 
monitored and evaluated during training. This evaluation should provide for 
recognizing successful performance and areas in need of improvement. The following 
steps are performed when conducting training: 

5 .1.1 Pretest Trainees. Testing of (prospective) trainees should be done if so 
specified in the Training Development and Administrative Guide. The type of 
testing done is dependent on the design of the program and the needs of the 
organization receiving the training. 

Entry-level testing is used to determine whether prospective trainees have the 
fundamental skills and knowledge needed to participate in the training 
program. Such tests are based on the entry level requirements identified in the 
analysis and design phases. Passing the entry-level exam indicates a 
probability of successful completion of the training. Failing the entry-level 
exam indicates that a potential trainee needs remedial training to acquire the 
fundamental skills or knowledge for successful completion of the training. 

Pretests measure the trainees' mastery of the objectives that are addressed via 
the course content. Pretests should be given sufficiently in advance of training 
to allow for adjustments to course direction and scope. Pretest results can be 
used for the following reasons: 

1. Accelerate or except from segments of training those trainees who 
exhibit mastery of specific learning objectives; 

2. Identify overall training program emphasis based on common strengths 
and weaknesses of the group of trainees; and 

3. Preview course content and trainee performance requirements. 

5.1.2 Prepare for Training. Instructors should prepare sufficiently to ensure 
consistent and effective delivery of lessons. Lesson plans should be reviewed 
to ensure familiarity with lesson content, equipment and tools, and the use of 
media, text material, references, and tests. Technical errors should be 
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identified and corrected during this review. The schedule and emphasis should 
be modified based on trainee pretest results. 

Instructor preparation should include a review of all procedures that address 
training implementation. Additionally, the instructor should: 

1. Check the assigned training facility to ensure it is appropriate for the 
number of scheduled trainees, learning activities, equipment, and media 
to be used; 

2. Verify his/her ability to operate equipment and use tools effectively; 

3. Ensure that sufficient supplies of training materials (e.g. consumables, 
text material, handouts, workbooks, tests, procedures, etc.) are 
available and up-to-date; 

4. Verify that the training facility is heated, cooled, and lighted properly 
and is reasonably free of distractions; 

5. Review procedures for monitoring progress, evaluating performance, 
and counseling trainees; and 

6. Review test administration procedures for test storage, retrieval, 
reproduction, and instructions during and after testing. 

5.1.3 Deliver Lessons. Lesson plans outline instructor and trainee activities and the 
resources necessary to support training. Effective training presentation 
requires general adherence to the lesson plan and an understanding of the 
learning process. 

Instructors can guide trainee progress more effectively if they have a working 
knowledge of the learning process. Trainee motivation can be enhanced by 
providing an effective training environment, by identifying a clear indication of 
what must be learned, and by presenting the materials in an organized, 
concise, and factual manner. Techniques that instructors can use to contribute 
to trainee motivation include the following: 

•- Assisting trainees in setting specific, attainable goals and identifying the 
means for achievement; 

•· Actively involving the trainees in the learning process, including 
hands-on application (e.g., equipment, tools); 

., Using rewards to recognize achievement (e.g., certificates, promotions 
keyed to training progression); and 
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• Interjecting competition with self or others (e.g., accelerated pace, 
added skills an employee can use, new equipment the employee can 
operate/maintain, peer group recognition). 

An effective training environment also requires that the trainee exercise good 
listening habits. The instructor should use the following methods to improve 
students' listening habits: 

• Directing attention to the material being presented and eliminate 
distractions; 

• Relating material being presented in personal terms and to personal 
experiences of the instructor or the students; 

• Using learning objectives to organize ideas; and 

• Reviewing and summarizing the main idea(s). 

Meanwhile, students should be: 

•· Evaluating the material only after the facts have been presented; and 

• Asking questions when they are uncertain or confused. 

5.1.4 Evaluate Trainee Performance. Trainee performance should be evaluated 
regularly during and at the completion of the training program. Evaluation 
measures trainee progress and provides performance feedback to the instructor 
and the trainees that serves to reward success and identify needed improvement 
in trainee performance. Trainee performance is also used to evaluate the 
effectiveness of the training program. 

Pre-tests, progress tests, and post-tests are administered as scheduled in the 
lesson plan to evaluate trainee performance. The following guidelines should· 
be used in administering tests: 

1. Security of tests and answer keys should be maintained during storage, 
reproduction, and testing of trainees to prevent compromise; 

2. Trainees should be given prior notification of scheduled tests and 
materials needed (i.e., calculators); 

3. Instructions to the trainees should include the purpose of the test, the 
importance of following instructions, and time limitations; 

47 



DOE-HDBK-1078-94 

4. Equipment and tools used during performance tests should be available 
and in operational condition; 

5. Written tests should be corrected, graded, and reviewed with the 
trainees in a timely manner to enhance benefits derived from the test; 
and 

6. In performance tests, deficiencies should be identified, a grade given, 
and the trainee advised of the results promptly. 

Trainee performance and progress toward achieving mastery of the learning 
objectives should be monitored closely. Monitoring should identify 
satisfactory performance and trends that may indicate potential problems. 
Trainees should be counseled periodically to review progress and at any time 
when deficiencies occur. Counseling should address trainee performance 
strengths and/or deficiencies and include a plan for improvement, if needed. 
The trainees' supervisor(s) should be kept informed of trainee progress and be 
involved in counseling when performance problems warrant. 

Standards for evaluating trainee performance should be applied consistently. 
Trainees should not be permitted to complete the training program or progress 
to another segment of training until deficiencies have been corrected and the 
training standards met. A program of remedial training or recycling to 
previous segments of training can be beneficial in correcting trainee 
performance deficiencies. Remedial training is a cost-effective alternative to 
removal from training. 

5.2 Conduct In-Training Evaluation 

During training, data should be collected for subsequent use in evaluating and 
improving training program effectiveness. Evaluation information is collected from 
test performance data, instructor critiques and trainee critiques. Evaluation of the 
training program is addressed in the process. If the above data sources indicate 
recurring problems or suggest the need for improvement, follow the analysis and 
revision process outlined in Section 6. 0 of this Handbook. 

S.2.1 · Collect Test Performance Data. Trainee test scores should be used to assess 
trainee progress and improve training and testing effectiveness. If a large 
number of trainees experience difficulty with a training segment, as reflected 
in their test scores, the training material or test items may be faulty and in 
need of revision. An exception analysis (see Evaluation Section 6.2.2, 
Conduct Exception Analysis) should be conducted to evaluate test data before 
revisions are made. Progress test and post-test scores should be compiled 
routinely during training. After the test scores are tabulated in a usable form, 
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an analysis should be conducted and interpretations made. Analysis may 
indicate changes or modifications needed to the training material. 

5 .2.2 Perform Instructor Critiques of Training. Instructors are a unique source of 
evaluation data. They can identify problems involving technical accuracy, 
completeness, pace, sequence, and level of difficulty of the training materials. 
A procedure for recording these problems when they occur should be 
established. Problems noted and suggestions for improvement should be 
reported in training critiques. The critique should be submitted by the 
instructor at the completion of training segments or at any time a problem of 
significance is identified. Evaluations should be performed in each training 
setting the instructor functions. "Instructor Lesson Rating Form" (Attachment 
34) is an example of this type of critique. 

Although instructor training critiques are a valid source of evaluation data, 
recommended changes should be analyzed along with the training supervisor's 
performance evaluation of the instructor and the success of trainees in 
completing the segment of training. 

5 .2.3 Obtain Trainee Critiques of Training. Trainees can provide useful feedback 
for improving presentation of course material. A questionnaire completed by 
trainees after major segments of training should focus on course effectiveness 
and ways in which training can be improved. It should address the pace of 
training, clarity of the material, and the quality of the media. 

Trainee critiques of training should be used by the instructors to improve their 
performance and can be helpful when used in conjunction with instructor 
performance evaluations. See "Sample Course Critique" and "Example 
Employee Training Evaluation" (Attachments 35 and 36, respectively) for 
evaluation instruments to be completed by trainees. See "Revision Critique 
Summary" (Attachment 37) as an aid to improving the training program 
through the use of trainee critiques. 

5.3 Document Training 

The documentation of training includes preparing, distributing, storing, controlling, 
and retrieving records and reports that address the training program and trainee 
participation. These records and reports assist management in monitoring the 
effectiveness of the training program. They also provide a historical reference of 
changes that have occurred within a program due to evaluations. When documenting 
a training program, the training program and trainee records are maintained and 
reports prepared, as indicated by the recommended steps below. 

5.3.1 Maintain Training Program Records. Training program records should be 
maintained to permit review of content, schedules, and current and past 
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program results. These records should be classified according to type and 
retention period. They should be located, organized, and indexed for ease of 
retrieval. Training program records should include the following. 

1. Most recent job and task analysis data used in training program 
development; 

2. Course schedules; 

3. Lesson plans and tests; 

4. Trainee attendance summaries (name, course, dates, and test results); 

5. Instructor evaluations; and 

6. Reports of program audits and evaluations. 

5.3.2 Maintain Trainee Records. Records of the training and qualification of 
facility employees should be maintained. Records should be current and 
organized to permit efficient but controlled retrieval. A trainee's record 
should contain the individual's training history and the identification of 
required training that has not been completed. Specifically, trainee records 
should include the following. 

1. A summary of the individual's education, training, experience, and 
qualifications at the time of hire; 

2. A summary sheet indicating the individual's current and previous 
positions with the company, training received, qualifications achieved, 
and continuing training required; 

3. A record of training completed, including course title, attendance dates, 
test performance, and certifications of successful course completion; 

4. A record of training attended but not successfully completed, including 
course title, attendance dates, and test performance evaluations; and 

5: A record of waivers or exceptions granted, including course titles and 
statements of justification. 

5.3.3 Prepare Training Reports. The training organization should report 
periodically to appropriate levels of management on the status and 
effectiveness of training activities. Significant training events or problems 
should be identified and reported when they occur. Although specific aspects 
will vary with individual contractors, the reports should address the following. 
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1. Completion of training programs, including course title, dates, and 
summary of trainees' performance; 

2. Attrition of individual trainees, including a summary of performance 
problems, remedial actions, and final disposition; 

3. Evaluations and audits of training program effectiveness, use of training 
manpower and resources, and achievement of goals and objectives; 

4. Recommendations for improving course scheduling; and 

5. Action plans for completing program improvements. 

5 .4 Key Considerations 

The following are key considerations that should be emphasized when performing and 
evaluating activities of the implementation phase. 

1. Procedures are developed and used to implement the Training Development 
and Administrative Guide; 

2. Technical and instructional qualifications are based on job performance 
requirements; 

3. Trainees meet the training program prerequisites; 

4. Training facilities and resources are available and appropriate for training; 

5. Pretests are administered to trainees prior to training; 

6. Instructors make all necessary preparations prior to training; 

7. Instructors ensure they are using the most current procedures and lessons; 

8. Instructors adhere to lesson plans; 

9. Instructor performance is evaluated on a regular basis; 

10. Trainee performance is evaluated regularly and upon completion of training, 
using established performance standards; 

11. Security of tests and answer keys is maintained to prevent compromise; 

12. Instructor and trainee critiques of training and trainee test scores are used in 
evaluating training program effectiveness; and 
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13. Trainee and training program records are maintained for evaluating training 
program effectiveness. 
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6.0 EVALUATION 

The evaluation phase of performance-based training takes place in order to c! "!termine the 
effectiveness of the training program. Evaluation is the quality assurance component of the 
performance-based training model. There are three major activities involved in evaluation: 
monitoring of indicators, analyzing information, and initiating corrective actions. 

6.1 Monitor Indicators 

Data should be collected for each indicator that provides the best indication of training 
effectiveness. While this data collection should be continuous in many cases, it is a 
"batch" process. In these cases, the frequency for which these items are reviewed 
should be determined based on the frequency management feels is necessary to ensure 
the currency of the training program. The following indicators can be monitored to 
determine training program effectiveness. 

6.1.1 Monitor Facility Operating, Maintenance, and Industrial Safety 
Experiences. Facility operating, maintenance, and industrial safety 
experiences should be monitored to identify employee performance problems 
caused by improper training. Facility events and industrial accident reports 
can identify tasks for which inadequate training may be contributing to 
equipment damage, excessive unavailability, unscheduled maintenance, 
rework, unsafe practices, or lack of adherence to approved procedures. This 
information should be supplemented with interviews. Training personnel 
should monitor the frequency of personnel errors, and review accident and 
event reports for training implications using the following questions. 

1. Did the employee fail to follow prescribed procedures? 

2. Did the employee improperly diagnose the situation? 

3. · Was the employee misinformed or unaware of the correct procedure? 

4. What was the specific sequence of events? 

S. Has this problem or a similar problem occurred in the past? 

6. Was an individual injured? 

T. Was equipment damaged? 

8. Was a significant amount of work time lost? 

9. Was a technical safety requirement or standard violated? 
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10. Does the report describe a new or unusual situation? 

11. Was the employee newly assigned to this position? 

12. Are job performance standards different from those used in training? 

6.1.2 Collect Employee and Supervisor Feedback. Employee, supervisor, and 
instructor feedback is gathered to identify program strengths and weaknesses. 
Instructor and student critiques completed during implementation should be 
included in this data. This feedback can be gathered using checklists, 
numerical rating scales, questionnaires, and interviews. Regardless of the 
material, process, or program being evaluated, there are general principles that 
should be followed to construct an evaluation instrument. 

Checklist FormaJ. A checklist is used to observe a process or assess a product 
to judge whether the actions or results meet predetermined standards. 
Examples of checklist evaluation forms are "Lesson Plan Review Criteria 
Checklist," "Instructor Observation Checklist-Classroom," and "Training 
Development Recommendation Checklist" (Attachments 38 through 40, 
respectively). Checklists might be used· to determine if a lesson plan is 
complete and ready for instructor use, if a trainee's job performance was 
satisfactory after training, or if an instructional session was conducted 
properly. The following guidance may be helpful when constructing a 
checklist. 

1. Identify all actions or key points to be evaluated. Each must be 
important, observable, and measurable; 

2. Identify the most frequent problems found in the activity to be 
evaluated; 

3. Convert these problems (negative statements) into positive statements 
that describe satisfactory performance or describe satisfactory products; 
and 

4. If possible, have a model or samples of acceptable materials to help the 
user judge whether standards of accuracy and quality are met. 

Numerical Rating Scale Fonnat. The use of a numerical rating scale helps 
control the subjectivity of the evaluator and provides better discrimination than 
a simple pass/fail or satisfactory/unsatisfactory choice. Numerical rating 
scales should include \':'°itten descriptions of typical performance to hdp guide 
evaluators in rating pertormance. A numerical rating scale can be used to 
evaluate a trainee's performance on many tasks, evaluate group interactions, or 
collect feedback from facility management on trainee performance. For 
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example, numerical scales might be used to collect post-training feedback from 
trainees and supervisors, and to conduct instructional setting evaluations. 
"Laboratory Instructor Evaluation," "Instructor Performance Assessment 
Instrument," "Supervisor's Post-Training Feedback," "Simulator Instructor 
Observation," and "Trainee Post-Training Evaluation" (Attachments 41 
through 45, respectively) are examples of numerical rating scale evaluation 
measures. Numerical rating scales also help reduce common rating errors 
such as: 

1. Under- or over-rating specific performances because of a general or 
overall impression; 

2. The tendency to rate most performances as average (avoiding highs and 
lows); and 

3. The tendency to give similar ratings to two or more performances, 
related in the mind of the evaluator. 

The following guidance may be helpful when constructing numerical rating 
scales: 

1 Select the performance to be evaluated. It should be important, 
observable, and measurable; 

2. Decide if the scale will contain an even or odd number of possible 
responses and how many possible responses will be supplied per item. 
Once this is determined all the selected performances being evaluated 
should have the same number of possible responses. Keep the scale 
simple for ease of use; and 

3. Two different weighting systems could be used. One system assigns a 
low-to-high rating across the range of numbers. Two examples are 
low-medium-high and poor-good-excellent. A preferred system adds 
written descriptions of typical performances that describe what the 
ratings mean. Write the descriptions so they are balanced and accurate. 

Questionnaire Fonnat. A questionnaire is used to elicit opinions, obtain 
information, and collect feedback about the work or training environment. 
"Trainee Cumulative Feedback Evaluation," "End-of-Course Training 
Evaluation," and "Program Evaluation" (Attachments 46 through 48) 
questionnaires should be administered to individuals or groups as appropriate. 
Data collected in a group setting tends to be more reliable than mailed 
questionnaires. If mailed questionnaires are used, they should include a letter 
from a senior company official that explains the purpose of the questionnaire, 
solicits the individual's help, and thanks the respondents for their time. 
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Questionnaires distributed without addressing these topics usually have very 
poor results. Questionnaires can also be completed in an interview. If 
interviews are used they should be held in a controlled environment, free of 
noise or disruption. Responses should be recorded. The following guidance 
may be used when developing a questionnaire. 

1. Define the purpose of the questionnaire. This can be done by asking 
the following questions: "What do we want to find out'?", "Why do we 
want to find that out?", "When do we need the information?", "How 
can we best get the information we need?", "Where should we gather 
information?", and "Who is the information for and from whom should 
we collect the information?" 

2. Select evaluation questions to be used in the questionnaire. There are 
generally three sources for these questions. These include managers 
and users of the information to be collected; previously collected data, 
interviews, and fieldwork with people in the environment; and other 
questionnaires that have been used for similar purposes. 

3. Determine the types of questions required. Generally, three types are 
used. 

• Performance Questions - This type of question usually asks 
what has actually been performed. These questions are aimed at 
descriptions of actual experiences, activities, or actions and 
corresponding performance that would have been observable had 
the evaluator been present to observe the actions; 

• Opinion Questions - This type of question can help identify 
problem causes and suggest possible solutions. These questions 
are aimed at finding out what people think about something. 
Opinion questions reflect people's goals, intentions, desires, and 
values; and 

• Knowledge Questions - These questions assess what factual 
information the person has. The assumption is that certain facts 
are prerequisites for effective performance. 

4. Focus each question on a specific point. Provide cues or a point of 
reference to help the respondent. For example, "What problems have 
you had in calibrating the transmitter since you were trained?", or 
"Based on what you know about the new modification procedures, what 
should be changed in this course'?", or "In your opinion, should the 
fundamentals section of operator training be resequenced in the 
course?" 
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5. Specify the type of comparison or judgment to be made. Provide 
specific, appropriate bases from which comparisons or judgments can 
be made. Do not mix performance-based with other types of scales 
within the same response. 

When gathering feedback from employees the following questions should be 
considered. 

1. What additional training have you received since being assigned to your 
job? 

2. What unexpected difficulties or problems in job performance have you 
experienced? 

3. Has your supervisor given you instructions different from those you 
learned during training? What were they? 

4. Have you noticed other differences between the training you received 
and what is expected of you now? 

5. Have changes occurred in your job since you were assigned? 

6. How were you prepared to handle these changes? 

7. Which tasks do you find easiest? 

8. Which tasks do you find especially challenging? 

9. Looking back, what specific training benefitted you most? 

10. What kinds of errors have been committed on the job? 

11. What suggestions would you make to improve training? 

12. What additional training do you need for your job? 

Supervisors should be interviewed to determine how well training is preparing 
new employees to perform their jobs and what training is needed for current 
employees. The following types of questions can be used to collect 
supervisors' responses. 

1. How well do employees (both newly-trained and experienced) perform 
on the job? 

2. What tasks were newly-trained employees best prepared to perform'? 
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3. For what tasks were they inadequately prepared? 

4. Are employees able to diagnose conditions and identify alternate 
solutions for accomplishing a task? 

·. 
S. What kinds of errors have employees committed? 

6. Which tasks require excessive time for employees to complete? 

7. How do newly-trained employees compare to those who received 
earlier training? 

8. What additional training have they received since they were assigned 
job responsibilities? 

9. Have employee errors caused equipment damage or failure? 

10. Has rework by maintenance personnel been required due to personnel 
errors or lack of adequate training? 

11. Have increases in rework, unscheduled maintenance, or overtime 
occurred in jobs performed by newly-trained employees? 

12. Have employees been commended or warned for unusually good or bad 
job performances? 

13. Have you observed unexpected results from training? 

14. Has training created any new problems? 

15. What suggestions would you make to improve initial or continuing 
training? 

16. Do you expect any changes in job assi:."'!ments or equipment that will 
require additional training or changes in current training? 

17. What current training do you consider to be excessive or unnecessary? 

6;1.3 Review Facility Inspection and Evaluation Reports. Facility and corporate 
inspection and evaluation reports (including quality assurance audits) should be 
reviewed for indications of training-related weaknesses. The following 
questions should be answered by this review. 

1. How effectively is training preparing employees to conform to plant 
procedures? 
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2. To what extent do training activities conform to established procedures? 

3. In what areas of training is improvement needed? 

Review facility evaluations and audits reports for recommendations for 
improvement in the following areas: 

l. Organization and management of the training system; 

2. Trainee selection; 

3. Development and qualification of training staff; 

4. Support of training with facilities, equipment, and materials; 

5. Conduct of job analysis and identification tasks for training; 

6. Establishment of training program content; 

7. Development of learning objectives as the basis for training; 

8. Organization of instruction using lesson plans and other training guides; 

9. Conduct of classroom and individualized instruction; 

10. Conduct of on-the-job training; 

11. Conduct of simulator training; 

12. Conduct of laboratory training; 

13. Examinations and evaluations leading to qualification/certification; and 

14. Systematic evaluation of training effectiveness. 

6.1.4 Review Facility Modifications and Procedure Changes. Facility 
modifications may require special training, changes in existing training, or 
additions to continuing training. Design changes, facility modifications, and 
procedure changes should be reviewed and tracked for training implications 
and considered for incorporation into existing training programs. 

6.1.5 Review Industry Operating and Maintenance Experiences. Industry 
operating and maintenance experiences should be reviewed for applicability 
and possible incorporation in facility training programs. This information can 
be obtained from several sources such as Unusual Occurrences and DOE 
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investigations. Incorporating industry operating experience into facility 
training enables contractors to benefit from each other's experiences. Industry 
operating and maintenance experience reports should be screened to answer the 
following questions. 

1. How unique is the event? 

2. Do similar conditions exist at this facility? 

3. What is the potential for the event to occur here? 

4. What consequences to personnel or equipment will result if the event 
occurs'? 

5. Is there evidence that this event may be part of a trend'? 

6. What specific training should be provided to prevent the occurrence or 
mitigate the consequences of such an event at this facility? 

6.1.6 Regulatory Developments. Training personnel should monitor DOE and 
Nuclear Regulatory Commission orders, regulations, special reports, etc., for 
information and changes in requirements affecting training. The impact of 
regulatory changes can be evaluated using the following questions. 

1. What conditions do the changes address? 

2. Do those conditions exist at this plant? 

3. Will changes influence the way our personnel perform their tasks? 

4. What specific effects will this change have on training? 

5. Does the condition require an immediate response? 

6.2 Analyze Information 

Program evaluation information must be analyzed before it can be used to make 
changes in training. The simplest method of analysis that will yield the information 
required should be used. Analysis methods include exception analysis and content 
analysis. Some types of data should be organized and tabulated using frequency 
distributions prior to analysis. Apparent performance discrepancies must also be 
verified through discussions with appropriate personnel. The following activities are 
used to analyze data: frequency distributions, exception analysis, content analysis, and 
root cause identification. 
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6.2.1 Frequency Distributions. Frequency distributions should be used for 
organizing, summarizing, and displaying data. They can be constructed using 
simple counting, averaging, and graphing procedures that show how often 
particular events have occurred. They are normally used as the first step in 
analyzing responses to surveys and trainee progress test results. 

After all data from the indicators is collected, responses are tabulated. Totals 
are then entered into the corresponding spaces on a blank survey. The average 
(mean) response for each item is calculated and displayed on a bar chart. The 
bar chart presents survey information in a simple visual form. It highlights 
high and low values and permits easy comparison with acceptable performance 
standards or sets of previous data. 

6.2.2 Exception Analysis. Exception analysis is used for reviewing data to detect 
unacceptable variations from a predefined standard. Facility operating, 
maintenance, and industrial safety experience should be analyzed using this 
method. Increases in the frequency of accidents, injuries, personnel errors, 
rework or unscheduled maintenance, or increases in overtime above normal 
levels may indicate a need to provide additional training or improve existing 
training. Acceptable levels should be established for each of these parameters 
as criteria for comparison. If any observed value deviates from the criteria, 
the cause should be investigated. 

Feedback from employees and employee exams, supervisors, and instructor 
and trainee critiques should be analyzed to indicate if any training problem 
needs to be investigated. 

6.2.3 Content Analysis. Content analysis depends primarily on the expertise and 
professional judgment of the individuals performing it. Content analysis 
should be considered for use with all types of information and may be used in 
conjunction with exception analysis. Interview responses should be analyzed 
using content analysis. The following guidelines should be used when 
performing content analysis: 

1. Look for agreement. If respondents provide the same or similar 
answers, these answers are more likely to be valid; 

2~ Do not disregard responses. Do not attempt to "second-guess" 
employees, supervisors, or subject matter experts. If a response 
appears erroneous or exaggerated, follow up with observations and 
additional discussion; and 

3. Focus the analysis on discovering specific tasks or subject areas in 
which training refinements seem necessary. 

61 



DOE-HDBK-1078-94 

6.2.4 Root Cause Identification. Identification of the root cause should lead to 
determination of the appropriate corrective action. Utilize training and facility 
personnel in the identification of root causes and the determination of 
appropriate solutions. In general, root causes are identified by first identifying 
specific symptoms of the problem. Then alternative causes are generated and 
investigated until they are confirmed or eliminated. 

Identification of root causes may be aided by the use of evaluation standards 
produced during the design phase. When facility events or feedback from 
employees or their supervisors indicate that workers have difficulty with 
specific tasks, administering applicable evaluation standards to a group of 
workers may disclose the nature of the problem and its cause. 

6.3 Initiate Corrective Actions 

If a performance discrepancy or potential problem is discovered and analysis confirms 
that training can contribute to a solution, action should be initiated to correct the 
existing or potential problem. Training modifications initiated because of existing 
deficiencies in personnel performance and those resulting from changing needs should 
be processed in a similar manner. Improvements and changes to training should be 
initiated and tracked systematically. Analysis results should be retained to document 
evaluation activities and indicators should continue to be monitored. 

Because of the amount of work and cost involved, any decision to modify training 
should be carefully considered. :Each facility should establish a procedure for 
deciding whether or not training should be changed, how it should be changed, and to 
whom the new or modified training should be provided. 

Improvements or revisions involving any phase of the training process (analysis, 
design, development, implementation, or evaluation) should be completed in a timely 
manner. Since some performance deficiencies can be eliminated by better 
implementation of an existing program, with no changes in the program itself, this 
should be considered. 

6.4 Key Considerations 

The following considerations should be emphasized when performing and evaluating 
activities during the evaluation phase. 

1. Responsibility for monitoring indicators, analyzing data, and approving 
revisions is clearly defined; 

2. The training department is alerted to facility operating, maintenance, and 
industrial safety experiences; 
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3. Communication on training effectiveness occurs between plant supervisors and 
the training department; 

4. Employee opinion of the quality and effectiveness of training is collected 
periodically; 

5. The training department is alerted to employee performance errors; 

6. The training department meets with maintenance and operations, supervisors 
and engineers to determine potential training problems; 

7. Training uses facility inspection and evaluation reports to guide program 
revisions; 

8. Facility modifications and procedure changes are monitored for training 
consequences; 

9. Training monitors industry operating and maintenance experiences for program 
impacts; 

10. Regulatory changes are reviewed for training consequences; 

11. Program performance data is analyzed; 

12. Proposed changes are reviewed by appropriate facility and training personnel; 
and 

13. Training changes are tracked. 
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ATTACHMENT 1 
TRAINING NEEDS ANALYSIS REPORT 

Requester: _________ _ 

1. Task(s) requiring improvement: 

2. Frequency of the performed task(s): 

Tracking No.: --------
Date Issued: 

3. Consequences of improperly performed task(s): 

4. Reason(s) task(s) require improvement: 

S. Training recommendation(s): 

6. Training action plan if applicable (identify individual/depanment responsible for delivery of 
training): 

(Training Analyst) 

Reviewed By: 

(Training Manager) 

(Requester) 

(Supervisor) 

0 Approve Recommendation 

If recommendation is rejected, identify an alternative solution: 

(Date) 

(Date) 

(Date) 

(Date) 

0 Reject Recommendation 

(Please retum completed form to originator and training analyst.) 
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ATTACHMENT 2 
GUIDELINES FOR WRITING TASK STATEMENTS 

REQUIREMENTS 

Use wording that is easily 
understood. 

EXAMPLE 

"Compare written description to actual 
performance" 

Not 
"Relate results to needs of field." 

Be precise. Use words that mean the Minimize the use of vague words like "check, 
same thing to all personnel int he coordinate, and assist." 
job classification. 

Write separate, specific statements 
for each task. 

"Supervise files." 
"Maintain files." 

Not 
"Have responsibility for maintaining files." 

Completeness: Use abbreviations only after spelling "Emergency Cooling System (ECS) may be 
out the term. followed by 'Start up the ECS. '" 

Include both form and title number 
when the task is to complete a 
standard form, unless all that is 
needed is the general type of form. 

"Complete Task Description Worksheet" 
(Form No. XXX). 

Conciseness: Be brief. Short phrases are 
preferred. 

"Write production and control reports.". 
Not 

Consistency: 

Begin with a present-tense action 
word (subject "I" or "you" is 
understood). 

"Accomplish necessary reports involved in the 
process of maintaining production and control 
procedures." 

"Clean" or "Write." 

Indicate an object of the action to be "Clean~-" "Write mzwl." 
performed. 

Use terminology that is currently 
used on the job. 

Avoid stating a person's 
qualifications, such as experience or 
education. 

"Use applicable DOE documentation." 

"Load computer tape." 
Not 

"Has on year computer training." 

Omit items on receiving instruction, "Give instruction." 
unless actual work is performed Not 
during training. "Attend lecture." 

68 



DOE-HDBK-1078-94 

ATTACHMENT 3 
TASK RATING SYSTEM 

Frequency of Performing Task: 

Minimum 

Maximum 

Importance of Task: 

Minimum 

Maximum 

1. Less than once per year 

2. Once every five to twelve months. 

3. Once every three weeks to four months. 

4. Once every one to two weeks. 

5. More frequent! y than once per week. 

l. Consequences of improper performance are negligible (improper 
performance would make no difference in plant operation). 

2. Consequences of improper performance are undesirable (improper 
performance may impair reliability of a system or a process). 

3. Consequences of improper performance are serious (improper 
performance may require an Unusual Occurrence Repon). 

4. Consequences of improper performance are severe (improper 
performance may result in an Alen Event). 

5. Consequences of improper performance are extremely severe 
(a serious injury or site emergency may result). 

Difficulty in Performing Task: 

Minimum 1. "Very easy" to perform. 

2. "Somewhat easy" to perform. 

3. "Moderately difficult" to perform. 

4. "Very difficult" to perform. 

Maximum S. "Extremely difficult" to perform. 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

INTRODUCTION 

This survey is designed to gather information about the Operator position at 
------· Its specific purpose is to obtain from you, the job incumbent, information concerning 
technical tasks that make up your job. The information collected from this survey will be used by the 
Training Department to design training programs which reflect actual job requirements. This is possible 
only with your cooperation. Please consider each item listed in the survey, carefully. Your contribution 
to this effort is essential. If you have any questions or problems related to this survey please contact the 
Training Department. Thank you for your assistance in this effort. 

GENERAL INSTRUCTIONS 

Before beginning this survey, look through the booklet and become familiar with the contents and all 
instructions. It is important to review the task inventory and become familiar with it, in order to make 
a valid assessment of each task statement. 

The survey is divided into two sections: 

• Section I-Biographical Information-Asks for some information about your background, general 
job description, and plant facilities. These descriptions will be used to sort survey responses into 
common groups. In the event that clarification of a response is required, your name is requested. 
All survey responses will be treated confidentially. 

• Section Il-Task Statements-Contains a listing of specific tasks which may or may not be part 
of your particular job. These tasks are grouped by systems or duty areas and related tasks are kept 
together to make it easier for you to think about any tasks you perform that may not have been 
listed. You are asked to rate each task in terms of its "frequency," "importance," and overall 
"difficulty." These terms are defined in more depth in the following pages. 

Remember that your responses to the items in this survey should reflect what you do when performing 
your job as an Operator. If referring to a procedure or reference would assist you in responding to an 
item, please feel free to do so, but give your own opinion. 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

SECTION I-BIOGRAPHICAL INFORMATION 

Name=-----------~ Date:--------------

1. What is your present job level? (Mark one) 

0 Supervisor 0 Operator 0 Operator Trainee 

2. How long have you worked in your present job title? __ Year(s) _ Month(s) 

3. What is the highest level of education you have received? 

a. Grade school 

b. __ Attended high school, but did not graduate 

c. __ Graduated from high school or equivalent 

d. __ Attended trade/vocational school, but did not graduate 

e. Graduated from trade/vocational school 

f. __ Attended college, but did not graduate 

g. __ Graduated from college. 

4. How many years of formal vocational/technical education have you had beyond high 
school? 

a. Military schools ---- years ________ months 

b. Nonmilitary schools __ _ years -------- months. 

S. Please place a check mark beside each of the areas below in which you have had at least six 
(6) months experience: 

Area I: 

Area II: 

C-331 
C-315 
C-310 
C-310A 

C-333 
C-333A 
RCW 
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Area III: 

Area IV: 

Building: 

C-360 
C-350 
C-340 
C-335 

C-337 
C-337A 

C-300 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

SECTION II-TASK STATEMENTS 

This section contains a list of tasks each of which may or may not be part of what you do on your 
present job. Because this survey is being taken by individuals with several experience and responsioility 
levels, we expect that some individuals will not perform many of the taskS and few individuals will 
perform all of the tasks. 

You are asked to make three ratings for each task that is part of l'.Qllt job: Frequency (how often you 
do the task), Importance (how serious it is if the task is done improperly), and Difficulty Qiow haid it 
is to do the task properly). If you are !lQ1 responsible for performing a particular task, just circle "Zero" 
(Never) for that task. It is anticipated that there may be tasks listed for which you are responsible, but 
may not have {>erformed (for example, a task which is rarely performed, such as an emergency or 
abnormal situation). The three rating scales that follow are explained in more detail, and are repeated on 
the last page of the booklet which should be folded out for easy reference. Please rate these tasks to the 
best of your ability. Be sure to mark an answer for every task. Please use a pencil in case it is necessary 
to change a response. 

Frequency 

In this column you are asked to indicate how often you perform each task. When estimating the 
frequency of performance, think back over your activities and indicate how often you personally have 
performed each task by circling the appropriate frequency code number from the scale below: 

1 = RARELY -Perform once a year or less 

2 = SELDOM-About three or four times a year 

3 =OCCASIONALLY-About one time per month 

4 = OFTEN-About once a week 

5 = VERY OFTEN-Daily. 

Importance 

This column asks you to rate the overall importance of each task in terms of the consequences of 
inadequate performance. You should consider the overall impact with regard to possible unnecessary 
contamination, damage to equipment and systems, injury to personnel, loss of production capability ani:l 
~sible environmental impact from failure to perform a task properly. Rate task importance using the 
fOllowing guidelines: 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

1 = NEGLIGIBLE-Improper task performance does not result in unnecessary exposure nor does it 
make any difference in plant operation (no lost production). Neither does it pose any personnel 
or environmental safety consequences. 

2 = UNDESIRABLE-Improper task performance may result in a dose considered inconsistent with 
ALARA or cause some undesirable consequences to plant operation (reduced production capability 
or some potential environmental impact). 

3 = SERIOUS-Improper task performance may result in exceeding plant or equipment operating 
limits, which may require moderate corrective action. 

4 = SEV~~-Impr~per task perfori:nance may result in equipment damage or personnel injury 
requmng extensive correcuve acuon. 

5 = EXTREMELY SEVERE-Improper task performance may result in serious exposure or 
contamination. implying possible health consequences or plant/equipment consequences that may 
be enormously time consuming or costly to correct. 

Difficulty 

This scale is used to rate the difficulty of performing a task in the typical setting or location, rather than 
in unusual circumstances or in locations rarely encountered. In juiiging task difficulty, consider the 
knowledge required to perform the task or the mental activity required. Rate task difficulty using the 
following scale: 

1 = VERY EASY-The mental activity required is low, and the degree of task complexity is low. 

2 = SOMEWHAT EASY -The mental activity required is low, and the degree of task complexity is 
medium. 

3 = MOD ERA TEL Y DIFFICULT-The mental activity required is medium, and the degree of task 
complexity is medium. 

4 = VERY DIFFICULT-The mental activity required is medium to high, and the degree of task 
complexity is high. 

5 = EXTREMELY DIFFICULT-The mental activity required is medium to high, and the degree of 
task complexity is very high. 

The examples below illustrate how to make your ratings for each task. The ratings shown in these 
examples. are not meant to be accurate for any given job, but to show the correct way to mark your 
responses. 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

The example immediately followin~ shows the most common type of response where the task is 
performed as pan of the individual's Job. The incumbent performs -the task "about once a week," thus 
No.4 has been circled in the Frequency column. Number 3 has been circled in the Importance column, 
because the incumbent feels that "improper task performance may result in consequences requiring 
considerable corrective action. "Again, No.4 has been circled in the Difficulty column because the 
incumbent feels that task difficulty is high: 

1. 

Task 

Qperate Vibration 
Detection System 

Never 

0 

Frequency Importance Difficulty 

12 3@5 1 2 (3)4 5 123@5 

In the example below, the person completing the survey does nS21 perform the task as pan of his/her 
present position. Zero(O) has been circled under Never and the other scales have n.Q1 been marked: 

1. 

Task 

Unload Lube Oil 
Tank Car 

Never Frequency 

12345 
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Importance Difficulty 

12345 12345 



102. 

102.1 

102.2 

102.3 

102.4 

102.5 

102.6 

102.7 

102.8 

102.9 

102.10 

102.11 

102.12 

102.13 

102.14 

102.15 

102.16 

102.17 

102.18 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

PROCESS COOLANT SYSTEM 

Task Never Frequency Importance 

Prepare tank car for 0 1 2 3 4 5 1 2 3 4 5 
unloading. 

Unload tank car. 0 12345 12345 

Obtain moisture content 0 l 2 3 4 5 1 2 3 4 5 
samples. 

Dry coolant. 0 l 2 3 4 5 l 2 3 4 5 

Regenerate molecular sieve. 0 l 2 3 4 5 l 2 3 4 5 

Leak rate systems and 0 12345 12345 
headers. 

Operate liquid transfer 0 12345 12345 
pumps. 

Operate IR pumps. 0 12345 12345 

Operate Beech-Russ pumps. 0 12345 12345 

Operate UF6- Pit R-114 0 l 2 3 4 5 12345 
separation unit (C-335). 

Obtain coolant negatives on 0 l 2 3 4 5 12345 
cells and· equipment. 

Sample for negatives. 0 12345 12345 

Detect leaks through soaping 0 12345 12345 
(Gastech and OVA). 

Calibrate OVA. 0 12345 12345 

Perform routine daily checks. 0 12345 12345 

Perform prescheduled tests 
aad inspections. 

0 12345 12345 

Complete safety system 0 12345 12345 
documentation. 

Pump coolant to running 0 12345 12345 
systems. 

7S 

Difficulty 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 

12345 
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DOE-HDBK-1078-94 

ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

Task Never Frequency Importance Difficulty 

102.19 Appl:y/lssue electrical work 0 12345 12345 12345 
penmts. 

102.20 Appl:y/lssue huardous work 0 12345 12345 12345 
penmts. 

102.21 Apply/Issue DNO tags. 0 12345 12345 12345 

102.22 Adjust coolant pressures and 0 12345 12345 12345 
temperatures. 

102.23 Interpolate coolant data. 0 1 2 3 4 5 1 2 3 4 5 12345 

102.24 Transfer coolant to other 0 1 2 3 4 5 1 2 3 4 5 12345 
buildings. 

102.25 Obtain coolant data. 0 12345 12345 12345 

102.26 Operate coolant 0 12345 12345 12345 
instrumentation and 
interpolate it. 

102.27 Troubleshoot coolant alarms. 0 12345 12345 12345 

102.28 Drain coolant. 0 12345 12345 12345 

102.29 Sample Pit R-114 for oxygen 
content (portable meter). 

0 12345 1 2 3 4 5 12345 

102.30 Don SCBA, or air-line- 0 123 4 5 123 4 5 12345 
supplied masks, before 
entering pit. 

102.31 Operate manual valves. 0 12345 12345 12345 

102.32 Identify abnormal conditions. 0 12345 12345 12345 

102.33 ~ Pit R-114, 0 2 0 12345 12345 12345 
deficiency meter. 

102.34 Respond to ~ deficiency 0 12345 12345 12345 
alarms at Pit R-114. 

102.35 Troubleshoot coolant alarm 0 12345 12345 12345 
lipt in ACR. 

102.36 Check o=g condition of 0 12345 12345 12345 
valves seats). 

102.37 Complete papeswork (logs). 0 12345 12345 12345 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

Task 

102.38 Identify Pit R-114 valve 
nomenclature. 

102.39 Verify tank car sample 
results. 

Never 

0 

0 

Frequency Importance 

1 2 3 4 5 12345 

1 2 3 4 5 12345 

Please list (print) any tasks which you perform that are not listed (include scale ratings): 

Never Frequency Importance 

102.40 0 l 2 3 4 5 1 2 3 4 5 

102.41 0 l 2 3 4 5 123 4 5 

102.42 0 12345 12345 

102.43 0 12345 12345 

102.44 0 l 2 3 4 5 12345 
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12345 

12345 

Difficulty 

12345 

12345 

12345 

12345 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

111. AREA CONTROL ROOM 
Tuk Never Frequency Importance Diffiaalty 

111.1 Monitor assay 0 12345 12345 12345 
spectrometer. 

111.2 Calculate assay. 0 12345 12345 12345 

111.3 Adjust line recorders. 0 12345 12345 12345 

111.4 Calculate liter uptlow. 0 12345 12345 12345 

111.5 Ad~ust feed rates (C-337, 0 12345 12345 12345 
C- 33). 

111.6 Coordinate and dispense 0 12345 12345 12345 
conditioning gas (C-335). 

111.7 Operate P&E pumps. 0 12345 12345 12345 

111.8 Set up headers. 0 12345 12345 12345 

111.9 Control building UF6 0 12345 12345 12345 
pressusu and flows. 

111.10 Relamp Control Room. 0 12345 12345 12345 

111.11 Monitor and adjust 
overlap flows (C-335). 

0 12345 12345 12345 

111.12 Maintain conditioning gas 
facility (C-331/C-335). 

0 1 2 3 4 5 1 2 3 4 5 12345 

111.13 Alert and direct building 0 12345 12345 12345 
opentors _during 
emergencies. 

111.14 Monitor ADP system. 0 12345 12345 12345 

111.15 Clean kitchen. 0 12345 12345 12345 

111.16 Open and close ACBs. 0 12345 12345 12345 

111.17 Perform rollti.ne checks. 0 12345 12345 12345 

111.18 Coordinate daily activities 0 12345 12345 12345 
with C-300. 

111.19 Maintain Control Room 0 12345 12345 12345 
lop. 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

Task Never Frequency Importance Difficulty 

111.20 Operate ADP system. 0 12345 12345 12345 

111.21 Relamp indicating lights. 0 12345 12345 12345 

111.22 Date/Time recorders. 0 123 4 5 12345 12345 

111.23 Monitor megawatt 0 123 4 5 12345 12345 
recorders. 

111.24 Monitor seismic alarms. 0 12345 1 2 3 4 5 12345 

111.25 Monitor all utility alarm 0 1 2 3 4 5 1 2 3 4 5 12345 
panels. 
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ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

113. LUBE OIIJHYDRAULIC OIL 
Task Never Frequency hnportance Difficulty 

113.1 Start LO pumps. 0 1 2 3 4 5 12345 12345 

113.2 Stop LO pumps. 0 12345 12345 12345 

113.3 Switch LO pumps. 0 12345 12345 12345 

113.4 Apply/Issue electrical 0 123 4 5 12345 12345 
work permits. 

113.5 Apply/Issue hazardous 0 123 4 5 12345 12345 
work permits. 

113.6 Valve RCW to cooler. 0 l 2 3 4 5 l 2 3 4 5 12345 

113.7 Perform weekly checks. 0 12345 12345 12345 

113.8 Adjust oil pressure. 0 1 2 3 4 5 12345 12345 

113.9 Adjust oil flow. 0 12345 12345 12345 

113.10 Control oil spills. 0 12345 12345 12345 

113.ll Switch lube oil strainers. 0 12345 12345 12345 

113.12 Transfer oil from tank 0 123 4 5 12345 12345 
car. 

113.13 Control oil temperature. 0 1 2 3 4 5 l 2 3 4 5 12345 

113.14 Valve oil to cooler. 0 12345 12345 12345 

113.15 Perform annual check 0 12345 12345 12345 
with C-300. 

113.16 Check gauge at strainers. 0 12345 12345 12345 

113.17 Valve in Honan filter. 0 12345 12345 12345 

113.18 Adjust oil tank levels. 0 12345 12345 12345 

113.19 Start hydraulic pumps. 0 12345 12345 12345 

11320 Stop hydraulic pumps. 0 12345 12345 12345 

113.21 Switch hydraulic pumps. 0 12345 12345 12345 
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113.22 

113.23 

113.24 

113.25 

113.26 

113.27 

113.28 

DOE-HDBK-1078-94 

ATTACHMENT 4 
SAMPLE SURVEY QUESTIONNAIRE 

(Continued) 

Task Never Frequency Importance 

Valve hydraulic oil to 0 12345 12345 
control valves. 

Control hydraulic oil 
spills. 

0 12345 12345 

Difficulty 

12345 

12345 

Please list (print) any task which you perform that are not listed (include scale ratings): 

Never Frequency Importance Difficulty 

0 12345 123 4 5 12345 

0 12345 l 2 3 4 5 12345 

0 12345 12345 12345 

0 12345 12345 12345 

0 12345 12345 12345 
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ATTACHMENT 5 
JOB ANALYSIS TABULATION 

Job/Duty Area Difficul~ 
ComEiled By mportance 
Veri ed By Date Frequency 
Rated By Date 

TASK COMMEN11S 

-
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Job/Duty Area: 

Task Statement: 

Comments: 

Train: 

DOE-HDBK-107R-94 

ATTACHMENT 6 
TASK-TO-TRAINING MATRIX 

TASK-TO-TRAINING MATRIX 

Task Number: 

TRAINING SELECTION CATEGORY 

No Train: Continuing (overtrain): 

LESSON PLANS Reference Procedures 

Classroom OJT Self-Paced Laboratory Simulator 
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ATTACHMENT 7 
TASK ANALYSIS DATA COLLECTION FORM 

Task No:~----------------------------~ 

Task Title:----------------------------------

Subject Matter Expert: 
(Signature) (Date) 

Task Analysis: 
(Signature) (Date) 

Reviewer: 
(Signature) (Date) 

Initial Conditions: 

Task Standards: _________________________________ ~ 

References=~------------------------------------

Toob/Eqwpment: ____________________________________ ~ 
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Task No. • --- --
Element 
Number Elements 

• 

DOE-HDBK-1078-94 

ATTACHMENT 8 
TASK WORKSHEET 

---
Conditions/Standards 
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DOE-HDBK-1078-94 

ATTACHMENT 9 
TRAINING DEVELOPMENT/CHANGE REQUEST 

Requested for: 0 Training Development 0 Training Change 

Training Subject/Topic (include lesson plan/OJT checklist number(s), if known): 

Location of Training, (include lesson plan/OJT checklist number(s), if known): 

Reason for Request (check as applicable): 

0 Familiarization 0 Improve Skill 0 System/Component Change/Plant Event 

0 New Information/Method 0 DOE, Corporate, or Company Procedure Change 

0 Error, or information lacking in existing Training/Posttraining Feedback 

0 Other: 

General Description of DevelopmenUChans.e (identify the problem and what the appropriate 
solution to the problem is; comment here an /or attach additional information and necessary): 

0 Additional information attached 

Requested By: Phone No.: 
(Print Name) 

Date Request Submitted: Date Training/Change Required•: 

(-Date should not be less than 10 workdays from request.) 

DO NOT WRITE BELOW THIS LINE (For Training Organization use only) 

Action Taken by Training Organization: 

I 
(Signature) (Date) 

Follow-up (date copy sent to requester. or requester contacted): 

(Signature) 
l 

(Date) 
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ATTACHMENT 10 
ANALYSIS CHECKLIST 

Instructions - Review and check the box of each step below as accomplished: 

1. Determine training needs: 

0 a. Performance problems 

0 b. Regulatory requirements 

0 c. Requests for additional training 

0 d. Requested revisions to training 

2. Develop a valid task list: 

0 a. Review available job information 

0 b. Select and train job analysts 

0 c. Develop the task listing 

0 d. Validate the task listing 

0 e. Prepare the survey questionnaire 

0 f. Select the survey sample and conduct the survey 

0 g. Analyze the survey results 

3. Select tasks for training 

0 a. Develop numerical averaging criteria 

0 b. Apply responses to the decision tree 

0 c. Develop a train/no train/overtrain list 

0 d. Validate the lists 

0 4. Prepare a task-to-training matrix. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

STEP 1: DETERMINE THE ACTION STATEMENT 

The first step in developing a learning objective is to determine the action statement. The action 
statement consists of an action verb and a direct object. The action verb should identify trainee behavior 
that is observable and measurable. For example, in the action statement "stan secondary feed system," 
the action verb (stan) and the direct object (secondary feed system) are both observable and measurable. 

The following is a verb list with definitions to aid in the selection of an action verb for the action 
statement: 

ACKNOWLEDGE 

ACTUATE 

ADD 

ADJUST 

ALIGN 

ALTERNATE 

ANALYZE 

ANNOUNCE 

ANSWER 

ANTICIPATE 

APPLY 

ASSEMBLE 

ASSESS 

ASSIST 

AUTiiORIZE 

BACKWASH 

BALANCE 

BEGIN 

BLEED 

BLOCK 

Recognize and respond to an indication or alarm. 

Put into mechanical action or motion. 

Increase; to perform the mathematical addition process. 

Bring a continuous effort into proper or exact position. 

Adjust or correct relative position of an item. 

Change or substitute one to another. 

Break down a complex whole into its component parts. 

Give notice of an event or evolution (e.g., via the public address system). 

Respond to a request for information. 

Give advance thought, discussion, or treatment; foresee. 

Bring into action; put into operation. 

Fit parts together into a complete structure or unit. 

Determine the importance, size, or value. 

Give support or aid. 

Legally approve of action; empower. 

Move air or liquid backward by a propelling force. 

Equalize opposing forces. 

Commence or initiate. 

Extract or cause to escape from a contained source. 

Obstruct passage or progress. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

BOIL 

BORATE 

BUILD 

BYPASS 

CALCULATE 

CALIBRATE 

CALL 

CENTER 

CHANGE 

CHARGE 

CHECK 

CHOOSE 

CIRCULATE 

CLEAN 

CLEAR 

CLOSE 

CODE 

COLLECT 

COMPARE 

COMPLETE 

COMPUTE 

Heat to the boiling point. 

Add boric acid. 

Construct according to specific plan or process. 

Avoid or circumvent. 

Determine by mathematical processes. 

Detect, correlate, report, or eliminate, by adjustment, any discrepancy in 
accuracy of an instrument or measuring device being compared with a 
standard. 

Communicate orally in person or by phone. 

Place or adjust around a center area or position. 

Replace. 

Restore or load to capacity. 

Look at carefully or critically; verify. 

Select after consideration of alternatives. 

Flow in a circular path. 

Free from dirt or contamination. 

Free from obstruction or limitation. 

Bring or come to a natural or proper end; cease operation. 

Assign symbols, letters, numbers, or words. 

Bring together into one body or place. 

Examine the character or qualities in order to discover resemblances or 
differences. 

Bring to an end; having all necessary parts. 

Determine by mathematical means. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

CONNECT 

CONTROL 

COOL 

CORRECT 

CONSTRUCT 

DECIDE 

DECREASE 

DEENERGIZE 

DEPRESS 

DESELECT 

DETECT 

DETERMINE 

DIAGNOSE 

DILUTE 

DIRECT 

DISASSEMBLE 

DISCONNECT 

DISPLAY 

DISPOSE 

DISSOLVE 

DON 

ENERGIZE 

ENTER 

Join or fasten together. 

Manage with authority. 

Cause to lose heat or warmth. 

Alter or adjust to a required condition or standard. 

Make or form by combining parts. 

Come to a conclusion based on available information. 

Make less as in size, number, or intensity. 

Disconnect energy or voltage. 

Press down. 

Stop a selected function. 

Discover the existence or presence of something. 

Decide or resolve conclusively. 

Recognize or determine the nature or cause of a condition by consideration 
of signs or symptoms. 

Make thinner or diminish the strength of, by admixture. 

Assign activities to another person. 

Take apart. 

Sever or terminate a connection. 

Exhibit for visual evidence. 

Get rid of. 

Cause to pass into solution. 

Put on clothing or equipment. 

Impart energy or voltage. 

lnput data. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

ESTABLISH 

ESTIMATE 

EXIT 

EXPLAIN 

FEED 

FLUSH 

HEAT 

HOIST 

HOLD 

IDENTIFY 

IMMERSE 

INCREASE 

INFORM 

INSPECT 

INSTALL 

INTERPOLATE 

INTERPRET 

INSERT 

ISOLATE 

JOG 

LETDOWN 

LINEUP 

Make firm or stable. 

Calculate approximately the extent or amount of. 

The act of going out or going away. 

Make understandable. 

Supply a signal to an electric circuit; supply liquid to a system. 

Cleanse or wash out with a fluid. 

Add energy to achieve higher temperatures. 

Raise into position using a tackle. 

Retain by force; apply continuous pressure. 

Regard or recognize clearly. 

Plunge or dip into a fluid. 

Add or enlarge in size, intent, quantity. 

Communicate information. 

Examine officially; to determine the serviceability of an item by comparing 
its physical, mechanical, and/or electrical characteristics with established 
standards. 

Seat or fix into position a component or assembly to allow the proper 
functioning of equipment or system. 

Determine or estimate intermediate values from two given values. 

Translate the meaning of. 

Put in. 

Separate from another. 

Move, start, and then stop quickly. 

Allow to descend. 

Organize in a linear arrangement. 

91 

. -:::--· .. ·:.. 



DOE-HDBK-1078-94 

ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

LOAD 

LOCATE 

LOCK 

LOG 

LOWER 

LUBRICATE 

MAINTAIN 

MANIPULATE 

MEASURE 

MIX 

MONITOR 

MOVE 

MULTIPLY 

NEUTRALIZE 

NOTIFY 

OBSERVE 

OBTAIN 

OPEN 

OPERATE 

ORGANIZE 

OVERHAUL 

OVERRIDE 

Place power output on line. 

Find a particular spot or place. 

Secure by key, combination, or device. 

Record required information in a book or on a sheet. 

Decrease in elevation, pressure, or temperature. 

Make smooth or slippery by applying a substance capable of reducing fric
tion. 
Keep in an existing state. 

Operate mechanically or with skillful hands. 

Regulate by a standard. 

Combine or blend. 

Check or observe the operation of a system and its components over a 
period of time. 

Go or pass from one place to another with continuous motion. 

Increase in number greatly or in multiples. 

Counteract the activity or effect. To make electrically or chemically inert. 

Give formal notice to. 

Watch with careful attention. 

Hold onto; gain by planned action. 

Make available for entry or activity. 

Stan, stop, or influence the operation of a specified component or system. 

Arrange into a coherent unity or function. 

Restore to completely serviceable or operational conditions as prescribed by 
maintenance standards. 

Bypass the action of an automatic control. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

PERFORM 

PLAN 

PLOT 

POSmON 

PREPARE 

PRESSURIZE 

PRIME 

PRINT 

PULL 

PUMP 

PURGE 

RACK IN/OUT 

RAISE 

REACTIVATE 

READ 

REALIZE 

REBUILD 

RECEIVE 

RECIRCULATE 

RECORD 

RELEASE 

REMEMBER 

Carry out an action to conform to prescribed procedure. 

Devise or formulate a program of future or contingency activity. 

Represent by means of placing points on a graph. 

Place a control in a discrete state. 

Compound; put together; make ready. 

Apply force in a contained vessel. 

Prepare for work by tilling or charging with something. 

Produce something in printed form. 

Draw out or hold back. 

Raise, lower, transfer, or compress fluid or gasses by suction, pressure, or 
both. 

Free of sediment or relieve trapped gas by bleeding. 

lnsen or remove the breaker from the cabinet. 

Increase in elevation. 

Become active or functioning again. 

Understand visual information which is presented symbolically byscanning. 

Bring into existence. 

Restore unserviceable equipment to a like new condition in accordance with 
original manufacturing standards. 

Be given written or verbal information. 

Begin flow again. 

Write information; document events or trends. 

Set free. 

Retain information or recall information. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

REMOVE 

REPAIR 

REPLACE 

REPORT 

REQUEST 

RESPOND 

RETURN 

RINSE 

RUN 

SAMPLE 

SCAN 

SECURE 

SELECT 

SEQUENCE 

SERVICE 

SHUT 

SHUTDOWN 

SKETCH 

SPRAY 

START 

STARTUP 

STOP 

Take away. 

Restore serviceability to an item by correcting specific damage, fault, 
malfunction, or failure in component or assembly. 

Substitute a serviceable component or assembly for an unserviceable 
counterpart. 

Give an account of; formally document meeting or event proceedings. 

Ask for information. 

React in response; answer. 

Restore something to former state or condition. 

Cleanse by flushing with liquid. 

Continue in force or operation. 

Draw a specimen for judging the quality of the whole. 

Read quickly. 

Protect from damage; control access. 

Choose from a group. 

Arrange in order. 

Keep an item in proper operating condition. 

Stop or suspend operation (see close). 

Stop or suspend operation (see close). 

Draw roughly. 

Apply a jet of vapor of liquid. 

Begin; come into being. 

Begin; set in operation. 

Close or cease (see close). 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

{Continued) 

STORE 

SWITCH 

SUBTRACT 

SUPPLY 

SYNCHRONIZE 

TELEPHONE 

TEST 

THROTTLE 

TITRATE 

TOTAL 

TRACE 

TRACK 

TRANSFER 

TRANSMIT 

TRANSPORT 

TRIP 

11JNE 

11JRN 

TYPE 

UNLATCH 

Lay away for future use. 

Shift to another electrical circuit; exchange. 

Take away by reducing. 

Provide or furnish. 

Arrange operations to occur simultaneously. 

Communicate by phone. 

Verify serviceability and detect failure by measuring against prescribed 
standards. 

Decrease the flow of; regulate the speed of. 

Method or process of determining the strength of a (titration) solution or the 
concentration of a substance in solution, in terms of the smallest amount of 
a reagent of known concentration, required to bring about a given effect in 
reaction with a known volume of a test solution. 

Add up; compute. 

Discover signs, evidence, or remains of; follow a path. 

Be aware of a progression of activities. 

Convey from one place or situation to another. 

Send or transfer from one person to another. 

Transfer or convey from one place to another by mechanical means. 

Remove from service rapidly. 

Adjust; respond to radio waves of a particular frequency. 

Rotate or revolve. 

Operate a keyboard. 

Open or loosen by lifting a latch. 

9S 



.·~~ ·~:;!' -.. \•IN· .---......... _ 

~·.<: 

DOE-HDBK-1078-94 

ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

UNLOAD Take off a load. 

UPGRADE Raise the quality of; improve. 

UPDATE Bring up to date; revise. 

UNLOCK Unfasten; free from restraint. 

UNCOUPLE Detach or disconnect. 

VENT Release gas, liquid, or pressure. 

VERIFY Confirm the accuracy of. 

VENTILATE Expose to air. 

WAIT Expect or remain in readiness. 

WARM UP Make ready for operation by preliminary exercise or operation. 

WEIGH Ascertain the weight of. 

WITHDRAW Remove from use. 

ZERO Adjust to zero. 

96 



DOE-HDBK-1078-94 

ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

STEP 2: DETERMINE CONDITIONS 

A properly developed learning objective should state clearly the condition that will exist at the time 
of trainee performance. Conditions of performance define the facility situation, environmental aspects and 
resources available to aid trainee performance. Typical conditions may include the following: 

• Facility operating mode 

• Safety considerations or hazards 

• System and equipment status 

• Tools and materials to be used 

• References available 

• Environmental conditions 

• Problem situations or contingencies (abnormal or emergency). 

Learning objective conditions are derived from various job conditions identified during analysis. 
When developing learning objective conditions, adjustments may be necessary to reflect the degree of 
fidelity that can be achieved in the training setting. For example, job conditions can be simulated with 
high fidelity during OJT and simulator training, because they mirror the actual job conditions. When 
classroom or self-pacing is used, the learning objective conditions are limited by the constraints of the 
classroom or self-paced environment. If an implied condition is used, it should be easily understood by 
all who read the objective. Because the learning objective and the setting affect each other, examples of 
appropriate settings and the conditions that may be required for the setting are listed in the left-band 
column below. The written learning objectives, that include the required conditions, are listed in the 
right-hand column. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

SEI I ING AND CONDITION 
REQUIREMENTS 

OJT Setting: 

Facility operating mode; equipment and 
equipment status 

Laboratory Setting: 

Equipment; materials 

Classroom Setting: 

References 

Simulator Setting: 

Problem situations or contingencies 

Workshop Setting: 

Equipment; tools; references 

Classroom Setting: 

Safety considerations 

98 

LEARNING OBJE~ 

Given the reactor plant at full power, the 
secondary equipment, closed cycle, cooling 
water system running with one heat 
exchanger in service and one heat exchang
er in standby, and the secondary equip
ment, closed cycle, cooling water pump 
aligned with one pump running and one 
pump in standby, operate the secondary 
equipment, closed cycle, cooling system 
within system temperature limits. 

Given a process sample, laboratory equip
ment, and reagents, analyze a feedwater 
sample for pH in accordance with approved 
procedures. 

Given a manual on fire prevention, state the 
most effective extinguishing agent for a Class· 
C fire. 

Given a malfunction in the main feedwater 
pump, troubleshoot the malfunction in the 
main feedwater pump. 

Given the disassembled parts of a three
phase electric motor, proper tools, and a 
technical manual, assemble parts of the 
three-phase electric motor in correct sequence. 

Given a complete set or protective clothing, 
don the clothing in the correct sequence. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

Step 3: IDENTIFY STANDARDS 

A well-prepared learning objective includes a standard for evaluating student performance. The 
trainee's action should result in an output, and the required quantity or quality of that output is the 
standard of performance. Standards can include step-by-step processes that do not permit deviation. 
Others may prescribe the product of performance and the factors for judging that product. 

Standards are derived from job standards identified during analysis. Similar to the development 
process for conditions, learning objective standards also should be adjusted to reflect fidelity to job 
standards. In some cases an implied standard may not be included in the objective. For example, an 
implied standard of "without error" may be assumed for a procedural step. If an implied standard is used, 
it should be easily understood by all who read the objective. 

The following is a list of characteristics for standards, a description of what the characteristics 
specify, and an example of a learning objective including these standards: 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

Characteristics of 
Good Standards 

Completeness 

Accuracy 

Speed 

LEARNING OBJECTIVES GUIDELINES 

What is specified 

Precise nature of the output; 
number of features output 
must contain; minimum 
acceptable level of 
performance 

Number of steps or sequence 
of steps that must be covered; 
reference to a plant operating 
procedure 

Implying the standard of NO 
ERROR; how exact the 
performance must be; correct 
numbers reflecting tolerances 

Value of dimensions that 
acceptable answer/ 
performance can assume 
(these may be qualitative) 

Amount of days, hours, 
minutes, or seconds allowed 
for performance 

100 

Example 

Using a calculator, multiply two 
three-digit, numbers and write the 
answer to the nearest tenth. 

Given a process sample, 
laboratory equipment, and 
reagents, analyze the sample for 
pH. The steps will be 
performed in correct sequence 
and comply with plant 
procedures. 

Given the reactor plant at power, 
the feedwater regulating system in 
manual, a wide range of steam 
generator level reading, and a 
steam generator system 
description, calculate the steam 
generator narrow range level to 
± 5% of the wide range level. 

Given a misadjusted carburetor 
and the necessary tools, adjust the 
carburetor so the engine idles at 
its smoothest point. 

Given a 200-word rough draft, 
type a letter without error at a 
minimum speed of 40 words per 
minute. 

Given a disassembled globe 
valve, rags, gasket, material, 
tools, and a technical manual, 
reassemble the globe valve in 
30 minutes. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

STEP 4. PREPARE GENERIC OBJECTIVES (OPTIONAL) 

It is important for learning objectives to address the knowledge needed across the range of task 
performance under all conditions. The use of generic (fill in the blank) learning objectives can provide 
management control for ensuring that objectives span the range of knowledge required under both routine 
and abnormal conditions, as well as supplement the task analysis process of identifying appropriate 
knowledge for a task. The Example System that follows can be used as a template when writing 
objectives for a lesson. 

When designing your own set of generic objectives each of the headings listed in the example should 
be taken into consideration. Notice that the example includes objective statements requiring both 
memorization and application of knowledge. When developing generic objectives you should ensure 
coverage of both memorization and application. You will note criteria and conditions are not listed in 
these examples. Your objectives should contain all three parts of an objective (action statement, 
conditions, and standards). 

Example System 

urpose: 

1. State the purpose of the ---- system. 

Design and Interrelationships: 

1. Name the major components of the ---- system. 

2. Draw a one-line diagram of the---- system that shows its interconnections with other 
systems. 

3. Describe the chemical control/functional dependencies that exist between the-----
system and the systems below. 

4. Predict how the ----- system responds during a ------ chemistry transient. 

Operations: 

1. Summarize the operation of the ------ system. 

2. State the reason for ------

3. Recognize the correct ----- system alignments for each of the following conditions: 

4.- Determine the applicable chemistry specifications for each of the following plant conditions: 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

Operations (Continued): 

1. Classify the following ----- system conditions into normal or abnormal. 

2. Relate each ----- system test to the condition(s) it detects. 

3. Predict how changing environmental conditions affect the ----- system. 

Procedures: 

1. Identify where the -----procedures are located. 

2. Select the procedure(s) for the----- activity. 

3. Determine the chemistry limitations of the ---- system under the following conditions: 

4. Summarize how to-----

S. List the consequences of improperly performing a -----

6. Describe the process for reporting errors or sources of confusion in chemistry procedures. 

Sampling: 

1. Identify the sample points in the -----system. 

2. Describe where in the ----- system flowpath ---- samples are obtained. 

3. Identify the equipment used to sample the-----

4. Determine the valve alignment for sampling the -----

S. Determine the flushing/recirculation requirements for sampling the -----

6. List the factors that can influence ----- analysis results. 

7: Describe the labeling information required on------ samples. 

8~ Describe how to transport----- samples. 

9~ Summarize how to dispose of _____ samples. 
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ATTACHMENT 11 
GUIDELINES FOR WRITING LEARNING OBJECTIVES 

(Continued) 

1. Identify where the ------ system controls are located. 

2. Describe how control layout, design, or operation limitations might contribute 
to employee performance errors. 

3. Relate------ control adjustments to their effects on the following system parameters. 

Alarms: 

1. Identify the alarms associated with the ------- system. 

2. Identify where the following ------ alarm sensors monitor the system: 

3. Identify where the------ alarm annunciator is located. 

4. Recognize the set points of the ------- system alarms. 

5. Identify the expected chemistry alarms during the following plant events: 

6. Identify the conditions that verify a ------- alarm. 

Indicators and Chemistry Monitors: 

1. Identify the operational chemistry monitors associated with the ------ system. 

2. Identify where in the flow path each of the following chemistry monitors measures ---
system performance. 

3. Match ------ system/component chemistry monitor indications to specific chemistry 
events. 

4. Recognize the failures modes of each of the ------ system chemistry monitors. 

System-Related Hazard/Safety Precautions: 

1. Identify the personnel hazards or dangers associated with the system. 

2. List the precautions associated with the system. 

3. Describe how each of the following chemistry conditions can damage the----- system. 

4. Relate the following precautions to the ------ system damage each prevents. 
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ATTACHMENT 12 
SAMPLE TRAINING EVALUATION STANDARD (TES) 

TASK NO. 505021-HEALTH PHYSICS TECHNICIAN 

Task Title: "Perform Radiation Surveys in Support of Field Radiography Operations." 

Terminal 
Objective: 

Given that applicable references, equipment, and materials are available, 
perform radiation surveys in support of field radiography operations in accordance with 
procedure. 

References: 1. SOP WPS-14871, Radiological Control of Field Radiography Operations and 
attachments. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

2. IPM IV-10, Radiological Controls Manual. 

3. RM-901C, PonaScan Operator's Manual. 

Enabling Objectives 

Given a Radiography Checklist, describe the information that must be 
filled in and when, during the field radiography operation; this should 
be completed. 

Given a Source Survey Check.list, describe the information that must be 
filled in and when, during the field radiography operation; this should 
be completed. 

Describe how to verify proper posting of the area affected by the 
radiography operation. 

List and locate the equipment to perform radiation surveys in support of 
field radiography operations. 

Describe the locations required to be surveyed during the field radiog
raphy operation. 

Given the equipment technical manual, perform preoperational check of 
portable radiation monitoring equipment. 

Use portable beta-gamma survey equipment to determine radiation 
levels in accordance with procedure. 

Demonstrate proper survey techniques using appropriate instruments. 
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ATTACHMENT 12 
SAMPLE TRAINING/EVALUATION STANDARD (TES) 

(continued) 

Performance Test: TASK NO. 505021-HEALm PHYSICS TECHNICIAN 

Prerequisites: 1. HPT-ST-303, Portable Survey Equipment 
2. HPT-ST-302, Performing Radiation Surveys 
3. HPT-R0-101, Principles of Radiography 
4. Qualified Radiation Worlcer. 

Conditions: Affected system tagged out (if required) and prepared for radiography. 

Instructions to Trainee-You are to perform the required radiation surveys in support of the selected radiography 
operation. You must acquire the necessary references and equipment, and complete all required documentation. If 
you perform a critical step improperly, or do a step out of sequence, you will fail this performance test. 

Action Step Criteria Initials 

1. 

2. 
3. 

4. 

C -Obtain references 

C -Obtain equipment 

SIC-Perform preoperational check 
of portable radiation monitoring 
equipment 

SIC-Verify posting of the area 
affected by the radiography 

5. SIC-Complete the Radiography 
Checklist 

6. SIC-Determine radiation levels 

7. SIC-Record survey data 

8. SIC-Complete the Source Survey 
Checklist 

9. SIC-Submit survey data 

10. Return equipment 

11. Return references 

Preoperational checks performed 
(IA W Equipment Technical 
Manual). 

Posted in accordance with SOP 
WPS-14871. 

Surveyed in accordance with IPM 
IV-10 and SOP WPS-14871. 

Equipment returned to proper 
storage location. 

References returned to proper 
storage location. 

Evaluator Instructions-The trainee is to perform this test, without assistance, on the job site. An 
implied standard of "without error" is assumed for procedural step completion. Provide clarification of 
requirements if requested by trainee. You are encouraged to ask relevant questions to verify trainee 
understanding. If a trainee fails this performance test, clearly document the reason for failure, and 
forward the documentation to the trainee's immediate supervisor. Successful completion of this 
performance test is to be recorded on the trainee's qualification card. 

Codes: (S) Sequence is important. This step must be performed only after the preceding step(s). 
(C) Critical step. Failure to meet standards for this item constitutes failure of the TES. 

Approved by: Date: ______ _ 
(Manager) 

lOS.. 



P,S,O,D' 

P,S 

p 

P,S 

p 

DOE-HDBK-1078-94 

ATTACHMENT 12 
SAMPLE TRAINING/EVALUATION STANDARD (TES) 

(continued) 

QUALIFICATION CARD-DUTY AREA 5 
RADIATION/CONT AMINA Tl ON SURVEYS 

Perf onnance/Evaluation 
Task Signatures 

Nmnber Task Title (Trainee and Instructor) 

505010 Perform Material Release 
Surveys 

505017 Perform Personnel 
Contamination Surveys 

505020 Perform Job Coverage Surveys 

505021 Perform Radiation Surveys in 
Support of Field Radiography 
Operations 

Date 

1.The symbols P,S,O, and 0 refer to ferform, ,S,imulate, Qbserve, and Qiscuss. They indicate the mode ',, 
of evaluation acceptable for the task. 
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ATTACHMENT 13 
TRAINING EVALUATION ST AND ARDS (TESsJ DEVELOPMENT WORKSHEET (Continued) 

Eleme!"lt Number: Element Statement: Entry-Level Performance Evaluation 
KSA Taxonomy Knowledge. SkRls. Required Method and Amplifying 

Number and Abilities CY/NI Enabling Objectives Conditions and Standards 
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ATTACHMENT 14 
TRAINING EVALUATION STANDARDS (TESs) REVIEW CHECKLIST 

Instructions-Check each item after review: 

0 l. Will each TES measure how well the trainee performs? 

0 2. Is each TES written at the task level? 

0 3. Does each TES represent the best approximation to actual task performance that can 
be made, considering cost, time, and ability to measure? 

0 4. In situations where an end product was available for inspection, was the acceptance 
criteria incorporated in the TES? 

0 5. Are TES criteria adequate to require proficient performance without being unnecessar-
ily high? 

0 6. Do criteria of the TES retlect the desired level of proficiency? 

0 7. Have specific instructions for administration and evaluation of the TES been provided'? 

0 8. Has subjectivity in scoring been minimized? 

0 9. For TESs in which a process has been broken down into several observable elements, 
are the selected elements representative of the process, and can they predict successful 
performance? 

0 10. Has the TES been validated on a representative sample of the target population? 

0 11. Does the TES require that the task be "performed" in those cases where performance 
is suitable and feasible? 

0 12.· Have those TESs, for which constraints preclude performance in the job environment, 
been verified as having high-fidelity? 
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Ja•k Number: 

8100090208 

fteference1: 

f Suppl~ f>focedure 

• Quality Assurance Manual --c • Maintenance Procedure 

• Technical Manual 

• Administrative Procedures. 

ATTACHMENT 15 
COMPLETED TES DEVELOPMENT WORKSHEET 

Task Tjtlo: 

Repair Strainers-Diesel Generator Lube Oil System 

Termjnal Learning Objectjye: 

• Given required initial conditions and proper tools, repair strainers in accordance with 
the maintenance procedure and the component Technical Manual. 

Task Standards: 

• Repairs must meet the standards for physical condition and cleanliness required by the 
Maintenance Procedure. 

G(!neral Conditions: 

• Lube oil system tagged out by Operations 

! Generator tagged out be Operations 

• Operations has drained the lube oil system. 
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Element Number: 
KSA Taxonomy 

Number 
8100090208-1: 

401206010100 

401206040100 

401206040101 . 
401206100200 

- i04001010521 --
i()4001050521 
404101013323 
404101051700 
404103010520 
404103050520 

8100090208-2: 

401206100204 

401206070101 

40410l0l0120 
404101050191 

•• 00090208-3: 
401206100208 

ATTACHMENT 15 
COMPLETED TES DEVELOPMENT WORKSHEET (Continued) 

Entry- Performance Eva lua lion 
Element Statement: Level Method and Amplifying 
Knowledge, Skills, Required EnabUng Objectives Conditions and Standards 

and Abilities (YIN) 

Remove Strainer Cover: 
Location of strainer N I. Describe the location of 

the diesel generator lube 
oil strainers. 

Identify strainer components using y 
TM drawings 
Determine strainer construction y 
Determine sequence to remove y 
strainer cover 
Location of face shield N 2. Describe the location of 

the maintenance mechanic 
tool room. 

Use of face shield y 

Location of prybar N 3. (Same as No. 2) 
Use of prybar y 

Location of lint-free rags N 4. (Same as No. 2) 
Use of lint-free rags y 

flemove Gasket from Strainer 
Cover: 

Determine sequence to remove y 
cover gasket 
Recognize that gasket is properly y 
removed 
Location of screwdriver y 5. (Same as No. 2) 
Use of screwdriver y 

~emor~ Strainer El~~nJ: 
Determine sequence to remove y 
strainer element 
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Element Number: 
KSA ·Taxonomy 

Number 

401206070102 

8100090208-4: . . . . \ 

40120610070Q 

40~2~701QJ 

40120607010'f --N 4029020)0101 

4t02902050101 
402902060102 

8l~208-5: 
401206100500 

401206070)05 . . ' . ' 

'tQ1206070f 07 

ATTACHMENT 16 
COMPLETED TES DEVELOPMENT WORKSHEET (Continued) 

Entry- Perrormance Evaluation 
E'ement Staterpenf: Level Method and Amplifying 
Knowledge, Skills, Required Enabling Objectives Conditions and Standards 

and Abilities (YIN) 

Recognize that strainer element is y 
properly removed 

Clean Strainer Element: 
I 

Determine sequence to clean y 
strainer element 
Determine cleanliness standard for N 6. Describe cleanliness stan- Meet MP standards for 
strainer element dards from the mainte- cleanliness 

nance procedure (MP) 
Recognize that strainer element N 7. Demonstrate use of MP 
meets cleanliness standard cleanliness standards 
Location of cleaning solvent N 8. Describe location of 

flammables 
Use of cleaning solvent y 

Safety precautions for solvent use N 9. Describe safety precau-
tions for use of approved 
solvents 

lns~t Strainer Element: 
Determine sequence to inspect y 
strainer element 
Determine physical condition stan- N 10. Describe physical con- Strainer element must be 
dards for strainer element dition standards for a lube free of holes/tears and 

oil strainer element meet maintenance proce-
dure standards for physi-
cal condition. 

Jlecogpi,!on fh~ s'rainer element N 11. Demonstrate use of MP 
meets physical condition standards physical condition 

standards 
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Type 

Performance 

CompletionJShort 
Answer 

Alternate Choice 
(true-raise) 

DOE-HDBK-1078-94 

ATTACHMENT 16 
TEST ITEM FORMATS 

GUIDELINE FOR TEST ITEM FORMATS 

Description 

A direct translation of a skill 
learning objective into a test item the 
trainee is required to perform. 

An. item that requires the trainee to 
complete the sentence or write the 
answer to a question in a few words. 

A series of well-constructed comple
tion/short answer items that can 
measure knowledge with more con
sistency and objectivity than essay 
test items. 

A-~hoice item in which only one 
of the responses is absolutely cor
rect. 

113 

Standards 

Performance of the learning objec
tive must be matched in the test 
item. 

Conditions and standards of the 
learning objective must be matched 
in the test item. 

Item directions to the trainee should 
be clear and concise. 

Actions should be observable. and 
measurable process items (i.e •• 
step-by-step procedures) should be 
listed in the order in which they are 
performed. 

Standards for results to be achieved 
(i.e •• accuracy or completeness) 
should include an indication of per
formance (e.g., ±596 of program 
level, within two degrees). 

The item must be stated simply 
without extensive qualification so 
that the test is not unintentionally a 
reading test. 

The answer called for must be clear 
to the informed trainee. 

For completion items. the main 
idea should precede the blank. 

The item should be constructed so 
that only one correct, brief answer 
is possible. 

The item must be true or false. 
without qualification. 

The item should not be long or 
overly complex with many qualify
ing phrases. 



Type 

Alternate Choice 
(true-false) 
(Continued) 

Multiple Choice 

DOE-HDBK-1078-94 

ATTACHMENT 16 
TEST ITEM FORMATS 

(Continued) 

GUIDELINE FOR TEST ITEM FORMATS (Continued) 

Description 

An item with three or more respons
es, one of which clearly provides the 
"best answer.• 

A- list of conditions, responses, and 
directions for matching the condi
tions to responses. 

114 

Standards 

The item should not normally be 
lifted directly from printed sourc
es due to the potential lack of 
clarity or accuracy when taken out 
of context. 

The item can contain either a direct 
question or incomplete statement (to 
be filled in with the correct re
sponse). 

Words should not be included in 
the item that otherwise would be 
repeated in each response. 

The correct answer should be clear
ly the best of the responses. 

Responses should be within the 
trainee's comprehension. 

Responses should be arranged in 
some logical order. 

"None of the above" and "all of the 
above" should be avoided. 

Positions of the correct answer 
should be varied. 

The item and responses should not 
measure trainee opinion. 

Response should be independent, 
not overlapping or include other 
responses. 

Conditions and responses should 
have a plausible relationship to each 
other. 



Type 

Matching 
(Continued) 

Drawing/Labeling 
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ATTACHMENT 16 
TEST ITEM FORMATS 

{Continued) 

GUIDELINE FOR TEST ITEM FORMATS (Continued) 

Description 

An item that requires the trainee to 
sketch the flow path of a given 
system/circuit, or label a drawing as 
provided. 

llS 

Standards 

The number of responses should be 
less than or more than the number 
of conditions to avoid the simplicity 
of a one·to~ne relationship. 

Directions to the trainee should 
explain the basis for matching 
clearly. 

The item should be clear and con
tain specific instructions. 

The system/circuit to be sketched 
should have only one correct flow
path. 

The drawing (test item) should 
identify the items to be labeled 
clearly. 

There should be only one correct 
tenn for each item to be labeled in 
the drawing. 
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ATTACHMENT 17 
SAMPLE TEST SPECIFICATION FORM FOR 50-ITEM 

GENERAL EMPLOYEE TEST 

LEVEL OF LEARNING OBJECTIVES 

Knowledge 
or Facts, Comprehension or Application 
Terms, Principles/ or Information 

Content Area Symbols Concepts (Principles/Concepts) 

Fundamentals 1 1 0 

Biological Effects 0 2 0 

Administration 2 2 l 

Exposure Control 2 5 4 

Contamination 2 5 3 
Control 

Monitoring 1 3 1 

Access Control 3 3 1 

Unusual Incidents/ 
1 2 3 

Emergencies 

Protective 
Clothing/ 1 1 0 
Respiratory 
Equipment 

Total Questions 13 24 13 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

General Information: 

1. Course-Health Physics (HP) Technician Training 

2. Referent Organization-Operational Health Physics 

3. Required by DOE Order 5480.11 

4. Prepared by HP Trainer. 

Organization and Administrative Responsibilities: 

1. Development of course material will be accomplished by Health Physics Training, specifically, 
HP Trainer and RP Trainer. 

2. Materials will be reviewed by Operational Health Physics management. Radiation Technology, 
and selected HP technicians. 

3. Reviews will be performed on draft material issued on 6/7, 7/15, and final draft 8/25. One 
week will be allowed for review and comment. 

4. Final materials will be approved by the Manager, Health Physics Training, and the Manager, 
Operational Health Physics. 

5. Course material will be maintained by Health Physics Training and administered by Health 
Physics Training and Operational Health Physics as specified in Qualification Standard 
No. 0602Q. 

6. Key contacts will be I. M. Responsible, Supervisor Operational Health Physics, and HP 
Trainer, Training Specialist, Health Physics Training. 

7. Subject matter experts will be assigned by I. M. Responsible to aid in development as 
requested by HP Trainer. 

Course Loading and Scheduling: 

1. Each course will accommodate a minimum of three and a maximum of 15 trainees. 

2. Scheduling will be coordinated through the Manager, Health Physics Training. Requests for 
scheduling must be made 15 workdays prior to the required start date. 

£valuation Guidelines: 

1. Release of trainees from portions or all of the training course must be approved by the 
Manager, Health Physics Training, and the Manager, Operational Health Physics. Exceptions 
must be documented as stated in the Training Management Manual. 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE. GUIDE 

(Continued) 

Evaluation Guidelines (Continued): 

2. Pretests covering entry-level knowledge will be given one week prior to course start date. Any 
individual deficiencies will require remedial work prior to starting the course. Health Physics 
Training will coordinate remedial activities. 

3. Two progress tests, Week One and Week Three, and a final comprehensive test will be given. 

4. Failure of any test will require remedial action described in the Training Management Manual. 

Instructor Qualifications: 

1. All classroom instruction will be provided by qualified health physics instructors. 

2. All OJT instruction will be provided by qualified OJT personnel. 

Training Resources and Facilities: 

1. Classroom instruction will be conducted in Room 130 of the Plant Training Building. 

2. All additional training will be provided in the appropriate OJT area. 

3. 1bere will be no impact to facility operations to conduct training. All OJT can be conducted 
during the course of normal operations. 

4. Training aids and additional equipment are available through Health Physics Training or can 
be obtained, on a loanable basis, from Operational Health Physics. 

Test Administration Guidelines: 

1. Tests will be controlled and administered as described in the Training Management Manual. 

Supplemental Training Records: 

1. All training will be recorded in Qualification Standard No.0602Q. 

2. Completed qualification standards will be sent to Health Physics Training for review and 
inclusion in the individual training files. 

Course Curriculum Outline: 

Included as an example are sections from each training setting. This is not the complete oudine. The 
actual guide should contain all portions of the oudine. 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

COURSE CURRICULUM OUTLINE-SELECTED SECTIONS 

Classroom (Approximately 120 Hours) 

Math and Science Fundamentals 

Basic Mathematics/ Algebra: 

1. Add, subtract, multiply, and divide whole numbers, fractions and decimals. 

2. Calculate percentages, square roots, and averages. 

3. Determine significant figures. 

4. Convert units from metric to English and English to metric for length, volume, flow rate 
measurements. temperatures. and pressures. 

5. Add, subtract, multiply, and divide algebraic expressions. use parentheses. factor algebraic 
expressions, and change signs to the depth necessary. 

6. Apply the concept of exponential buildup and decay to solve radioactive decay and gamma 
ray shielding problems. 

7. Use exponents, radicals, and scientific notation in radiological protection technology. 

8. Graph sample data. 

9. Perform statistical analyses of data. 

Physics: 

1. Discuss the use of a system of units. 

2. Discuss the concepts of and relationships between work, energy, and momentum. 

3. Discuss equilibrium and the laws of motion. 

Chemistry: 

1. Describe the structure and relationship between atoms, elements, molecules, and compounds. 
Describe the types of chemical bonding. 

2. State the properties of acids and bases. 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

Chemistry (Continued): 

1. Explain the concept of chemical and ionic equilibrium. 

2. Solve simple chemical equations. 

Nuclear Physics: 

1. Define the following terms, SI equivalents, and identify the symbols used for: 

a. Curie 

b. Rad 

c. Rem 

d. Roentgen 

e. Radioactivity 

f. Radioactive decay 

g. Half-life. 

2. Define the term isotope and discuss similarities and differences between an isotope and thf 
base element. 

3. Discuss mass-energy equivalence. 

4. Discuss the concept of nuclear forces. 

S. Define binding energy and relate it to binding energy per nucleon. 

6. Define the term "fission" and discuss its relationship to nuclear material. 

7. Discuss parent-daughter relationships for radioactive material. 

8. Discuss the concepts employed in criticality safety (e.g., double and triple contingency) at 
your facility. 

Basic Electricity: 

1. Explain the characteristics of conductors, semiconductors, resistors, capacitors, inductors, 
and simple direct current circuits. 

120 



DOE-HDBK-1078-94 

ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

COMMUNICATION 

Written and Oral: 

1. State the importance of accurate communications. 

2. Discuss the importance of interpersonal communication skills. 

3. Apply them both to written and oral communication (i.e., handling conflict, active listening, 
assertiveness). 

Radiation Protection Theory 

Radioactivity and Radioactive Decay: 

1. Explain the processes involved in the nuclear stability of atoms. 

2. Identify the modes of radioactive decay (e.g., alpha. beta, and neutron). 

3. Explain gamma-ray emission. 

4. Write simple equations describing each mode of decay. 

5. Perform radioactive decay calculations using exponential equations and appropriate graphs. 

6. Characterize alpha and beta particles, gamma rays, x-rays, and neutrons. 

7. Write simple equations describing the process of neutron activation. 

8. Discuss the information that can be obtained from the Chart of Nuclides. 

Sources or Radiation: 

1. State and quantify the major sources of natural background radiation. 

2. State and quantify the major man-made sources of radiation. 

3. State and quantify the major sources of radiation at the facility. 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

LABORATORY (Approximately 20 Hours) 

Math and Science Fundamentals 

Basic Mathematics/ Algebra: 

1. Graph sample data. 

2. Perform statistical analyses of data. 

Radiation Protection Theory 

Interaction or Radiation with Matter: 

1. Select the type(s) of shielding material required for each type of radiation. 

Counting Statistics: 

2. Perform minimum detectable activity calculations, when necessary. 

Radiation Protection Concepts and Procedures 

External Radiation Exposure Control: 

1. Solve simple distance attenuation problems for line and point sources. 

2. Perform corrections for instrument readings (geometry, distance, etc.) 

3. Evaluate the effectiveness of temporary shielding in various practical applications. 

4. Perform gamma-ray shielding calculations using these items: 

a. Exponential shielding equation 

b. Half- and tenth-thickness values 

c. Empirically derived graphs. 

5. Demonstrate proper survey techniques using appropriate instruments. 

6. Perform dose-equivalent determinations. 

7~ Solve dose-rate and shielding problems using: 

a. Inverse square law 

b. Tenth value layer 

c. Half value layer. 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

ON-THE-JOB TRAINING (OJT) 
(Training will be completed during a 3-month shift cycle) 

Communication on the Job 

Oral and written: 

1. Demonstrate proper oral communication: 

a. Face-to-face 

b. Radio 

c. Telephone. 

2. Demonstrate proper written communication in: 

a. Work logs 

b. Radiation surveys 

c. Maintenance requests 

d. Radiation work permits 

e. Other required written records. 

Radiation Protection Concepts and Procedures 

Radiation Protection Concepts and Procedures: 

1. Demonstrate proficiency in using DOE and Department of Transportation standards and 
contractor administrative limits in practical situations. 

External Radiation Exposure Control: 

1. Demonstrate the ability to utilize the principles of time, distance, and shielding to minimi:r,e 
personnel exposure. 

2. Solve simple distance attenuation problems for line and point sources. 

3. Perform corrections for instrument readings (geometry, distance) 

4. Evaluate the effectiveness of temporary shielding in various practical applications. 

5. Perform gamma-ray shielding calculations using these items: 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

External Radiation Exposure Control (Continued): 

a. Exponential shielding equation 

b. Half and tenth thickness values 

c. Empirically derived graphs 

6. Implement facility exposure control systems. 

7. Respond to area radiation monitor alarms. 

8. Demonstrate proper survey techniques using appropriate instruments. 

9. Perform dose-equivalent determinations. 

10. Solve dose-rate and shielding problems using: 

a. Inverse square law 

b. Tenth value layer 

c. Half value layer. 

Radioactive Contamination Control: 

1. Identify the potential sources of radioactive contamination, including work operations that 
can generate contamination. 

2. Identify the conditions in which the use of each type of containment device should be 
considered. 

3. Identify the methods by which a work site can be prepared in advance for performance of 
highly contaminated work. 

4. Demonstrate proper survey techniques (e.g., smears, fixed contamination, personnel 
contamination) using appropriate instrumentation. 

s; Demonstrate proper techniques and procedures for limiting the spread of contamination. 

6. Demonstrate the ability to post a contamination area properly with the required signs. 

7. Identify the facility contamination monitoring systems and their operating principles and 
capabilities. 

8. Demonstrate proper donning and removal of anticontamination clothing, and define the 
conditions that dictate the use and selection of anticontamination clothing. 
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ATTACHMENT 18 
SAMPLE TRAINING DEVELOPMENT AND ADMINISTRATIVE GUIDE 

(Continued) 

Radioactive Contamination Control (Continued): 

9. Convert meter readings to radioactivity levels. 

10. Estimate surface contamination levels resulting from various working conditions and 
incidents. 

Development and Implementation Schedule: 

1. 5/01-.. Training Development and Administration Guide,. approval 

2. 6/07-First-draft lesson plans 

3. 6/14-First-review complete 

4. 7 /15-Second-draft lesson plans including training support material 

5. 7/22-Review of support and second-draft lesson plans 

6. 8/25-Final lesson plans and support material complete 

7. 9/03-Final review of materials 

8. 9/17-Final comments incorporated 

9. 9/20-10/18-small-group evaluation 

10. 11/01-Review and modifications identified in small-group evaluation 

11. 11/08-12/06-First Run 

12. 12/15-Review and modifications identified in first run 

13. 12/30-Final course approval. 

Approval Signatures: 

(Manager, Operational Health Physics) (Manager, Plant Training) 
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Method 

Demomtration/Practice 

DiKlmionJFacilitation 

DOE-HDBK-1078-94 

ATTACHMENT 19 
TRAINING METHODS 

Characteristics 

• A public-speaking-type presentation 

• Effective and efficient with large groups of trainees 

• Typically used in classroom settings 

• Body of information that is well-organized, condensed, and 
presented in loi:;1cal steps 

• Presentation provides periodic pauses for asking and answering 
questions to determine trainee comprehension 

• Conclusion provides a summary of key points. 

• A presentation in which the exact procedures (skills) are shown in 
step-by-step sequence by the instructor 

• More effective with small groups of trainees 

• Umited to laboratory/workshop, OJT, and simulator training, when 
use of equipment is involved 

• Performance of each step and its relationship to the overall procedure 
is emphasized by the instructor 

• Trainee performs the step-by-step procedure uadet instructor 
supervision until proficiency is achieved. 

• Conversation is guided between trainees, with direction from the 
instructor or group leader 

• More effective with small groups of trainees 

• Typically used in classroom settings 

• · A discussion leader is appointed for each group 
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Method 

Discussion/Facilitation 
(Continued) 

Oral Questioning 

Role Playing 

Walk-Through 
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ATTACHMENT 19 
TRAINING METHODS 

(Continued) 

Characteristics 

• Provides for use of case studies 

• Provides opportunity for trainees to observe, listen, and actively 
participate in the learning activity. 

• Instructor asks specific questions of different trainees (not always 
those who volunteer the answer) to increase interaction and control the 
pace of the training 

• Permits direct interaction between the instructor and trainees 

• Appropriate to all settings 

• Samples trainee comprehension of the material. 

• Trainees assume roles (responsibilities) in a real or simulated job 
environment 

• Develops an understanding of roles and the importance they play in 
the job environment 

• Permits instructor observation of trainee attitudes, philosophies, and 
personality traits 

• Appropriate to all settings except self-pacing 

• Effective in learning team member functions and team response 
coordination 

• Particularly effective during exercises and drills. 

• Trainees experience actual job environment 

• Used to facilitate trainees' transition from learning in a simulated 
environment to application in the job environment 

• Limited to a discussion of action steps within the actual job 
environment 
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Method 

Walk-Through 
(Continued) 

Self-Pacing 
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ATTACHMENT 19 
TRAINING METHODS 

(Continued) 

Characteristics 

• Emphasizes physical facility layouts, spatial relationships, 
equipment location, and observation of trained employees 
performing their jobs 

• Places the course learning objectives in a job context that 
increases trainee motivation and allows active participation 

• Permits a sampling of trainee comprehension of the learning activity. 

• The pace of training is controlled by the trainee (i.e., a lesson stops 
when a trainee fails to respond and remains stopped until the trainee 
responds) 

• Frequently used during remedial training. 
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ATTACHMENT 20 
SAMPLE LESSON PLAN FORMAT-CLASSROOM 

LESSON PLAN 

Training Deoartment: Course: 

Author: Date: Lesson: 

Review: Date: Lesson No.: Rev. No.: 

Approval: Date: Time: 

Terminal Objective and Enabling Objectives: 

Prerequisites: 

References: 

Instructional Aids: 

. 
' 

(Page of Pages) 
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ATTACHMENT 20 
SAMPLE LESSON PLAN FORMAT-CLASSROOM 

(Continued) · 

LESSON PLAN (Continued) 

Lesson: Lesson No.: Rev. No.: 

Instructor/Trainee 
Content Outline Activities 

(Page of Pages) 
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ATTACHMENT 21 
SAMPLE LESSON PLAN FORMAT-OJT 

LESSON TITLE: "Tying the Woolly-Worm Fish Fly" 

LESSON NUMBER: ~® ..... t _______ _ TIME: 30-45 Minutes 

RELEVANT PROCEDURE(S): "Woolly-Worm Fly." Western Flies. Vol. I. page 127 

REQUIRED FACILITY CONDITIONS: ...,N.:..:./A~---------------

SUBMITTED BY: ~I. ..... M~·-F~A~S ..... T _______ _ DATE: _10....,./2 ... 3 ..... 18 .... 9 ___ _ 

REVIEWED BY: =R._ . ....,.U._ . ..,.SH"""'U....,R:.:.:E=--------- DATE: ..::..:10....,12 .... 3:..:...:/8=9----

APPROVED BY: .,.G.._ . ...,.O_,_ . .....,R....,IL=L.._A...._ ______ _ DATE: ~lo_n ... 5~/8~9 ___ _ 

Safety Precautions and Procedural Limitations: 

• Hook and sharp instrument safety 

• A void breathing fumes from the head cement. 

Required Tools/Materials/Instructional Aids: 

• Fly tying vise • Bodkinihalf-hitch tool 

• Bobbin •• One box No. 4X hooks 

•• Scissors •· No. 1 nylon thread 

•• Saddle hackles •• Assorted chenille 

•• Red yam •• Head cement . 
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ATTACHMENT 21 
SAMPLE LESSON PLAN FORMAT-OJT 

(Continued) 

Objectives: 

• Terminal: Given the necessary tools, materials, and procedure, tie a Woolly-Worm fly that 
closely matches the instructor-provided example or photograph. 

• Enabling: None. 

Imtructor Preparation: 

• Review Lesson Plan, Procedure, and Evaluation Guide. 

• Prepare materials (enough for at least six flies) in advance. 

Student Preparation: None. 

1. INTRODUCTION 

a. Introduce self 

b. Motivator 

c. Learning objective (LO) 

d. Overview 

e. Find out what the student already knows 

f. Questions 

2. LESSON BODY 

a. Review tools and materials 

,What's in it for me 1 
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A little small talk usually helps to "break 
the ice." 

WIIFM?1-You should be able to earn up 
to $100.00 per week tying flies in your 
spare time. 

Review with the student the lesson's LO; 
see cover sheet. 

Describe to the student how you intend to 
teach this lesson. 

Tailor OJT session based on this. 

Make sure the student feels free to ask 
questions at any time. 

STRESS SAFETY: 

Ensure that the student understands 
terminology, the use(s) of each tool, and 
reasons for using .nnlI high quality 
materials. 
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ATTACHMENT 21 
SAMPLE LESSON PLAN FORMAT-OJT 

(Continued) 

2. LESSON BODY (continued) 

b. Explanation and demonstration 

(1) Explain and demonstrate the tying 
of a Woolly-Worm t1y using the 
referenced procedure. 

(2) Discuss/explain the critical steps 
(listed on Evaluation Guide). 

c. Practice under supervision 

(1) Review the procedure with the 
student 

(2) Have the student tie a Woolly
Worm t1y. 

(Instructor's option: Tie another fly 
as the student ties his/hers. This 
allows you to show the student how to 
perform the step again QI use the fly 
that the student is tying.) 

(3) Have the student tie another fly. 
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STRESS PROCEDURAL 
COMPLIANCE: 

Ensure that you cover all listed 
knowledge requirements stated 
on the attached OJT Evaluation 
Guide. 

The suggested method for this 
lesson is to demonstrate how to tie 
the fly, explaining your actions as you 
accomplish each step. 

Ask comprehension checking questions 
to ensure that the student understands. 

Again, stress the importance of 
closely following the procedure. 

Be patient! Demonstrate procedural 
steps again if necessary. 

Allow the student to continue 
only after completing each 
step of the procedure. 

Comprehension Check-Ask the 
student why he/she performed the 
critical procedural steps w: what could 
happen if performed incorrectly. 

Reduce your assistance as the student 
becomes more proficient. 
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ATTACHMENT 21 
SAMPLE LESSON PLAN FORMAT-OJT 

(Continued) 
3. CONCLUSION 

a. Restate the learning objective 

b. Review any areas in which the student 
had difficulty 

c. Restate the motivator 

d. Document the completion of training 
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Remember to keep your comments 
positive! 

Cottage Industry-It's possible to earn 
up to $100.00 or more per week 
working in your spare time. 
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SAMPLE LESSON PLAN FORMAT-OJT 

(Continued) 

OJT EVALUATION GUIDE 

TASK STATEMENT: Tie a Woolly-Worm Fly TASK NO.: 505075 

REFERENCE: Western Flies. Vol. I. Page 127 DATE: I I 

STUDENT: EVALUATOR: 

Learning Objective-Given the necessary tools. materials. and procedures. tie a Woolly-Worm fly 
that closely matches the instructor-provided example or photograph. 

Knowledge Requirements-Discuss the following during task performance: 

• Safety precautions . 

• Reason for leaving hook point exposed . 

• Reason for always wrapping in a clockwise direction . 

• Necessity of tying half hitches . 

• Why a space is left between Position "A" and the eye of the hook . 

Performance ReQuirements-

CRmCAL STEPS YES NO REMARKS 
-- - .. 

1. Thread attached and base wraooed? 

2. All materials attached at proper location? 

3. Materials firmlv attached? 

4. Wrappings wound clockwise? 

s. All aoolicable safetv rules observed? 

6. Complied with the procedure? 

Final Evaluation Pass/Fail-Performance requirements must be completed 
PASSO with 100% accuracy. Knowledge requirements must be completed with 80% 

or greater accuracy. 

Failures-Return this form to the Training Department to reschedule the 
FAILD evaluation session and/or additional training. Time permitting. provide 

training on identified weak areas and document your actions on the back of 
this Evaluation Guide. 

EVALUATOR SIGNATURE: 
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ATTACHMENT 21 
SAMPLE LESSON PLAN FORMAT-OJT 

(Continued) 

PROCEDURE-TYING THE WOOLLY WORM 

General Information 

Caution!-Be aware of the hook point when handling and wrapping. 
It is very sharp! ~ not cover the point of the hook with the vise. 

1. Attach the vise to the worktable. Adjust so that the operating 
lever will secure the jaws firmly. 

2. Place hook in vise as shown. Hook should be parallel to the 
worktable. 

3. Starting at Position "A," wrap thread clockwise over the entire 
shank of the hook to Position "B." This provides a base for all 
future operations. 

4. Attach red yarn for the tail at Position"B." Tail should extend 
about 1/4 inch beyond the bend. Three wraps of thread around 
the yarn is adequate to hold the tail secure. Trim excess yarn 
from shank. 

S. Chenille is used as the body; tie on at Position "B." 

6. Select a large saddle hackle for the ribbing; tie in the !in at 
Position .. B." 

7. Wrap thread to Position .. A," then tie a half hitch. Wrap 
chenille clockwise to Position .. A." tie off with three wraps 
and a half hitch; trim chenille. 

NOTE 
Make sure there is sufficient 

space between Position "A" and 
the eye for malting a head. 

8. Wrap hackle to Position .. A, .. tie off. and trim as in Step 7. 
The wrapping technique is called .. palmering," and successive 
wraps should be about 1116 inch apart. 

9. Complete the tying by forming the head behind the eye. Tie 
two half hitches to secure. Apply one or two drops of head 
cement. 
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Hook position 

Hook nomenclature 

Hackle 

Tai 

Chenille 

Vertical lines 11 A" 
and "B" are strategic 

tying positions 

The Woolly Worm 
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ATTACHMENT 22 
SAMPLE LESSON PLAN FORMAT-SIMULATOR 

EXAMPLE OF A SIMULATOR EXERCISE 
GUIDE AND ASSOCIATED CLASSROOM PREVIEW 

SCENARIO TITLE: 

SCENARIO CODE: 

REVISION: 

EFFECTIVE DATE: 

COURSE: 

PREPARED BY: 

REVIEWED BY: 

CONCURRED BY: 

APPROVED BY: 

Primary Cooling System Operations-Single-Loop and Natural Circulation 
Operation 

SI-124 

Two 

August 29, 1985 

Certified Operator Initial Training (Advanced Operations Module) 

(lllltnlctor) 

(Operations Training Supervisor) 

(Operations Superintendent) 

(fraining Manager) 
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SAMPLE LESSON PLAN FORMAT-SIMULATOR 

Scenario Title: 

Setting/Duration: 

References: 

(Continued) · 

Primary Cooling System Operations-Single-Loop and Natural Circulation 
Operations. 

Classroom Preview-2 to 4 h 
Control Room Simulator-2 to 4 h. 

1. ECCS Surveillance 

a. Plant Procedure 7.4 .5 .17, Emergency Core Cooling System (ECCS) Surveillance and 
associated data sheets 

b. Plant Procedure 2.13, Emergency Core Cooling System 

c. Technical Specification (TS) 3/4.5.1. 

2. Primary Cooling Pump Seal Failure 

a. Plant Procedure 4.3.1.2, High Unidentified Reactor Leakage 

b. Plant Procedure 4.3.1.3, High Identified Reactor Leakage 

c. Plant Procedure 4.2.1.7, Primary Cooling Pump Seal Failure 

d. Technical Specifications 3/4.3.2, 3/4.1.1, and 3/4.4.1. 

3. Primary Cooling Pump Trip 

a. Annunciator Procedure 4.602.Al3-4.5 Primary Cooling Pump Turbine Trip 

b. Annunciator Procedure 4.602.A6-4.7 Primary Cooling Pump Trip. 

Malfunctions: 

1. 10-05-0001 Primary Cooling Pump "'A" Seal Failure 

2. 10-01-0002 Primary Cooling Pump "B" Turbine Trip. 

Initial Conditions: 

1. IC-11 (100% power, end of life (EOL)] 

a. Core thermal power-2425MW(t) (99.55%) 

b. Core flow-102M lb/h (99.55%) 
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SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

c. Exposure-8400MWD!f (near EOL) 

d. Equilibrium xenon-3.1 % delta K/K 

e. Reactor pressure-1590 psig. 

Scenario Summary: 

Starting from 100% power and 1003 core flow at the end of core life, the following conditions 
will be encountered in sequence: 

1. Failure of an ECCS pump to start on demand during a routine pump operability surveillance 

2. Failure of primary cooling pump "A" seal requiring isolation of the pump 

3. Inadvertent trip of primary cooling pump "B" during maintenance activities supposedly 
being conducted on pump "A" resulting in natural circulation operation. 

Learning Objectives: 

Upon completion of the classroom preview and simulator exercise, the trainees will be able to 
perform the following tasks with the reactor plant operating at power and under the additional 
conditions as indicated: 

1. Perform an ECCS surveillance in accordance with Plant Procedure 7.4.5.17 and respond to 
inoperative pump in accordance with Plant Procedures 2.1.3 and TS 3/4.5.1. 

2. Diagnose a primary cooling pump seal leak and take corrective action in accordance with 
Plant Procedures 4.3.1.2, 4.3.1.3, and 4.2.1.7, also TS 3/4.3.2, 3/4.1.1, and 3/4.4.1. 

3. With one primary cooling pump isolated and a trip of the running primary cooling pump, 
identify the primary cooling pump trip, identify the natural circulation condition, and take 
corrective action in accordance with Plant Procedures 4.602.Al3-4.5, 4.602.A6-4.7, 
4.2.1.10, and TS 3/4.4.1. 

Common Student Errors: 

Note: This section will be filled out by the facility as it uses the exercise guide to alert 
the instructor for areas to look for when conducting future training. (Operators 
do not always complete subsequent actions in abnormal procedures.) 
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SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

EXERCISE PREVIEW-CLASSROOM 

Instructor Outline Trainee Activity 

1. INTRODUCTION 

2. 

a. Scenario Title: Primary 

(1) Cooling Operations-Single 

(2) Loop and Natural Circulation 
Operations 

b. Expected Duration 

c. 

(1) Simulator-2 to 4 h 

(2) Classroom-2 to 4 h 

Learning Objectives. 

SCENARIO OVERVIEW AND REVIEW 

a. Initial Conditions 

(1) Power ( 100 3) 

(2) Core flow (1003) 

(3) Equilibrium xenon, near EOL 

(4) Maximum decay heat power history. 

b; ECCS Surveillance 

(1) Review Surveillance Proce
dure 7.4.5.17 

Note: Use the generic outline 
provided in Appendix C 
as a reference for topics 
to discuss. 

(2) ECCS pump startup failure 

(a) Symptoms (Control Room 
indications) 
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Respond to instructor questions. 

Respond to instructor questions. 
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SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

EXERCISE PREVIEW-CLASSROOM (Continued) 

Instructor Outline 

2. SCENARIO OVERVIEW AND REVIEW 
(Continued) 

(b) Applicable alarm response 
procedures (list:) 

(c) ECCS system started 
Procedure 2.1.3 

(d) TS LCO 3/4.5. l action 
requirements for inoperable 
core cooling pump 

Note: Use the generic 
outline provided in 
Appendix C as a 
reference for topics 
to discuss while 
reviewing TS. 

c. Primary Cooling Pump Seal Failure 

(1) Symptoms (Control Room indi
cations) (list:) 

(2) Operator actions 

Note: Use the generic outline. 

(a) Applicable annunciator 

(b) Applicable plant abnormal 
procedures (list:) 
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Trainee Activity 

Respond to instructor questions. 

Respond to instructor questions: 

• Leak-detected confinement equip
ment, drain flow high, annunciator 

• Primary cooling pump outer seal 
leakage high 

• Primary cooling pump seal staging 
flow high/low. 

Respond to instructor questions: 

• Review Plant procedures (list:) 
Procedure 4.3.1.2 (High Uniden
tified Reactor Leakage) 

•~ Review Plant Procedure 4.3.1.3 
(High Identified Reactor Leakage) 
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ATTACHMENT 22 
SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

EXERCISE PREVIEW-CLASSROOM (Continued) 

Instructor Outline 

2. SCENARIO OVERVIEW AND REVIEW 
(Continued) 

(c) Applicable technical spec
ifications (list:). 

(d) Applicable emergency pro
cedures (list:) 

(e) Applicable technical spec
ifications (list:). 

d. Primary Cooling Pump Trip 

(1) Symptoms (Control Room indi
cations) (list:) 

(2) Operator Actions (use the generic 
outline): 

(a) Applicable alarm response 
procedures (list:) 

(b) Plant abnormal proce
dure(s) (list:) 
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Trainee Activity 

Review TS 3/4.4.1 and Power Flow Map. 

Respond to instructor questions. 
• Review Plant Procedure 4.2.1.7 

(Primary Cooling Pump Seal 
Failure) 

- TS 3/4.3.2 

- TS 3/4.1.1 

- TS 3/4.4.1. 

• Review applicable technical spe
cifications for reactor leakage 
and single primary cooling loop 
operation: 

Respond to instructor questions: 

• Turbine trip 

• Flow coastdown 

• Reactor power decrease 

• Primary pump suction or discharge 
valve closed. 

• Review Alarm Response Proce
dure 4.602.Al3-4.5 (Primary 
Cooling Pump Turbine Trip) 

• · Review Alarm Response Proce
dure 4.602.A&-4.7 (Primary 
Cooling Pump Trip) 

•· Review Abnormal Proce-
dure 4.2.1.10 (Loss of Core Flow). 
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SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

EXERCISE PREVIEW-CLASSROOM (Continued) 

Instructor Outline 

3. SUMMARY 

a. Review Learning Objectives 

Note: Normallr,, these instructions would not 
necessarily be included in the body of the 
exercise guide, but would be explained in a 
training department instruction governing 
the use of simulator exercise guides. 

(1) If the classroom presentation does 
not immediately precede the 
simulator training session. review 
the scenario summary and the 
learning objectives. 

(2) Trainee knowledge is assessed 
using items listed in segments 
titled "QUESTIONS ... 

(3) All bold-faced segment titles (e.g., 
MALFUNCTION, role play) re
quire the instructor to perform 
certain functions that impact the 
conduct of the exercise. 
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Trainee Activity 



1. 

2. 
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ATTACHMENT 22 
SAMPLE LESSON PLAN FORMAT -SIMULA TOR 

(Continued) 

PREEXERCISE BRIEFING-EXERCISE-POSTEXERCISE CRITIQUE 

Instructor Outline Trainee Activity 

SIMULATOR INmAL CONDmON 
SET-IC-11 

PREEXERCISE BRIEFING 

a. Scenario Summary (if needed) 

b. Learning Objectives (if needed) 

c. Shift Turnover Information 

(1) No equipment out of service 

(2) No evolutions in progress 

(3) No abnormal equipment lineups 

(4) Planned evolutions-ECCS 
surveillance 

(5) Initial plant conditions: 

(a) Power (100%) 

(b) Core Flow (100%) 

(c) Equilibrium xenon 

(d) Maximum decay heat power 
history 

(e) Refueling is scheduled for 
next month. 

d. Assign Shift Positions Conduct shift turnover, board 
walkdown and assume shift positions 
and prepare to perform ECCS 
surveillance. 

3. EXERCISE 

a. Stan Simulation-RUN 
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(Continued) 

PREEXERCISE BRIEFING-EXERCISE-POSTEXERCISE CRITIQUE 

Instructor Outline 

MALF1.JNCTION: Activate Malfunction 11-03-
0007, .. A" ECCS pump inoperative. 

QUESTIONS: At appropriate times as the 
surveillance is conducted or later during the 
critique, ask questions probing trainee knowledge 
of related. fundamental topics such as the 
following: 

Ql. Definition of electrical motor starting 
current? 

Q2. Difference between starting and run
ning current of alternating current 
induction motors? 

Q3. Normal valve lineup of the ECCS 
system? 

Q4. Locations of ECCS components? 

OBSERVATION: Observe that students take 
immediate and subsequent action in response to 
inoperative ECCS pump as per Plant 
Procedure 2.1.3 and TS 3/4.5.1. 
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Trainee Activity 

• Direct ECCS surveillance. 

• Comply with procedure in accor
dance with station policy; maintain 
plant conditions to comply with 
surveillance prerequisites. 

• Answer instructor questions. 

Al. Current flow is due to voltage 
applied to a pure resistive load 
(windings) before a counter 
EMF is produced by rotor back 
into stator. 

A2. Starting current is six to seven 
times as great as running 
current. 

Al. Valve V-1 open; Pump B 
running; Pump A in off posi
tion; Valve V-5 closed; flow 
control valve closed; Valve V ~ 
closed; Valve V-51 open. 

A4. ECCS test bypass valves located 
in ECCS pump room. 

• Recognize "A" ECCS pump does 
not start and announce failure to 
Control Room personnel. 

.... Direct maintenance foreman to 
investigate cause of pump failure. 

-~·- ·-·~--
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(Continued) 

PREEXERCISE BRIEFING-EXERCISE-POSTEXERCISE CRITIQUE (Continued) 

Instructor Outline 

Note: Perform the role of plant personnel as they 
are asked for by the shift supervisor or 
Control Room operator. 

ROLE PLAY: As maintenance foreman, advise 
the control room that the reason for pump failure 
cannot readily be determined, and that trouble
shooting efforts have started. 

MALFUNCTION: Activate Malfunction 10--05-
0001, Primary Cooling Pump .. A" Seal Failure, 
after discussion of TS action requirements. 

OBSERVATION: Observe diagnosis of 
the primary cooling pump seal failure. 
The following symptoms are evident: 

1. Leak detected "Confinement Equip
ment Drain Flow High" annunciator 

2. Leak detected "Confinement Floor 
Drain Flow High" annunciator 

3. Primary cooling pump outer seal 
leakage high 

4. Primary cooling pump seal staging 
flow high/low. 

OBSERVATION: Observe trainees take immediate 
and subsequent actions in response to primary 
cooling pump seal failure as per Plant Proce-
dures 4.3.1.2, 4.3.1.3, 4.2.1.7, and TS 3/4.3.2 
aad 3/4.1.1. 

ROLE PLAY: As plant equipment operator, advise 
as to the Control Room pump seal leak rate. 

Trainee Activity 

• Declare ECCS system inoperable. 

• Determine technical specification 
requirements for inoperable 
ECCS pump. 

• Perform immediate and 
subsequent actions for failed 
primary cooling pump seal failure. 

• Determine primary cooling pump 
seal failure. 

• Announce failure to Control 
Room personnel 

• Determine seal failure leak rate 
from equipment drain sump pump 
run times and integrator readings. 

• · Determine Technical Specifications 
action requirements for inoperable 
primary cooling pump. 

• Secure the malfunctioning 
primary cooling pump and isolate 
the pump; verify leakage bas 
stopped. 
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ATTACHMENT 22 
SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

PREEXERCISE BRIEFING-EXERCISE-POSTEXERCISE CRITIQUE (Continued) 

Instructor Outline 

Note: Perform the role of plant personnel as 
requested by the shift supervisor. 

ROLE PLAY: As maintenance foreman, request 
the shift supervisor approve a work order allow
ing maintenance on the isolated primary cooling 
pump. 

MALFUNCTION: Activate malfunction 10.01-
0002, Primary Cooling Pump "B" Turbine trip. 

(Caution! When primary cooling pump trips, 
remove Mal function l 0. 01-0002.) 

OBSERVATION: Observe diagnosis of the 
primary cooling pump trip: 

l. Primary coolant pump trip 

2. Primary flow coastdown 

3. Reactor power decrease. 

OBSERVATION: Observe trainees take imme
diate and subsequent actions in response to 
primary cooling pump trip per Plant Procedures 
4.602.Al3-45, 4.602.A6-47, 4.2.1.10 and 
TS 3/4.4.l. 

QUESTIONS: At appropriate times during 
the casualty, ask questions probing trainee 
knowledge of related, fundamental topics such as 
the following: 

QS. Methods of determining the cause of the 
primary cooling pump turbine trip in the 
Control Room 
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Trainee Activity 

• · Perform immediate and 
subsequent actions for tripped 
primary cooling pump. 

• Determine primary cooling pump 
trip. 

• Announce failure to Control Room 
personnel. 

• Determine technical specification 
limitations for no primary cooling 
pumps running. 

• Dispatch plant equipment 
operator to determine cause of 
primary cooling pump trip. 

.. Answer instructor questions. 

AS. Potential causes: 

.. Indication of turbine fault 

.......... _.,~--
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ATTACHMENT 22 
SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

PREEXERCISE BRIEFING-EXERCISE-POSTEXERCISE CRITIQUE (Continued) 

Instructor Outline 

Q6. Temperature difference limits between 
isolated and operating primary cooling 
loops and how they are measured. 

TERMINATION: After team decides plant con
ditions can be maintained or plant management 
decides to shut down and make needed repairs
end of scenario-FREEZE SIMULATOR. 

4. POSTEXERCISE CRITIQUE 

a. Obtain trainee's self-evaluation/ 
comments/questions. 

b. Review learning objectives. 

c. Review the exercise using recorder 
traces of the evolutions; compare 
trainee responses to malfunctions 
with correct responses. 

d. Review all oral questions and correct 
answers; correct the wrong answers 
provided by individual trainees during 
the exercise. 

e. Critique student performance observed 
daring each exercise: 

(a) Reinforce proper individual and 
team performance 
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Trainee Activity 

• Primary cooling pump suction or 
discharge valve closed (governor 
trip) 

• Loss of vacuum 

• Loss of bearing oil pressure. 

A6. Refer to temperature recorder 
TR-560 for primary cooling 
pump temperature (Loops A and 
B)-Technical Specifications 
limits. 

Discuss major problems and questions 
about the scenario. 
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ATTACHMENT 22 
SAMPLE LESSON PLAN FORMAT-SIMULATOR 

(Continued) 

PREEXERCISE BRIEFING-EXERCISE-POSTEXERCISE CRITIQUE (Continued) 

Instructor Outline 

(b) Reinforce applicable theory 

(c) Identify areas for improvement. 

f. Solicit additional questions from 
students and promote discussion of 
correct answers. 

S. EVALUATION (at conclusion of simulator 
training session) 

a. Performance evaluation form 1one per trainee) 

(1) Strengths 

(2) Weaknesses. 

b. Discuss evaluation results with each trainee. 

c. Comments. 
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ATTACHMENT 23 
TRAINING MATERIALS HISTORICAL RECORD 

NUMBER: TITLE: 

DATE REVISION APPROVED: 

Scope and Reason for Modification Instructor Date 
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ATTACHMENT 24 
INSTRUCTOR ACTIVITIES 

Instructions-Review the guidelines below, and check off each as they are accomplished: 

1. Gaining and maintaining attention and motivating the trainee: 

D a. Appeal to known interests of the trainee. 

D b. Relate the instruction to short- and long-term goals of the trainee and training pro
gram. 

D c. Change the media and schedule break periods during lengthy segments of training. 

2. Informing the trainee of the learning objectives: 

0 a. Address the learning objectives in clear. concise language; and if necessary, illustrate 
them in a variety of ways to clarify misunderstandings and for added emphasis. 

0 b. Relate the value of the learning objectives to job performance. 

0 c. Explain the enabling objectives and how they relate to mastery of the terminal 
objective. 

3. Eliciting recall of prerequisite knowledge: 

0 a. Stimulate the recall of previous learning and relate it to new information. 

4. Presenting the training material: 

0 a. Use appropriate media to provide a visual demonstration of the information. 

0 b. Present statements of new information in a meaningful context and logical sequence. 

0 c. Provide examples and periodic review or summaries. 

D d. Provide for proper timing and sequence within and between skill events, and break the 
events down into manageable steps. 

5. Providing learning guidance: 

0 a. Provide features of the job environment that will aid in retention of the information, 
concept, or rule. 
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ATTACHMENT 24 
INSTRUCTOR ACTIVITIES 

(Continued) 

D b. Provide opportunity for the trainee to apply the concept or rule in a variety of new 
situations. 

D c. Identify each skill step, its performance, and its relationship to the overall skill event. 

6. Eliciting mastery or the learning objectives: 

D a. Ask the trainee to state or write the information or to perform the skill event. 

D b. Ask the trainee to apply the rule or concept in an unfamiliar situation. 

D c. Monitor trainee progress. 

7. Eliciting perrormance Ceedback: 

D a. Identify to the trainee what is wrong or omitted from the information, concept, or 
rule. 

D b. Provide assessment of performance and reward promptly and frequently during early 
training, and occasionally during later training stages. · 

8. Evaluating trainee perCormance: 

D a. Ask the trainee to restate the information, rule, or concept. 

D b. Ask the trainee to originate a situation and apply the rule or concept. 

D c. Ask the trainee to perform the skill in accordance with the standards of performance. 

9. Enhancing retention and transfer or training material: 

0 a. Provide time for repetition and rehearsal of the information, concept, or rule. 

0 b. Provide the opportunity for application of the rule or concept to a variety of job 
situations. 

0 c. Provide periodic practice for infrequently used skills. 

~ -. ~ ,. 



DOE-HDBK-1078-94 

ATTACHMENT 25 
LESSON PLAN CHECKLIST 

Instructions-Review the following guidelines as a basis for classroom application, and check off 
each item as you become familiar with each event: 

1. Cover Page 

D a. List lesson plan number and lesson time. 

D b. List all references; name and number all training aids. 

D c. All objectives are clearly written and are measurable. 

2. Introduction 

0 a. Introduce yourself; establish credibility. 

0 b. Identify ground rules: 

(1) Break/lunch, location of restrooms, smoking policy 

(2) Note-taking, handling of questions, trainee evaluation(s). 

0 c. Motivate trainees: 

( 1) Stress WilFM; explain purpose of the class 

(2) Relate actual job experiences; use vivid examples. 

0 d. Review objectives and give overview of lesson. 

3. Body QYh!!! will you train?) 

0 a. Organize and train to lesson objectives. 

0 b. Mention enabling objectives when covered. 

D c. Use internal summaries-have trainees assist in summarizing. 

D d. Repeat new information three to six times during the lesson. 

D e. Make content interesting: 

(1) Use examples and analogies; relate to actual job 

(2) Incorporate a variety of visual training aids. 
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ATTACHMENT 2.5 
LESSON PLAN CHECKLIST 

(Continued) 

4. Summary 

0 a. Review lesson objectives: 

(1) Have trainees provide answers 

(2) Consider giving trainees time to study notes before the test 

(3) Do not include any new information in the summary. 

S. Instructor Notes <Hfil! will you train?) 

D a. Indicate when and how visual aids and handouts will be used. 

D b. Specify trainee activities. group exercises. etc. 

0 c. Indicate when and how trainee feedback will be obtained; include specific feedback 
questions on key content material. 

6. Objectives and Test 

D a. The performance is clearly stated for each objective. 

D b. The lesson plan supports each enabling objective. 

D c. Each test item is valid (test items can be matched to objectives). 

D d. Each test item is objective. 

D e. Enough objectives are tested for the examination to be reliable. 

LP Number: Reviewer's Name: ---------=Date: 

'· 
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ATTACHMENT 26 
TRAINING MEDIA 

OVERVIEW 

Virtually all presentations involve the use of some form of visual aid. Although most lessons can be 
made more interesting and effective by incorporating audio-visual aids. probably no pan of the 
presentation is misused more. Care must be taken to design the lesson and the use of any visual aids to 
meet the stated objectives. 

EFFECTIVE INSTRUCTOR-TRAINEE COMMUNICATION 

The following basic principles of effective instructor-trainee communication should be considered when 
choosing audio-visual aids: 

• First, visuals can increase trainee understanding where words cannot convey all the information. 
A sketch, photograph, diagram, or graph can describe relationships more completely than words. 
Visuals can also convey the same information faster and more efficiently. 

• Second, long-term retention of information can be increased by visuals. Seventv-five percent of 
all the information stored in the mind comes through the eyes, while 13 % of all the information 
stored in the mind comes from the sense of hearing. Therefore. using the visual sensory channel 
helps to communicate in the way most people are able to learn most easily. 

• Thjrd, instructors are also helped by designing visual aids. The process of designing visual aids 
forces instructors to organize their ideas. and during the presentation the aids assist in keeping 
their thoughts organized. 

GENERAL AUDIO-VISUAL AID GUIDELINES 

Audio-visual aids offer many advantages to the instructor, but there can be many disadvantages if an 
audio-visual medium is not used properly. A good presentation should be able to stand alone without 
visual aids. The training aid should support the presentation, not be the center of it. Audio-visual aids 
should strengthen what is being said, but should not require interpretation. The following general 
audio-visual guidelines should be considered when using and selecting audio-visual aids. 

Audibility and Visibility 

Can everyone in the room comfortably hear and see the aid? (Take into consideration distractin~ noises 
outside the room, the acoustics, lighting, and size of the room.) An aid that cannot be heard or is Illegible 
or cannot be seen is worse than no aid at all because the audience will become distracted. It is advisable 
to rehearse with the visual aid far enough in advance of the presentation to make any necessary changes 
needed. 

Accessibility or Availability 

Plan the use of visual aids around the equipment that will be available where the presentation will be 
given. Is it accessible when needed? A model can be an effective aid, but it can distract the audience if 
it is left in view throughout the briefing. If a model cannot be placed completely out of sight, keep it 
covered in the back of the room or in another room until it is needed. Flip charts can also remain covered 
until it is desired to tum the attention of the audience to the charts. 
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ATTACHMENT 26 
TRAINING MEDIA 

(Continued) 

Adaptability 

Design the training aids to be a natural, intrinsic portion of the sequence of the instruction. Do not 
make important points fit the aid available. The addition of instructional aids in instruction is good; 
however, the aid should be related to the instructional objectives and work smoothly into the subject 
matter. Any difficulties encountered using the aid will distract the audience and detract from the 
effectiveness of the presentation. 

Appropriateness 

Is the visual aid appropriate for the audience being addressed? Are canoons being used when precise 
diagrams and models should be? Determine the intent of the learning objectives, and analyze the learning 
needs of the audience before the aid is used. 

Support Value 

The aid should emphasize the subject matter to be remembered. Instructional aids are tools; and while 
it is desirable for the tool to be attractive and amusing, it should primarily stimulate interest in the main 
subject rather than in itself. The crucial point is that aids are neither superimposed extras nor the 
back.bones around which a subject is organized, but they are an integral part of the treatment of the 
subject, making their unique contribution to the achievement of the stated objectives. 

TYPES OF TRAINING AIDS 

There are many different types of training aids that can be used for an effective presentation. This 
section discusses the various training aids available to you as an instructor. 

Rip Chart 

Flip charts are prepared on large sheets of paper and attached to the top of an easel by a clamp. Each 
chart is flipped over when discussion of the material it displays is finished. The size of the charts can 
vary considerably, depending upon the material to be displayed. An instructor can prepare the chart by 
drawing directly on the paper. The visual can be prepared before class or as the instruction progresses. 
Advantages of preparing the chart prior to class are that more time can be taken to draw the chart and 
more class time will be available for the instructor. Rather than flipping the used sheets over, they can 
be displayed around the room as a subject is developed. The charts can usually be rolled up and carried 
fairly easily for future use or reference. 

35MM Slides 

Slides can be prepared by photographing a particular subject and displaying it on a screen through a 
slide projector. Slides require fairly expensive equipment to project and considerable time to prepare. 
Slides are worth the trouble if they are going to be used a number of times. Slides are particularly 
effective if the group is large or an exact diagram or picture is needed that cannot be 
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ATTACHMENT 26 
TRAINING MEDIA 

(Continued) 

drawn precisely by the instructor. However, the room usually needs to be darkened, which limits eye 
contact with the audience and may tire the audience if used for prolonged periods of time. Slides will not 
necessarily limit your flexibility to use the chalkboard as long as the instructor is close to the light 
switches and is comfortable moving from one medium to the other. 

Overhead Transparencies 

Overhead transparencies are a practical, inexpensive, and versatile method of displaying information. 
Transparencies can be written on like a chalkboard or flip chart, used to construct a chart step-by-step 
through the use of overlays, and the overhead projector can be turned off when not in use. The 
drawbacks are minor but may include keystoning the image on the screen, blocking the audiences' view 
by the projector or the instructor, and occasional difficulties in adjusting transparencies. 

The following are some general guidelines for constructing overhead transparencies: 

• They should be kept simple in detail and word usage. 

• For most situations. there should be no more than ten lines and at least two minutes should 
be allowed for its use. The audience will be confused and frustrated if transparencies are 
changed more frequently because it takes twenty to thirty seconds for the audience to focus 
on the content. 

• The transparency should clarify an idea better than speech alone could. 

• The transparency should present highlights only. 

• Use large, clear, bold, uncrowded letters and lines. 

• The lettering should be large enough for all to see easily and stand high enough so that the 
lettering at the bottom is not blocked by the audience. 

• Only use those transparencies that accurately represent the facts; if graphs or charts are used, 
analyze them before the presentation so that comments and answers are accurate. Verify that 
there are no flaws in the interpretation of the chart. 

• A contrasting color should be used to highlight only important points. 

• · The transparency should be neatly made and be an accurate representation of the idea to be 
conveyed .. 

.. The transparency should be sturdy and easy to carry or file. 

Handouts 

Handouts can be an effective way of increasing a trainee's learning and retention if careful thought has 
been given to their preparation and use. The following are guidelines for the use of handouts: 
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ATTACHMENT 26 
TRAINING MEDIA 

(Continued) 

• The audience may be distracted by the handouts if they are distributed while the presentation 
is being given. Supplemental handout material (i.e., articles) should be handed out as 
identified in the lesson plan so that the trainees' attention is focused on the material at the 
appropriate time. 

• Reproduce copies of flip charts or transparencies only if they are vital for future reference. 

• Reproduced charts that are not completely understandable by themselves should be 
accompanied by interpretive remarks and/or notes for future reference. 

• If the handouts do not contribute to the learning objectives, do not use them. 

Chalkboard 

The chalkboard, or whiteboard if using dry-erase pens. is one of the most useful and least expensive 
forms of visual aid equipment. It offers plenty of space and can be changed relatively easily. Words, 
diagrams. and sketches can all be used on a chalkboard. Writing on the chalkboard adds variety to the 
presentation and gives the audience a chance to take notes. The audience can get involved by being asked 
for input and listing their ideas on the board. The following are guidelines for use of the chalkboard: 

• Writing should be legible. neat, and much larger than usual. 

• All members of the audience should be able to see the chalkboard. Remove any visual 
obstructions and avoid writing on the bottom of the board. 

• Enough time should be allowed for the audience to copy or study the material developed on 
the chalkboard before you erase the material. 

.. The instructor should not talk while writing on the boarrt. 

• Writing lengthy material on the board should be avoided. 

•· Key ideas and phrases should be written on the board for emphasis. 

• Material on the board should be erased when it is no longer needed. 

Film and Video Tape 

FUm and video tape are very effective in conveying an idea, particularly when the instructor does a 
good job in preparing the audience with an introduction to the material and in conducting a summary after 
its showing. Films can be selected from various libraries and vendors. Video tapes, however, can be 
produced at the facility. Events such as previous lectures, debates, panel discussions, facUity evolutions, 
etc., can be recorded. Speciric tasks may be dramatically displayed on video tape with narration or 
allowing the instructor to discuss as the task evolves. As with film, there are several sources of video 
tapes on a wide variety of subjects. 
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ATTACHMENT 26 
TRAINING MEDIA 

(Continued) 

Some disadvantages of film and video tape are the availability of the equipment. the cost of films, 
video tapes and associated equipment. and the complexity of using the equipment. 

The following rules should be helpful when using film and video tape equipment: 

• Set up the equipment before the session and test it to ensure that it is operating as expected. 

• Check the seating arrangements and remove any visual obstructions. 

• Designate an assistant to help with light control if necessary. 

• Have spare equipment available. 

INCORPORATING TRAINING VISUAL AIDS 
INTO THE PRESENTATION 

The following is a list of suggestions for developing training aids. which will contribute to the 
achievement of the learning objectives and facilitate communication in the classroom: 

• Prepare lesson of instruction as usual. 

• Examine the lesson plan to see whether any learning outcome could be achieved better 
through supplementing or reinforcing words with training aids. 

• Upon identifying such an objective, consider several aids that would help to achieve it. 
Choose the best training aid for the learning objective, to help the students master the lesson. 
Also use a variety of training aids in order to vary the pace of the instruction. 

• Decide which training aids are best adapted to the needs, resources, and capabilities. 

• Locate the aid needed, or have it made. 

• Rehearse the presentation with the aid and determine if the aid really contributes to the 
completeness of the presentation. If not, alter or eliminate it. 
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ATTACHMENT 27 
LEARNING ACTIVITY CHARACTERISTICS 

TRAINING MEDIA CHARACTERISTICS 

Visual The learning activity has pictorial or alphanumeric 
characteristics that are best learned through visual 
display of those characteristics. 

Visual Movement Physical movement, in the learning activity, is best 
learned throuqh demonstration of that movement. 

Exact Scale The learning activity requires knowledge of the exact 
form and dimensions of an object that is best learned 
throuqh an exact scale representation of the object. 

Audio The learning activity has sound characteristics that are 
best learned through demonstration of those 
characteristics. 
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ATTACHMENT 28 
EXISTING MATERIAL REVIEW CRITERIA 

Category 

Appropriateness to ex
pected trainee entry-level 
skills and knowledge 

Coverage of learning 
objectives 

Consistency with learning 
activities 

Compatibility with the 
"Training Development 
and Administration Guide" 

CRITERIA 

Clarification 

Are the materials prepared 
at a level of skills and 
knowledge appropriate to 
the trainees? 

Are the materials clearly 
written and presented so 
the trainee can complete 
the required learning 
activities? 

Do the materials reflect the 
learning objectives of the 
desired program? 

Will the use of the mater
ials be consistent with 
other materials used in the 
training program or the 
mastery of the learning 
objectives? 

Do the materials conform 
to the learning activities of 
the desired program? 

Are the materials practical 
for use in the given facility 
situation? 
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Application 

Determine if material content 
can be related to expected 
entry-level skills and 
knowledge, including ap
propriate reading level of the 
trainees. 

Determine if selected trainees 
can use the materials and 
complete the learning 
activities. 

Assess the material, com
paring the learning objectives 
to those of the desired 
program, and determine 
which learning objectives are 
not covered adequately. 

Analyze sets of materials to 
determine if they are sup
ponive and provide an effec
tive progression of learning. 

Analyze the material, com
paring the learning activities 
to that of the desired pro
gram. Identify any deficien
cies. 

Determine if the materials can 
be used in facilities with 
available equipment, time, 
space, and with the number of 
trainees planned. 
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ATTACHMENT 29 
SAMPLE INSTRUCTOR EVALUATION FORM 

Instructor: Observer: Class Size: Date: 

I I 

Class ID: Course Title: Location: 

General Class Occupations: Length of Lecture: Length of Observation: 

Instructions-Answer the questions below, and make comments whenever uNo" is selected: 

1. Did the instructor follow the master lesson plan? D Yes 0 No 

Comments: -------------------------------------------------------

2. Was the instructor's knowledge of the subject satisfactory? D Yes 0 No 

Comments: ---------------------------------------------------------

3. Was the instructor's method of presentation satisfactory? D Yes 0 No 

Comments: -----------------------------------------------------

4. What was the attitude of the instructor towards the r..,.1_a-s ... s'----------

5. What was the general attitude to the class? 

Comments: -----------------------------------------------
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ATTACHMENT 29 
SAMPLE INSTRUCTOR EVALUATION FORM 

(Continued) 

6. Were handouts used? 

Were the handouts satisfactory 

0 Yes 

0 Yes 

0 No 

D No 
D Not Observed 

D Not Observed 

Comments:---------------------------

7. Were visual aids used? 0 Yes 0 No 0 Not Observed 

If "yes," what type'.__-----------------------

Comments: -------------------------~ 

8. Were the visual aids satisfactory? 0 Yes D No D Not Observed 

Comments=---------------------------

Instructor Performance Summary: 
(Excellent) 

10 9 8 7 6 

(Average) (Needs Improvement) 

5 4 3 2.' 1 

General Comments: ------------------------

Reviewer: ---------

<Date) 

Noted by Supervisor: 

cc: File (original) 
Instructor 
Training Manager 

(Observer's Signature) 

Reviewed with Instructor: --------

(Date) 

(Date) 

<Note: Similar forms should ·be developed and utilized for each instructional setting.) 
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Location: 

DOE-HDBK-1078-94 

ATTACHMENT 30 
INSTRUCTOR/SUPERVISOR EVALUATION EXAMPLE 

1iucTa11~Tna1~1·---vrcnri ... ,,., ''"T1n111 1"!1111"\1:: 

... Evaluation Date: 

Start: Finish: 

CourH Title· Lesson Topic: 

Evaluator: Department: 

All items should be checked on the followina basis as aoorooriatelv desianated: 

N/O = Not observed. 
NI = Performance (Needs Improvement) is less than standard. 
s = Performance (Satisfactory) meets the standard. 
G = Performance (Good) exceeds the standard. 
E - Performance (Excellentl exceeds the standard sianificantlv hiaher. 

NIO NI s G E REMARKS 

TRAINING ENVIRONMENT 
Adjusted lighting ........................... 
Controlled tempereture ....................... 
Kept background uncluttered ••..••••••••••••••. 

Other distraction• .......................... 
INSTRUCTOR 

Introduction: 
Displayed topic ........................... 
Preeented learning objective .................. 
Presented lesson topic overview ............... 
Endeevored to motivate student(s) ..•.••••.•••.• 

StreHed lmponence of materiel •••••••••••••••• 

Solicited cleH penicipetion ••••••••••••••.••.• 

Presentation: 
Knowledge of subject matter •.••••••••. , •• , , •. 

Displayed enthusiasm • • • • • • • • • • • • • • • • • •••••• 

Variety of training aids ..................... 
UH of training aid techniques ................. 
Reinforced student participation . . . . .•••••••.•.. 

Response to student needs ................... 
Used exemplee/enelogiee .................... 
Checked student comprehension/questioning ...... 
Clarified/amplified imponent points ............. 
Maintained student interest ..•••••••.••. , ••.•• 

i 
Delivery rate/voice level ..................... 

t 
Summery/review of lesson ................... 

COURSE CONTENT 
Organized/e••v to follow •••••••••••••••••••••• 

Laaaon technical content accurate ............... 
Course technical content accurate ............... i 
Reviewer: Reviewed with Instructor: 

I I I I 

(Date) !Date) 
Noted by Supervisor: 

cc: File (original) I I 
lnetructor (Date I 
Tninina Meneoer 
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ATTACHMENT 31 
INDICATORS OF POTENTIAL TRAINING 

PROGRAM WEAKNESSES 

Instructions-Check the indicators that were observed during small-group evaluations and the first run 
of the course: 

D 1. Learning objectives are not compatible with the entry-level skills and knowledge of the 
trainees. 

D 2. Learning objectives are not sequenced for effective learning. 

D 3. Learning activities do not support effective accomplishment of the learning objectives. 

0 4. Learning activities do not specify adequately the behavioral activities of the instructor and 
trainees. 

D 5. Text material and references are inconsistent with expected trainee entry-level skills and 
knowledge. 

0 6. Materials contain terminology not used in the facility. 

D 7. Pacing of material is too slow or too rapid. 

D 8. Audiovisual media used is inappropriate or ineffective. 

D 9. Practice exercises are not similar to test items. 

D 10. Test items do not measure mastery of the learning objectives adequately. 
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ATTACHMENT 32 
POSTTRAINING QUESTIONNAIRE 

Instructions-Please check the response you consider appropriate for each question 
and provide comments where appropriate: 

1 a. How difficult was the instruction 7 

D Too Easy 0 Average 0 Too Difficult 

b. Where and why was it too easy or too difficu ........ '------------

2a. How was the length of the instruction 7 

0 Too Short 0 Okay D Too Long 

b. Where and why was it too short or too long.__ ___________ _ 

3. How was the amount of information 7 

D Too Little 0 Okay 
(at one time) 

4a. How was the information? 

D Clear D Average 

D Too Much 
(at onetime) 

D Confusing 

b. Where and why was it confusing'------------------

5. How was the vocabulary in the lesson? 

D Too Simple D Okay 

6a. How were the directions? 

D Clear D Average 

D Too 
Complicated 

D Confusing 

b. Where were the directions confusing?. ______________ _ 

7. How was the amount of practice exercises? 

0 Too Few 0 About Right 0 Too Many 
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ATTACHMENT 32 
POSTTRAINING QUESTIONNAIRE 

(Continued) 

8. How were the practice exercises? 

D Interesting 0 Okay 

9. How was the lesson's pace? 

D Too Slow 0 Okay 

10. How was the content structured? 

0 Logically 0 Okay 

1 1 . Any other general comments? Please write them below. 

Comments: 
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ATTACHMENT 33 
POSTTRAINING INTERVIEW 

Instructions-Review the following questions and briefly comment on each: 

l. How difficult was the instruction? 

2. How was the length of the instruction? 

3. How was the amount of information? 

4. Was the information clear or confusing? 

5. How was the vocabulary in the lesson? 

6. Were the directions clear or confusing? 

7. How were the practice exercises? Were they helpful? 

8. How was the lesson's pace? 

9. How were the illustrations? 

10. Was the instruction sequenced logically? 

11. Did you know this information before you came to class? 

12. Any other general comments? 
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ATTACHMENT 34 
INSTRUCTOR LESSON RATING FORM 

NAME: ________________ _ 
COURSE TITLE: -------

DATE COMPLETED: DATE STARTED: 

UN-
QUESTIONS SAT SAT CORRECTIVE ACTION/COMMENTS 

1. Were course objectives 
developed from specific tasks 
for the course? 

2. Did test questions match the 
objectives taught? 

3. Did subject matter contain i.Y.§1 
the information necessary to 
teach that objective? 

4. Were student exercises and 
practices in instructional 
material relevant to specific 
learning objectives? 

5. Were reference materials 
readily available to the 
instructor and the students? 

6. Were audio equipment and 
materials easily obtainable and 
in good working order? 

7. Were students interested in the 
subject matter? 

8. Were students attentive and 
well motivated? 

9. Was instructor interested in 
the subject matter and 
material? 

10. Did instructor have adequate 
time to prepare for the 
course? 

11. Was learning environment the 
most suitable to the material 
being taught? 
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ATTACHMENT 34 
INSTRUCTOR LESSON RATING FORM 

(Continued) 

UN-
QUESTIONS SAT SAT CORRECTIVE ACTION/COMMENTS 

Was the delivery the system 
most efficient and economical 
available? 

Was the instructor-to-trainee 
ratio appropriate for the in-
structional setting? 

RECOMMENDED CORRECTIVE 
COURSE PROBLEMS ACTION 

(Instructor> 
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ATTACHMENT 35 
SAMPLE COURSE CRITIQUE 

INSTRUCTIONS: This critique sheet will be used to evaluate and improve facility training 
programs. Please place an "X" in a number block to represent your score for each criterion, and include 
additional comments, if you wish. An envelope for completed course critique sheets will be provided 
by your instructor. These completed critique sheets will then be delivered to the appropriate Training 
Manager. 

Name: Job Title: 
Course: Course Date(s): 
lnstructor(s): Course Location: 

PERFORMANCE 

Needs 
Improvement Adequate Excellent 

CRITIQUE QUESTIONS , 2 3 4 5 6 7 8 9 10 

1. Technical quality of the course? 

2. Teaching skills/expertise of the 
instructor? 

3. Technical knowledge of the in-
structor? 

4. Instructor attitude? 

5. Appropriateness of course topics? 

6. Sequence of course topics? 

7. Length of course? 

8. Instructional quality of training 
material? 

9. Participant learning resulting from 
the course? 

10. Overall opinion of the course? 

(Note: If comment is directed to a particular criteria, please include the number with 
your comment.) Comments: 

Signature (optional) 
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ATTACHMENT 36 
EXAMPLE EMPLOYEE TRAINING EVALUATION 

This form is to be completed by the trainee following completion of the training. A rating of 1 
indicates little or no value or poor quality. A rating of S indicates high value or high quality. 

EMPLOYEE TRAINING EVALUATION 

Course Title: 

Instructor: I Date: 

Please include comments in each blank: Check appropriate box: 

1. Objectives (clear, appropriate>? roor 1E:Jll~tl 2 , I a 
2. Content (organized, relevant)? roor IE~j"~] 2 a 1 I 
3. Speaker (knowledgeable, responsive)? foor IE~jll~tl 1 I 2 3 

4. Delivery (lively, stimulating, clear, fluid>? foor IE~jll~] 2 a 1 I 
5. Visual Aids (helpful, well-designed)? roor IE~jll~tl 2 3 1 I 
6. Handouts (helpful, well-designed>? roor IE~jll~' 2 1 I 3 

7. Application (useful on the job)? roor 1E:J"~] LI 2 3 

8. Overall Rating (satisfying, recommendable)? foor E:cil!~t 
2 1 I 3 I ·1 

Other comments (e.g., training weaknesses/strengths, suitability of course length, 
adequacy of facility· 

Name (optional): Contractor: 

Department: Title: 
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ATTACHMENT 37 
REVISION CRITIQUE SUMMARY 

The following example represents a method for instructors to summarize the major comments 
submitted by students for supervisory notification and possible course or lesson revision: 

Course/Lesson Title: 

Period of Instruction: Instructor: 

Critique Comments Recommended Action 

I I 
(Submitted By) (Date I 

Training Coordinator's Comments: 

Action: 
D Revision File I I 

(Training Coordinator) (Date) 

D Return 

cc: Training Manager 
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ATTACHMENT 38 
LESSON PLAN REVIEW CRITERIA CHECKLIST 

This example checklist could be used to judge whether a lesson plan meets predetermined standards 
and is ready for use by an instructor. 

Note: To use this checklist each item must be compared to standards that are determined by your 
individual facility. These standards should be included on this form. 

Course/Program: 
Author:--~~~~~~~~~~~~- Revision No.: 

Date: I 
Instructions to Reviewer: Place the appropriate letter in the blank provided-

S (Satisfactory), U (Unsatisfactory). If U is entered, explain why in the comment section: 

S = Item is properly completed 

U = Item is not completed or improperly completed 

N/ A = Not applicable. 

Cover Page (A) 

1. -

2. -
3. 
4. 

Course/program title 

Module/title or unit number 

Appropriate approvals (supervisor, SME, etc.) 

Prerequisites for module/unit 

Page numbers with total pages of lesson plan listed 

I 

s. -
6. Revision number and effective date (if initial lesson plan, write in date of lesson 

plan completion) 

7. - Author's name 

8. - Revisor's name 

9. - Learning objectives 

10. - Learning objectives listed in sequence as taught 

11. - Approximate teaching time 

12. - Instructor references 

13. - Trainee references. 

Comments: 
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ATTACHMENT 38 
LESSON PLAN REVIEW CRITERIA CHECKLIST 

(Continued) 

Left-Hand Column (B): , . - Content written in seminarrative style (not a typical outline or 
completely narrative textbook) 

2. - Content introduction, motivational statement 
3. - Content summary/review of objectives 
4. - Content matches objectives 
5. - Math word problems with solutions fully written. 

Comments: 

Right-Hand Column (C): 
1. - Lists instructional methods in sufficient detail to permit another 

instructor to successfully teach the lesson 
2. - Lists media to be used 
3. - Lists oral questions and answers. 

Comments: 

OVERALL RECOMMENDATION 

The reviewer is instructed to use the following criteria and check one of the two boxes 
below: 

1. If all applicable items are Acceptable-Check Box a. 

2. If any applicable items are Unacceptable-Check Box b. 

3. List specific problems under "Comments." 

D a. Recommended for approval. 

D b. ~ recommended for approval. Critical missing items listed below 
should be added and the lesson plan resubmitted for review and 
approval. 

Comments: 

Reviewer's Signature· Date: l l 
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ATTACHMENT 39 
INSTRUCTOR OBSERVATION CHECKLIST-CLASSROOM 

I I 
(Instructor I Observer) (Class Size) (Date) 

(Course Title} (Phase Title) (Lesson Title} 

(Length of Lesson (scheduled/actual)) (length of Observation) 

Directions: Check Yes, No, N/O (Not Observed), of N/A (Not Applicable). 

The following questions provide a example of how a checklist format could be used to 
evaluate an instructional presentation in a classroom setting: 

1. Advance Preparation-Determine if the instructor demonstrated adequate preparation 
for the training session: 

YES liQ t:UQ WA 
a. Training area was set up for effective instruction prior D D D D to training (e.g., lighting, seating, supplies)? 

b. Training materials were gathered and checked for D D D D accuracy, completeness, and legibility? 

c. Training materials were previewed 7 0 D D D 
d. Administrative materials (e.g., attendance sheets) D D D D were organized for eff active and efficient use 7 

e. Training aids and materials (e.g., tests, handouts, D D D D transparencies) were available? 

f. AudioNisual equipment was set up and operational? D D D D 

2. Format of the Training Material-Determine if the instructor demonstrated ability to 
follow the lesson: 

Yll NQ rHQ rJLA 
a. An overview of the session was presented as a part 0 D D D of the introduction 7 

b. Training content was presented according to the lesson D D D D plan? 
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ATTACHMENT 39 
INSTRUCTOR OBSERVATION CHECKLIST-CLASSROOM 

(Continued) 

2. Format of the Training Material (continued): 
YES ~ NlQ NIA 

c. Instructor/trainee activities were implemented according D D D D to the plan? 

d. The instructor demonstrated the ability to make instruc- D D D D ti on meaningful for the trainees? 

e. Training objectives were provided at the beginning of the D D D D class? 

f. Objectives were reinforced during the training? D D ·o D 
g. Examples and analogies were used to apply the content D D D D to practical situations? 

Determine if the instructor demonstrated the ability to focus trainee attention on the 
training content: 

Y§ ~ NlQ WA 
a. The trainees were provided with an appropriate purpose/ D D D D rationale for the training? 

b. Interest in the topic was increased through use of D D D D reinforcement? 

c. The relationship of the present session to previous training D D D D was identified 7 

d. The on-the-job significance of the training was D D D D emphasized? 

Determine if the instructor demonstrated the ability to present the content and instructor/ 
trainee activities in an organized. logical sequence: 

YU NQ .WQ WA 

a. One teaching point/objective flowed to the next? D D D D 
b. Trainees could follow the presentation without D D D D confusion? 

c. "Nice to know" information was minimized? D D D D 
d. Meaningful relationships between concepts and skills D D D D were clear? 

e. Topics had natural beginning and ending points? D D D D 
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ATTACHMENT 39 
INSTRUCTOR OBSERVATION CHECKLIST-CLASSROOM 

(Continued) lll'11 

3. Technical Material Review (for use when evaluation is performed by a SME)-Determine 
if the instructor demonstrated appropriate technical competence to present the subject 
matter: 

Yil HQ !ilQ NIA 
a. Content knowledge was accurate and current? D D D D 
b. Knowledge was of appropriate depth? D D D D 
c. Knowledge could be applied to the job as appropriate? D D D D 

4. Applied Instructional Theory-Determine if the instructor demonstrated the ability to 
involve trainees actively in the learning process (as opposed to constant lecture or 
watching a demonstration): 

Y§ NQ !ilQ WA 
a. Active trainee participation was encouraged? D D D D 
b. Checks for understanding were made through question- D D D D ing, performance, review quizzes, etc? 

c. Training was monitored/adjusted according to trainee D D D D needs? 

d. Allowances were made for "slower" and "faster" D D D D learners? 

e. Behavior and trainee responses were reinforced in a D D D D positive manner? 

f. Frequent and appropriate trainee responses were D D D D elicited? 

g. Opportunity to ask subject-matter questions was D D D D encouraged? 

h. Trainees were given an opportunity to practice more D D D D than once (if needed)? 

i. "Hands-on" practice was provided where possible? D D D D 
j. "Hands-on" practice emphasized critical steps and D D D D skills? 
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ATTACHMENT 39 
INSTRUCTOR OBSERVATION CHECKLIST-CLASSROOM 

(Continued) 

4. Applied Instructional Theory (continued) Determine if the instructor summarized key 
points. information, and task steps before progressing to the next objective: 

a. The amount of information presented was appropriate 
for the trainees? 
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ATTACHMENT 40 
TRAINING DEVELOPMENT RECOMMENDATION CHECKLIST 

The example below is representative of how a checklist could be used to evaluate facility 
change actions and their applicability to training. 

Originator: --------------------------------------------------------------

New Development: -------------------- Revision: -------

1. Identify the problem/need_· ----------------------

2. Is the problem/need safety-related? Yes: No: 

3. What job classification is affected? (Check one) 

a. Control Room operator 
b. Shift supervisor 
c. Shift superintendent 
d. Facility equipment operator 
e. Shift technical advisor 
f. Electrician 
g. Mechanical maintenance 
h. Instrument and control technician 
i. Radiation protection technician 
j. Chemistry technician 
k. Managers and technical staff 
I. Other 

4. What type of task is involved? (Check one) 

a. Normal operations 
b. Maintenance and surveillance 
c. Administrative 
d. Abnormal 
e. Emergency 
f. Team evolution 
g. Other 

5. How important is this situation? (Check one) 

a. Negligible 
b. Undesirable 
c. Ser~us 
d. Severe 
e. Extremely severe 

6. Does the situation require urgent consideration? Yes: No: 
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ATTACHMENT 40 
TRAINING DEVELOPMENT RECOMMENDATION CHECKLIST 

(Continued) 

7. How difficult is this task to perform? {Check one) 

a. Not difficult 
_ b. Moderately difficult 
_ c. Very difficult 

8. What is the frequency of this problem/need? (Check one) 

a. Infrequent (a few times a year) 
_ b. Moderately (about once a month) 
_ c. Very frequent (weekly to daily) 

9. What is the source of the problem/need? (Check one) 

a. Lack of training 
b. Insufficient training emphasis 
c. Lack of practice during training 
d. Incorrect training materials 
e. Conflict between training and job requirements 
f. Regulatory requirement 
g. Not applicable 

10. How can this recommendation benefit facility operations? (Check one) 
a. Correct _unsafe practices 
b. Improve facility availability 
c. Eliminate equipment misuse/damage 
d. Reduce reworks 
e. Reduce unscheduled maintenance 
f. Improve employee performance 
g. Accelerate qualification 
h. Avert anticipated problem 
i. Respond to regulatory/requirement/change 
j. Maintain job qualifications 

11. How do you suggest training be revised or developed? 
(Attach a written description that describes the root cause of the problem and how it 
should be corrected.) 

Recommendation Submitted By._· ----------------
{Signaturemtle) 

Recommendation Reviewed Bv-· ----------------
(Signature) 

Recommendation Approved By·_----------------
(Signature) 
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ATTACHMENT 41 
LABORATORY INSTRUCTOR EVALUATION 

This rating scale provides an example of how a laboratory session could be evaluated. 
The Mastery, Satisfactory, and Unsatisfactory ratings provide a three-part rating scale. 

Date: I I 
INSTRUCTOR: EVALUATOR: 

Name: Name: 

TI~e: -------------------------- Ti~e: ---------------------------Course Name: 
Course Number: Control Number: 

EVALUATION: 

Announced: Unannounced: 
Start Time: Stop Time: 

Instructions-The instructional evaluation form is divided into five parts. Each statement 
should be rated. 

M 

s 
u 

NA 

N/O 

EXPLANATION OF RATINGS 

= Mastery 

::a Satisfactory 

= Unsatisfactory 

= Not Applicable 

= Not Able to Observe 

General Instructional Techniques 

Instructor exhibited and consistently applied the 
stated characteristic. 

Instructor exhibited the stated characteristic. 

Instructor did not exhibit the stated characteristics. 

Not relevant to this observation. 

Evaluator not present when it should have occurred. 

Ratings 
<circle one) Notes 

1. Objectives for the laboratory were: 

a. Stated prior to performance. 

b. Discussed prior to performance. 
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ATTACHMENT 41 
LABORATORY INSTRUCTOR EVALUATION 

(Continued) 

General Instructional Techniques 

2. Instructor followed the lab guide (content 
and time). 

3. Instructor actively assisted trainees 
during lab sessions. 

4. Instructor identified and corrected trainee 
knowledge and skill weaknesses. 

5. Instructor used trainee responses and 
other situations as opportunities to teach 
and reinforce concepts. 

6. Instructor indicated interest and enthu
siasm for the session. 

7. Instructor listened to the trainees and 
responded to their questions and needs. 

8. Instructor adjusted the pace to the level 
of trainees' knowledge and ability. 

9. Instructor movements and gestures were 
appropriate (not distracting). 

Ratings 
(circle one) 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

10. Instructor maintained vocal variety MS U NA N/O 
(avoided monotone). 

11. Instructor avoided using distracting vocal M S U NA N/O 
mannerisms ("and-uh," "you know," 
"okay?"). 

1 2. The instructor summarized activities at the M S U NA N/O 
end of the session. 

13. Instructor solicited and answered unre- M S U NA N/O 
solved trainee questions at the end of 
session. 
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ATTACHMENT 41 
LABORATORY INSTRUCTOR EVALUATION 

(Continued) 

Knowledge of Subject Matter 
(only to be answered by SMEl 

1. Instructor explained technical information 
clearly and concisely. 

2. The instructor pointed out differences 
that may exist between the lab and 
actual facility procedures and equipment. 

3. The questions required the trainees to: 

a. Think through causes and 
effects of steps. 

b. Think through plant conditions, 
activities, causes, and responses. 

c. Integrate knowledge (theory, 
systems. procedures, tech specs/ 
bases, etc.). 

4. Instructor's feedback to trainees (timing, 
frequency, nature) was appropriate for 
the stage of the session. 

5. The instructor effectively incorporated 
the theory of facility operations and 
industry operating experiences into the 
laboratory training. 

6. Enough time was spent on exercises. 

Comments and Examples: 
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Ratings 
(circle one) 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

MS UNA N/O 

Notes 
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ATTACHMENT 42 
INSTRUCTOR PERFORMANCE ASSESSMENT INSTRUMENT 

This rating scale provides an example for development of a five-pan rating scale. Each descriptor 
builds on the previous one, thus providing a progressive rating from Low (1) to High (5). The specific 
application of this rating scale is to evaluate instructional materials with regard to their suppon of the 
lesson's learning objectives. . 

Instructions: The material is arranged so that the indicators are grouped according to the com.r.etency 
which they define. Each indicator is followed by a general comment which clarifies the 
intent of the indicator. Key points in the descriptors and corresponding examples are also 
provided in an effon to make evaluating the competency and indicator easier. Rate the 
indicator by circling the appropriate descriptor number (1, 2, 3, 4, 5). 

Instructor's Name: ----------------
Course/Program:-------------------------

Date: I I 

COMPETENCY: Uses instructional techniques, methods, and media related to the objectives. 
IND I CA TOR: Uses instructional materials that provide learners with appropriate practice on 

objectives. 

(The focus of this indicator is on materials such as texts, lab equipment, etc., used by individual 
trainees. This may be left blank in some situations. This indicator requires reference to the instructor's 
plans since the focus is the match of materials with objectives.) 

Circle 
Jlmt_ Scale of Descriptors 

1. Materials chosen are irrelevant to the topic or 
objectives, or no materials are used when it would 
have been appropriate to do so. 

2. Materials chosen are related to topics, not objectives. 
For example, the objective may state .. distinguish 
between gamma and beta radiation," but the list used 
includes many other radiation types. 

3. Most materials chosen are relevant and provide for 
practice on specific objectives. Some of the practice 
may be insufficient in quantity to achieve the 
objectives. 

4. Materials chosen are relevant to the objectives. 
Trainees are given ample opponunity to practice the 
objectives. 

5. In addition to Item 4, formal or informal progress 
assessment techniques are used to determine whether 
the practice individual trainees receive is sufficient. 
Classroom questions may be an adequate basis for 
a S rating if Descriptor 4 is observed. However, 
simply asking .. Any questions?" is not sufficient 
for a rating of 5. · 
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ATTACHMENT 42 
INSTRUCTOR PERFORMANCE ASSESSMENT INSTRUMENT 

(Continued) 

COMPETENCY: Plans instruction to achieve selected objectives. 
Specifies or selects trainee objectives for lessons. INDICATpR: 

(This indicator was selected to assess the appropriateness of the objectives which are found in the 
lesson plans. Objectives are to be rated if they are prepared by the instructor or are selected for use from 
the textbook, a .. canned" instructional program, or other source. To be rated, the objectives must be 
included in the portfolio. For a rating of 3 or higher, the objectives must be stated as expressive 
encounters or in the performance terms.) 
Circle 
One Scale or Descriptors Comments 

1. The instructional plans do not include objectives for 
trainees. If there are objectives they are in terms of 
instructor behaviors or goals. 

Example: 
Instructor Behavior-The instructor will introduce 
the topic of reactor fundamentals. 
Long-Range Goals-The trainee will become a good 
operator by his study of reactor fundamentals. 

2. The plans include a statement of trainee objectives 
which are written in broad terms. Many of the 
objectives seem questionable for the topic or the 
trainees. Objectives that should have been used with 
the unit are missing. 

Example: 
Broad Terms-The trainee will understand the 
process of reactivity. 

3. The plans include stated trainee objectives that, with 
only a few exceptions, are appropriate for the topic 
and the trainees. 

Example: 
Performance Outcome-Those objectives in which 
the desired outcome is stated in behavioral terms 
(e.g., the trainee will draw a one-line diagram of 
the RHR system). 

• 4. All.objectives are appropriate to the unit and the 
trainees. The differences in Items 3 and 4 are that 
in Item 3 some of the objectives are questionable for 
the topic and the trainees; whereas, in Item 4 all 
objectives are appropriate for the topics and the 
trainees. 

S. In addition to the items included in Item 4, the 
objectives are sequenced in hierarchical fashion by 
either the instructor or the text. 
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ATTACHMENT 42 
INSTRUCTOR PERFORMANCE ASSESSMENT INSTRUMENT 

(Continued) 

COMPETENCY: 
INDICATOR: 

Demonstrates a variety of teaching methods. 
Implements learning activities in a logical sequence. 

(The intent of this indicator is to determine if the instructor can select and logically sequence learning 
activities. The intent is also to determine if there is sequence from one activity to another within an 
activity.) 

Circle 
One Scale of Descriptors 

1. Activities in the classroom are unrelated to one 
another or to the objectives. 

2. Many ideas. skills. or activities seem out of sequence. 

3. The lesson is arranged to present most ideas. skills. 
etc., in a logical sequence. Only occasionally is there 
a problem of sequence. 

4. No instances of problems in sequencing are noted. 

5. In addition to Item 4, provision is made to acquire 
prerequisites before or during learning activities, if 
learners have not already done so. 
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ATTACHMENT 43 
SUPERVISOR'S POSTTRAINING FEEDBACK 

This example provides a model for supervisors feedback on trainees three to six months after training 
has taken place. This is not a complete evaluation instrument, but it is a sample of a five-part rating scale 
used for posttraining evaluation. 

This posttraining evaluation is designed to obtain information which will maintain and improve training 
program quality. Based upon your observations of the trainee's job performance, rate the trainee on each 
of the listed tasks by circling the appropriate number. The rating should be based on performance of tasks 
that were trained on during the course or program. 

Supervisor's Name: Date: 

Course/Program Title: 

Rating Scale: 

1 - Unacceptable trainee performance; insufficient display of learning ability and/or 
manual dexterity. 

2- Poor trainee performance (partially competent); marginal display of learning and/or 
manual dexterity. 

3...- Adequate trainee performance (competent); sufficient display of learning and/or 
manual dexterity. 

4- Very competent trainee performance; good display of learning and/or manual 
dexterity. 

5- Extremely competent trainee performance: outstanding display of learning and/or 
manual dexterity. 

TASK STATEMENT: Initiate a chemical item classification permit as the requester. 

Rating: 1 2 3 4 5 

TASK STATEMENT: Remove protective (anticontamination) clothing. 

Rating: 1 2 3 4 5 

TASK STATEMENT: Perform a locked, high-radiation area/exclusion area, entry/exit. 

Rating: 1 2 3 4 5 

TASK STATEMENT: Perform equipment/tool/area decontamination. 

Rating: 1 2 3 4 5 
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ATTACHMENT 44 
SIMULATOR INSTRUCTOR OBSERVATION 

This rating scale example is not complete but provides an example format of how simulator 
instruction could be evaluated. The H (High), M (Moderate), and L (Low) scale provides a three-part 
rating for evaluation. 

Instructor: -------------- Course: 

No. or Trainees: Date: I I TI me: Observer Signature: _____ _ 

Instructions: Below is a list of competencies which simulator instructors should use to contribute to 
the learning process. For each competency observed, please check H (High) always 
observed, M (l\1oderate) generally observed, or L (Low) seldom observed, to indicate 
its strength. The ratings must be based on the appropriateness of the characteristic 
observed. Comment on the overall characteristics or on each specific characteristic as 
necessary. 

Competency/Characteristic 

Questioning Techniques: 
1 . Poses questions to the group. 
2. Restates learner's response. 
3. Handles incorrect responses 

appropriately. 

Use of Simulator: 
1. Communicates using proper phones. 
2. Requires trainees to use proper 

phones. 
3. Initiates malfunctions properly. 
4. Operates instructor's console 

correctly. 
5. Utilizes simulator training time 

effectively. 
6. Utilizes simulator training time 

effectively. 

Trainee Activities: 
1. Reports to assigned facility. 
2. Uses procedures. 
3. Uses reference material 

appropriately. 
4. Uses phones correctly. 
5. Works as a team. 
6. Maintains proper roles. 
7. Responds positively to critique. 
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H M L 

§§§ 
H M L 

ODD 
BBB 
ODD 
ODD 
DOD 

H M L 

BBB 

Comment 
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ATTACHMENT 44 
SIMULATOR INSTRUCTOR OBSERVATION 

(Continued) 

Competency/Characteristic Rating 

Technical Knowledge (Contents to be used by subject-matter experts only): 

1 • Presents information clearly. 
2. Demonstrates knowledge of reactor 

operator, senior reactor operator, 
and shift supervisor positions. 

3. Focuses presentation on level of 
learner's understanding. 

4. Organizes material and presentation 
well. 

5. Demonstrates familiarity with facili
ty procedures/reference material. 

Summary (Overall): 
1. Completes required documentation 

and logs. 
2. Summarizes simulator session. 

Reviewed with instructor: 

H M L 

ODD 
ODD 
ODD 
ODD 
ODD 

H M L 

DOD 
ODD 

(Reviewer) 

Noted: 
(Supervisor) 

cc: File (original) 
Instructor 
Training Manager 

(Instructor) 

(Date) 

Comment 

I I 
<Date) 

(Note: Similar forms should be developed and used for each instructional setting.) 
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ATTACHMENT 45 
TRAINEE POSTTRAINING EVALUATION 

This Trainee Posnraining Evaluation example is not complete but is representative of how combined 
rating scales can be used effectively. For each task. the knowledge and performance items are three-part 
scales and the job relatedness and job preparedness items are six-part scales. 

Name: 

Course/Program Title:-----------------------------

Date(s) of Training: 

This Trainee Posttraining Evaluation questionnaire is designed to obtain information which will 
maintain and improve the quality of our training programs. Based on what you now know about your job 
in relation to the training you received in this course, please rate the following performance 
objectives/task statements by checking the relevant line or by circling the appropriate number on the 
rating scales. 

TASK STATEMENT: Conduct surveillance test of instrument valves. 

1. Knowledge-Training provided knowledge of (check one): 

a. Parts, tools, equipment, and simple facts used on the job. 

b. Includes "a" above plus the procedures used to complete the task. 

c. Includes "a" and "b" above plus the operating principles involved in performing the task. 

2. Performance-Training provided the skills needed to perform (check one): 

a. Simple parts of the task. 

b. The task with supervision. 

c. The task without supervision. 

3 •. Job Relatedness-Tasks trained on related to my job (circle one): 

NIA 1 2 3 4 5 
{Not applicable. (Applies (Applie1 aomewhat (Applies to about (Applie1 moatly (Appliea to all 

don not apply very liUle to my job.) half or my job.) 10 my job.) of my job.) 

to my job.) 10 my job.) 

4. Job Preparedness-Level of task training prepared me for my job (circle one): 

N/A 1 2 3 4 5 
{Not applicable, (Appliea (Applies aomewhlt (Applies to about (Appliea moady (Applies to all 
doo1 not apply very little to my job.) half of my job.) 10 my job.) of my job.) 

to my job.) 10 my job.) 
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ATTACHMENT 45 
TRAINEE POSTTRAINING EVALUATION 

(Continued) 

TASK STATEMENT: Calibrate and maintain source range monitor. 

1. Knowledge-Training provided knowledge of (check one): 

a. Parts, tools, equipment and simple facts used on the job. 

b. Includes "a" above plus the procedures used to complete the task. 

c. Includes "a" and "b" above plus the operating principles involved in performing the task. 

2. Performance-Training provided the skills needed to perform (check one): 

a. Simple parts of the task. 

b. The task with supervision. 

c. The task without supervision. 

3. Job Relatedness-Tasks trained on related to my job (circle one): 

N/A 1 
(Not applicable, (Applies 
don not apply very little 
to my job.) to my job.) 

l 
(Applies somewhat 
to my job.) 

3 
(Applies to about 
half of my job.) 

4 
(Applies mostly 
to my job.) 

4. Job Preparedness-Level of task training prepared me for my job (circle one): 

N/A 1 l 3 4 
(Not applicable, (App lie• (Applie1 somewhat (Applie1 to about (Applie1 mollly 
doca not apply very liule to my job.) half of my job.) to my job.) 
to my job.) to my job.) 

TASK STATEMENT: Tag defective equipment/tools. 

1. Knowledge-training provided knowledge of (check one): 

a. Parts, tools, equipment and simple facts used on the job. 

b. Includes "a .. plus the procedures used to complete the task. 

5 
(Applie1 to all 
of my job.) 

5 
(Appliea to all 
of my job.) 

c. Includes "a" and "b" plus the operating principles involved in performing the task. 

2. Performance-Training provided the skills needed to perform (check one): 

a. Simple parts of the task. 

b. The task with supervision. 

c. The task without supervision. 
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ATTACHMENT 45 
TRAINEE POSTTRAINING EVALUATION 

{Continued) 

3. Job Relatedness-Tasks trained on related to my job (circle one): 

NIA 1 2 3 4 
(Not applicable. (Applies (Applie1 aomewhal (Applies lO aboul (Applie1 mollly 
doe1 nol apply very liUle lo my job.) half of my job.) lO my job.) 
to my job.) to my job.) 

4. Job Preparedness-Level of task training prepared me for my job (circle one): 

N/A 1 
(Not applicable. (Applies 
doe1 nol apply very liUle 
lO my job.) to my job.) 

2 
(Applies aomewhal 
to my job.) 

3 
(Applies lO aboul 
half of my job.) 

193; 

4 
(Applie1 mollly 
lO my job.) 

5 
(Applie1 lO all 
of my job.) 

5 
(Appliea lO all 
of my job.) 
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ATTACHMENT 46 
TRAINEE CUMULATIVE FEEDBACK EVALUATION 

This questionnaire example is not complete but provides a format model for evaluating trainee feedback 
at the end of a course. (Note that the scale requires each trainee to evaluate and express an opinion about 
statements relating to the training just received.) 

Course/Program:-~----~----------- Date: I I 

Name (Optional): ----------- Instructor's Name: 

Please circle the following statements using the following scale: 

0 = N/A Not Applic.able Nor Observed 

1 = SD Strongly Disagree 

2 = D Disagree 

3 = N Neutral 

4 = A Agree 

5 = SA Strongly Agree 

NIA SD D N A SA -
1. Time allotted to each unit of 0 2 3 4 5 

instruction was about right? 

2. Examples, analogies. and 0 1 2 3 4 5 
topics in training were relevant 
to my job needs? 

3. Training aids, audio-visuals 
and handouts were current, 

0 2 3 4 5 

accurate, and relevant to my 
job needs? 

4. As a result of attending the 0 2 3 4 5 
program or course, I am better 
prepared to perform my pres-
ent duties? 

5. The classroom setting helped to 0 2 3 4 5 . 
promote learning? 

6. Facility specifics were taught 
where needed? 

0 2 3 4 5 

7. The classroom training I re- 0 2 3 4 s 
ceived was beneficial to me in 
my understanding of facility 
operations? 
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ATTACHMENT 46 · 
TRAINEE CUMULATIVE FEEDBACK EVALUATION 

(Continued) 

N/A SD D N A SA - -
8. The information received in 0 1 2 3 4 s 

training was accurate and 
consistent with information 
received in the plant? 

9. The composition of the group 0 1 2 3 4 s 
was appropriate to allow me to 
gain the most from the pro-
gram (e.g., panicipant posi-
tion, responsibilities, interests, 
beginning knowledge level)? 

10. My questions were answered 0 1 2 3 4 s 
satisfactorily? 

11. Overall, the course/program 
was beneficial and will help me 

0 1 2 3 4- s 
to better perform my job? 

COMMENTS: 
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ATTACHMENT 47 
END-OF-COURSE TRAINING EVALUATION 

-~' ~ 

This end-of-course evaluation example provides an alternate format for a questionnaire evaluation 
instrument. It is also incomplete, but does provide a model for collecting trainee input on training just 
received. 

Course Title: Course Date: I 

Instructor: Trainee Job Title: 

We need your evaluation of the training that you have just completed. Please indicate your responses 
to the statements below by checking the appropriate box: 

Almost Almost 
1. Program Content: Always Always Sometimes Ne.er Nenr N/A 

a. Thia &rainiAJ ,., .. 
D D D D D D NNvanl IO my job. 

b. The &raining w11 well 
D D D D D D orsanizcd. 

c. The &raining objeclivea 
D D D D D D waN clear IO me. 

2. Training Material: 

a. The information 
D D D 0 D D provided in 1.exu and 

baadouta w11 adequat.e. 

b. The I.ext and handout 
D 0 D 0 D D mat.erial wen uay to ..... 

c:. The viaual aida wen of 
D D D 0 0 D food quality. 

3. Instructor: 

a. The inatnaclOr w11 
D D D D 0 D knowledgeable about 

the c:oune mat.erial. 

b. The inllnac:10r'1 
D D D D 0 D u.iainginfonnalion 

- well c:ommunicat.ed 
tome. 

c. 1ba inllnaclOr kept me 
D 0 D D D D ilMrel&ed in the c:oune. 

d. The inaanac:sor 
D D 0 D D 0 daalmtnl.ed 

allllbuaiasm for &raining 
.... th• IUbject beina --. 
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ATTACHMENT 47 
END-OF-COURSE TRAINING EVALUATION 

(Continued) 

Almost Almost 

4. Training Methods: Always Always Sometimes Nenr Ntter NIA 

a. The lecture• were well 
D D 0 D 0 D organized and 

infonnative. 

b. I panic:ipatcd in 
D D 0 D D D cl.usroom diac:uuiona. 

c. Clauroom diac:uuiona 
D D 0 D D D were uaeful for 

c: larifying ideas. 

d. There waa an adequaie 
D D D D D D number of training 

exen:isea. 

e. Training exen:ises were 
D D D D D D uaeful in clarifying 

infonnation. 

f. There waa enough time 
D D D D D D spent on individual 

exen:ise1. 

g. Exam1 and quizzes 
D D D D D D were relevant to the 

training. 

h. Exam1 and quizze1 
D D D D D D rcinfon:ed the training 

malarial. 

COMMENTS: 
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ATTACHMENT 48 
PROGRAM EVALUATION 

This questionnaire is an example of a narrative program evaluation, that could be used to 
comprehensively evaluate a training program covering many months. Only sections of the program 
evaluation have been supplied as a format model. Although classroom and laboratory settings are not 
included in the figure, they should be developed as appropriate. 

Program=------------~ Facility: -------------

Date(s) Conducted From: I I To: I I ---------
Evaluator(s): 

In completing the step-by-step procedures of the narrative program evaluation instrument, the 
evaluator(s) will be required to respond in various manners at each point in the process. Both objective 
and subjective data will be collected. Because of the diversity of the program, some steps may not be 
applicable, and these steps should be cited. Examine the applicable training materials and interview 
instructors, trainees, and trainees' supervisors to answer the following questions: 

Development: 

1. Does a written job/task analysis exist for this program? (Cite examples.) 

2. Did training personnel and facility technical personnel participate in identifying training needs and 
developing training programs? (Describe the process.) 

3. How was the job/task analysis used to provide the basis for making decisions regarding program 
content? (If a training task list or matrix has been developed for this program, attach a copy.) 

4. Were the entry level skills and knowledge of the trainees given consideration when the program 
was developed? (Discuss the considerations.) 
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Development (Continued): 

DOE-HDBK-1078-94 

ATTACHMENT 48 
PROGRAM EVALUATION 

(Continued) 

5. Has the program been compared with current facility procedures and other technical and 
professional references to identify training content and facility-specific information for use in 
developing training materials'? 

6. How were the suggested instructional methods or activities developed (task analysis, terminal 
performance objectives, enabling objectives, actual experience, test pilot, etc.)? 

Additional Remarks: 

On-the-Job Training (Om: 

1. Is in-facility training delivered using well-organized and current materials? (Include samples.) 

2. How are training materials kept current with respect to facility modifications and procedure 
changes? (Cite examples.) 

3. Is OJT conducted by designated personnel who are instructed in program standards and methods? 
How are they instructed? 
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ATTACHMENT 48 
PROGRAM EVALUATION 

(Continued) 

On-the-Job Training (OJT) (Continued): 

4. What are the required qualifications for in-facility evaluators? 

S. Are the above qualifications appropriate for tasks being taught or evaluated? 

6. What materials are provided for the trainee's OJT? Include samples. 

7 .. Is the trainee provided an appropriate amount of time in which to learn tasks prior to evaluation? 

8. What instructional aids are available to the trainee during the OJT process? 

Additional Remarks: 
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Simulator Training: 

DOE-HDBK-1078-94 

ATTACHMENT 48 
PROGRAM EVALUATION 

(Continued) 

1. Do simulator responses emulate those of the plant? 

2. Does the simulator hardware resemble that of the Control Room? 

3. Is the simulator configuration program effective? 

4. To what degree does a nonplant-referenced simulator respond to the trainees' actual plant? 

5. Determine if appropriate procedures, references, etc., are available and maintained current: 

a. For nonplant-referenced simulators, are actual facility procedures and references utilized and 
adapted as appropriate? 

6. Do simulator training materials provide for a proper mix of normal, abnormal, and emergency 
exercises? · 

-· -· .... - . 
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ATTACHMENT 48 
PROGRAM EVALUATION 

(Continued) 

Simulator Training (Continued): 

7. Do continuing training materials effectively incorporate facility and industry events? 

8. Does the normal Control Room complement participate in simulator training'! 

9. Does management routinely observe and evaluate simulator training'! 

10. Are effective posttraining critiques conducted? 

11. Is feedback from trainees and management solicited and used to modify or improve the quality of 
the training? 

12. Are trainee performance evaluations effectively used to enhance the training program'! 

13. Do exercises and scenarios effectively support established learning objectives? 
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ATTACHMENT 48 
PROGRAM EVALUATION 

(Continued) 

Simulator Training (Continued): 

14. Does the content of the training guides support the related classroom instruction? 

15. Determine if simulator guides, including exercises and scenarios, are based on sound operating 
principles: 

a. Do they reflect the manner of conducting business established at this plant? 

16. Are learning objectives specific to identified training needs of the plant? 

17. Are there learning objectives established for each crew position? 

18. Do exercises and instructors challenge trainees to perform to the best of their ability? 

Additional Remarks: 

Reviewed By: 

cc: File (original) 
Training Coordinator 
User Organization 

(Tnining Manager) 

(Evaluator) 
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CHAPTER H 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

PERSONNEL TRAINING 2 

Introduction 3 

This chapter describes the personnel training program for the Waste Isolation Pilot Plant (WIPP) 4 
in accordance with the requirements of the Resource Conservation and Recovery Act (RCRA) 5 
and the New Mexico Hazardous Waste Act as described in Title 20 of the New Mexico 6 
Administrative Code, Chapter 4, Part 1 (20 NMAC 4.1 ), Subpart V, §264.16, and 20 NMAC 4.1, 1 

Subpart IX, §270.14. a 

The primary objective of the WIPP facility training program is to prepare personnel to operate 9 
the WIPP facility in a safe and environmentally sound manner. To achieve this objective, the 10 
program provides employees with training relevant to their positions. Every WIPP facility 11 
employee, including those not directly involved in transuranic (TRU) mixed waste handling 12 
activities, receives an introduction to RCRA and emergency preparedness within 30 days of~13 
employment. In this way, everyone at the WIPP facility is given, at a minimum, a basic 14 
understanding of the regulatory requirements and emergency procedures. Employees in 15 
hazardous waste management positions receive additional classroom and on-the-job training 15 
designed specifically to teach them how to perform their duties safely and in conformance with 11 
regulatory requirements. Hazardous waste management personnel receive the required training 1a 
before being allowed to work unsupervised, and emergency response personnel receive 19 
appropriate training before being called upon to respond to actual emergencies. 20 

The training requirements apply to all appropriate employees of the U.S. Department of Energy 21 
(DOE), the Management and Operating Contractor (MOC), the Scientific Advisor, and contractors 22 
who regularly work at the facility that may come in contact with and/or manage hazardous waste. 23 
The WIPP Project training program is comprehensive and applies to all areas of personnel 24 
performance and development. This chapter describes the introductory and continuing training 25 
provided to personnel at the WIPP facility, with emphasis on those facility personnel and their 26 
supervisors whose jobs are such that their actions or failure to act could result in a spill or 21 

release, or the immediate threat of a spill or release of hazardous waste. These personnel are 2s 
directly involved with hazardous waste management at the WIPP facility. Their training allows 29 
them to operate the facility safely and in compliance with hazardous waste regulations. 30 

H-1 Outline of the Training Program 31 

Employee training for the purpose of hazardous waste management at the WIPP facility is the 32 
overall responsibility of the MOC General Manager, with responsibility for implementation 33 

~;1;;~~~:·:~;1~~;:1tt~~:~~~~~~;~ !t;,~rjm~waig,m~:it~i~:~(illllli1iil• :: 
H-1 01/12/96 2:01pm 
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1 riii.nms.u.:Y1mm:•.::~m1::::11:11ammi::::!!:Mnmflmnt:•:::~m1:::::11~!1mn1:::::r1rn~!!mm11:::::::::::m@•=:::rg~11~ 
2 mmln~11::&r991::::1:::11u.e;.t::P¥:•:1!rm!!nn1~~::::ocrm.m11::::1mJ!i.it::•H1!••::~11::•m1a11P!n!~P:J:1~1:::1r 
3 qif@li,pg:=J11@!:~1mmi':P.19f:@m~• Members of the training staff are assigned to Technical Training 
4 wittiiii"ttie Human Reso.urces"bepartment. The organizational structure of the Human Resources 
5 Department and its relationship to the line organizations is shown in an abbreviated 
6 organizational chart in Figure H-1. This chart also shows departments with key responsibilities 
1 for waste management and emergency response. 
8 

s The WIPP facility uses a modified version of the Porfem:iaRso Bases Tr:aiRiRg (P8T)Syl:f.imltt9 
10 !SP.tl,tiiltl:~e::::w@!!~IJ.l!Rill approach to analyze, design, develop, implement, ancf"eva"iliate 
11 training. Tr:aiRiRg Rooas are iaoRtifioa thFe1::1gh tho jeiRt o#ert ef ToshRisal Tr:aiRiRg aRa liRo 
12 maRagomoRt. Those gFe1::1ps thoR iaoRtify tho apprepriato tr:aiRiRg sottiRg, either slassFeem 
13 instr1::1stieR er eR tho jee tr:aiRiRg. 
14 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 In ··ane1lysi~~:~ J~qgft~!::~r~~nme ,ln9:.~ro~ m~n@9.~m!P.U'!~l[la99::::J1nB!!stim.9!t!•l~s 
28 Tttes~. r~quiteffi~tj~~::.@m::q!fiY~ §li:!™9YfQQJ9P99tY\:i.r!ii~:::r!!ili:•J.~!lli.::@ti::•199gm:::1111::1rns 
29 ~ilow.eq9~~ •• ±n~!!!n!!m,1!ij~ !ns:~o211,~9sg]n:~Y.m::mnn::i§w,::J1111m:mr·~m!::1:•111m:e~11;: 
30 ,.~ ~~r99t~~~t@s9!rii!n~i,!i~t!n~t.i1~81!n~2.~!mm1:e1.J!liv!!:1.:::111tn111::11~m1*:•1n1 
31 ~~$t•tt~rn*·•••••111 ft@¥•121w1m!•:m µg9a91ff~fistt:!1Hn1Rmrat::m1:::a1::ni1i11•::1r1smm!: 
32 qr,•··••if~Pkt9An~t.~;::~nm1~tft?••ID!!••r~1~1An~.qt•~mms.:::111:1.m1EJ1m1111:::11:~11111.mnt:::@m 
33 1~~~99p1~n~~9.Y:~J.!@r9!i:::!1!~mm1t~n!t~; <>r~*@mtrmD1n1;:}:1me1!m1m1mmn:•S1:m111]~r•smm1: 
34 tr~P>qcqylj; mh~'==·•m@x:::fii::mt99.sn·:~~~t9.Rm..!m§~st.~Pl~•·•:emt:mnBt.!n!li~I!m!!Pi9!!1[::191y 
35 ~t ~n>'. 89mt?1n!P:9.J:•·iti11:1r!ii:::=_:svi!li!~'~nJ§,~n~:,m1:::111.!!:::2f:11:::111::r1sli!i*::::::::9119mn 
36 u~s f~~~c;g 9~nv•e::::t:f9m,::§~~m~.:!glJf£¢~ ~9!!:imi9¥!::::1r:::1mll!si::::~liUminimU:m:&M!::::mee 
37 utUl~~~<ext~~~i!l"9Jlljg;p~·:•••W9~9•:~1~ttj ~:gg§HR!o!~l{,':mirmo!P:IIBlll!Hlltll91~1=: 
38 A. §y$t~m@~ic:ij.?em!lf::11•mt1.1n!ns-•(m@gfHP§IMli?:tnol~[~!::1.m::11u1D.1t11t::n1~111~::~11n:;• 
39 g~¥~~Pem~n~~Jm?,~m~nmt!!n; 9f !m'?~ggtts :rn4m1r••?!~!ij~::irmt:!a:•ersi!!!i!:::m2:=:1!::;!!Yii• 
40 t?Y=,i~if~na.m1i:::m!mu1~* 
41 

42 The Human Resources Department ensures that required RCRA-related training is conducted 
43 by certified instructors. On-the-job training is conducted by Level I tr:aiRorst@-gl Level I 

H-2 01111/96 4:38pm 
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trainer-s!fi!1m~: are subject matter experts, members of line organizations who have qualified 
on the related equipment and have attended the on-the-job training course. Classroom 2 

instruction is provided by Level II and Level Ill trainer-sifi!Y!i!ii- Level II trainer-stQmil9~: are 3 

members of Technical Training and line organizations who are qualified to conduct limited 4 

classroom training in their technical area of expertise. Level Ill trainer-s!fiff»lqm are members 5 

of Technical Training who are qualified to conduct classroom training, skills evaluation, and 6 

needs assessment. Level II and Ill instructors are required to attend a train-the-trainer course 1 

and periodic refresher training. 8 

Cognizant line managers provide significant input on training requirements for the WIPP facility, 9 

to certified instructors who develop the following, as required: 10 

• Classroom Instruction 11 

Objectives 12 

Lesson Plans 13 

Student Materials 14 

Examinations 15 

• On-the-Job Training 16 

Certification Cards 11 

Qualification Cards 18 

Technical training materials are approved by the Technical Training Manager and cognizant line 19 

manager. 20 

Following technical training, trainees must successfully complete::::i.!ln examinations or oral 21 

e*ami,-iajion~o999!1t:?¥ boards !!~9~ 4P.§f~pi~~IJ:t1Elni~::l@Jli!::19::@i.:ii9ti~'i:i!!l!ra 22 

to demonstrate competency ... 1"fle [1i9fd~ Qf §f!~ !!!i!l!Jifl:::@m::::!il!l!imll!i]i!iUi!l~liij 23 

These examinations are based on objectives and/or competency statements. Oral boards are 24 

based on knowledge learned in the on-the-job training process. Trainees also provide feedback 25 

on the content and quality of instruction at this time in the form of course critiques and verbal 26 

input. 21 

Technical training documentation is maintained by the Technical Training Group located at the 28 

WIPP facility. These technical training records include: 29 

• Course Attendance 
• Completed Qualification Cards 
• Off-Site Training Documentation 
• Completed Certification Cards 
• Odikb8oard sheets .·.·.·,·.·.·.:-:-:-:-:-:-:.;.;-: 
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A computer database maintains records on training qualifications, certifications, and course 
attendance. The database is used to identify course refresher and requalification dates. 
Training records on current personnel are kept in the Technical Training Group training files. 
Technical training records on former employees are kept by the Technical Training Group for at 
least three years from the date of employment termination from the WIPP facility. Training 
documentation for emergency response training received by personnel called out in the WIPP 
Contingency Plan (Chapter G) is maintained by the Technical Training Group. (fer training 
~rovided by Teshnisal Training) and by the Emergensy Servises Coordinator. 

To ensure the safe and efficient operation of the WIPP facility, certain positions require formal 
certification. Department managers identify these positions based upon safety, complexity, and 
involvement with hazardous waste handling operations. A document known as a "certification 
card" is prepared to identify required training for each designated position. In the case of 
equipment and system/procedure qualification, a document called a "qualification card" is 
prepared that specifies the required knowledge and practical skills needed in such areas as 
equipment maintenance and safety. ~1r:::g§§Ii91!B1f§filB!tll!~t9tf:))\j@fillI!ll:U~~!lt~'E!¥ 
~fflRiP~~90:M~;:::::::::!P.9J~l!91!•i•illn!91Pli9P.i•:19::::ttlli91!Bt!il!MB!ilt9!i:::p,g::::1~J.~ii:::11:::1t.tmq 

E11W:._-._._ 
¢arc1~ts••m~m~i~nl#::::1~:·:~n~::)N'!Ret1sriW; 

When the qualification card is completed, that particular qualification is recorded on the 
certification card. Successful completion of formal classroom training is documented on the 
individual's certification card. When requirements are met, both for classroom instruction and 
on-the-job training, the certification card is signed by the Department Manager certifying that the 
employee is fully competent to perform all aspects of the associated job position. Certification 
cards are included in the training records maintained by the Technical Training Group. 
Certification cards are living documents subject to change as the scope and content of training 
changes to meet new and revised regulatory requirements and modifications in job scope. 

The hazardous waste management training program described in Section H-1 b consists of a 
series of courses designed to ensure that hazardous waste management employees at the WIPP 
facility receive initial and continuing training relevant to their positions. These courses include 
instruction on the RCRA and Occupational Safety and Health Administration (OSHA) regulations, 
emergency procedures, and procedures for handling both site-generated hazardous waste and 
TRU mixed waste. Visitors, temporary personnel, and contractors are trained commensurate 
with the nature of their visit or duties. (As a minimumffiit:v~NI. this includes basic site safety 

.Y!i~it~!;·:~fJ~~;;;ii~r.§~1§~~t;·~~ili11!iilll•,11111111if.l'l~lll 
~t!'mj.1n~~~n!9::::ie¥::•::!!i!a!Yrn:::&1mmtm er:!9eW?i~r11::::a111111:11:::•n!r1t::::~1:::::~11:::::1mi:•:•11::::~~1 
µ2~J-tleo~m·:•~n!!irnmm~:::~t~:::rmm1@::~9~met1t1:·m@:::g,11;:~1m~m1:::JJ1:atrn1nm11::1112nn1:!~• 
Bc!P!m!•::Bf ~m~:m1mmsn!:)n~~n~!~n~~:•§!ttw~::[,~0J,!!t:m1nms1g•1:1: 
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Employees at the WIPP facility who are involved in hazardous waste management activities 2 

receive the same core training. A list of hazardous waste management job titles and position 3 

descriptions are provided in Appendices H1 and H2, respectively. An up-to-date list of personnel 4 

assigned to these positions is maintained by the Human Resources Department in accordance 5 

with 20 NMAC 4.1, §gfl,~q:::ll §264.16. These core training courses are described briefly in 6 

Section H-1 (b)(1) and outlines are included in Appendix H3. Any changes to the training plan 1 

that decreases the type or amount of training that is given to employees will be handled as a 8 

Class 2 modification, as specified in 20 NMAC 4.1, ~§Rlfi!l:::tl!i §270.42, Appendix I. Other 9 

changes to the training plan will be handled as Class 1 modifications. In accordance with 10 

20 NMAC 4.1, Subpart V, §264.16(d)(2), the job descriptions include hazardous and TRU mixed 11 

waste management job duties, required skills, qualifications, and experience, as well as 12 

educational requirements. These job descriptions are approved by the cognizant staff managers. 13 

Included in the appendices are management and supervisory positions that are considered to 14 

be critical from the standpoint of hazardous waste management or emergency response. These 15 

include the following positions: 16 

• Facility Shift Manager;!::]ij,i~~i:::Bii1Mni 
Manager, Mazarelo1:1s 'IVaste 

• Manager, Facility Operations 
• Supervisor, Hoisting Operations 
• Manager, Operational Health Physics§~~~!jpg::l§!B 
• Manager, Waste Manelling Operations 
• Manager, Quality Assessment and Inspection Services 

• •· OJ>gr~9n~tMiina§~rilM~IPt~n~n9§ E1P~t!l.nl 
• Manager, Maintenance Operations 

• M~tj~~t;':!M~~tenanc~ ~on<••·Control 
• Supervisor, Maintenance Operations 
• Manager, Environmental Monitoring 
• Manager, Technical Training 

H-1b Training Content. Frequency. and Techniques 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

The WIPP training program includes a comprehensive combination of classroom training courses 31 

and on-the-job training. Each training course is carefully developed and periodically reevaluated 32 

to ensure relevancy to the course objectives and to ensure its support of the goal of safe and 33 

environmentally sound operations at the WIPP facility. On-the-job training is accomplished and 34 

documented through the use of certification and qualification cards. Before an employee is 35 

considered qualified to operate certain equipment, the person must pass a prescribed set of 36 

performance standards to the satisfaction of a Level I instructor (s1:19jest mat-ter expert). 37 
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H-1 b(1) Training Content 

3 WIPP facility employees who will be on site longer than 30 days, including personnel in 
4 management and supervisory positions and personnel not directly involved with hazardous waste 
5 management, receive facility-specific training in the following areas: 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

• General Employee Training (GET) Overview (procedures and policies) 
• WIPP Facility Description 
• Radiation Safety 
• Emergency Preparedness (including RCRA Contingency Plan implementation) 
• Security 
• Fire Protection 
• Quality Assurance 
• Occurrence Reporting 
• Industrial Safety 
• RCRA/OSl=IA Overview. 

18 This training is provided in GET-~1:1~~~. conducted by m@ WIPP certified facility instructors, 
19 and must be completed within 30 days of employment. E#esti•,te January 16, 1QQ1, Initial 
20 General Employee Training was eKpanded to inch,1de the RCRAtOSl=IA OvervieiN modblle. 
21 Personnel working at the 'NIPP facility prior to JanYary 22, 1 QQ1, 'NeFe Fe"'bliFed to take the 
22 RC RA/OSHA overview training as a separate coYrse, RCRAlQSHA Overview (REP 1 Q?). 
23 

24 Annual refresher training on the topics taught in GET-~1:!1 is given in the General Employee 
2s Training Annual Refresher (GET-~1!1ffl). This self-paced module provides employees with 
26 a review and update of the topics covered in GET-~H~I· 
27 

28 WIPP employees involved in managing site-generated, nonradioactive waste, or TRU mixed 
29 waste will receive the Hazardous Waste Worker course (HWW-101 ). This comprehensive course 
30 will provide job specific training required to safely receive, transfer, or handle waste at the WIPP 
31 facility. Review and update of HWW-101 topics is provided annually in the Hazardous Waste 
32 Worker refresher course (HWW-102). 
33 

34 Course outlines for GET-~l9X, GET-~19)(.A, HWW-101, and HWW-102 are provided in 
35 Appendix H3. 
36 

37 H-1 b(2) Training Frequency 
38 

39 

40 

41 
42 

Hazardous waste management courses are offered at a frequency that ensures new hires or 
transfers can receive relevant training within six months of assuming their new position. 
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Employees do not work unsupervised in hazardous waste management positions until they have 1 

completed the required initial training. The Human Resources Department notifies the cognizant 2 

manager and training staff when any employee is transferred into or out of a position associated 3 

with hazardous waste management. 4 

H-1 b(3) Training Techniques 5 

A variety of instructional techniques are used at the WIPP facility depending on the subject 6 

matter and the techniques that best suit the learning objectives. Many courses include a 7 

combination of lectures, demonstrations, visual aids (such as video tapes, slides, and 8 

viewgraphs), and exercises. Most equipment operation courses include hands-on practical 9 

instruction. 10 

Written examinations are used as a technique to test the knowledge level of individuals 11 

participating in classroom training courses. The length and content of each exam varies 12 

according to its objective. Calculation, multiple-choice, and fill-in-the-blank qi.Jestionsgr=~::e~n!r 13 

~Pl?r§~t;t f9mli§ may be used. If individuals fail a written examination, they must be 14 

reexamined in identified areas of weakness. Personnel filling positions requiring qualification or 15 

certification cards to perform job functions will be requalified at least biennially in those specific 16 

areas. 17 

On-the-job training at the WIPP facility follows a prescribed set of standards specific to the job 18 

to be performed. Typically, to become qualified to operate a piece of equipment or system, 19 

employees must be able to demonstrate the location and purpose of specified controls and 20 

gages, describe proper startup and shutdown procedures, desi:ribe specific safety features and 21 

limitations of the equipment, and perform maintenance functions. They must also demonstrate 22 

the ability to operate the equipment or system. On-the-job training may also be function specific, 23 

such as performing a specific administrative function that is regulated. 24 

In addition to on-the-job training, some positions/systems require the trainee to attend an oral 25 

board. The oral board is usually given upon completion of on-the-job training and prior to 26 

operating any equipment. In the oral board, the trainee is quizzed on knowledge learned in on- 27 

the-job training. The purpose of the oral board is to determine if the trainee fully understands 28 

and can apply the knowledge learned in the training process. 29 

H-1c Training Manager 30 

The Technical Training Manager directs the training program and is responsible for establishing 31 

technical training requirements in cooperation with the line managers. Specifically, this includes 32 

analysis, design, development, implementation, and evaluation of technical training. The 33 

Technical Training Manager is required to be trained in hazardous waste management 34 

procedures and to receive train-the-trainer and instructor training. The Technical Training 35 
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Manager is also required to be knowledgeable of the applicable regulations, orders, aREl 
2 guidelines;: and the specific training process employed at the WIPP facility. 
3 

4 The name and qualifications of the current Technical Training Manager are documented at the 
5 WIPP facility. 
6 

1 H-1d Relevance of Training to Job Position 
8 

s The WIPP facility training program provides employees)jljJ§isH:l§!irl!!Jil!!ii with training 
1 o relevant to their positions.:::::::1:::ma111'::m11:::11,a11:::a§lml8Ittl~l]fia!i!:::~tlmmi:•::m!i,il:::t9 
11 tm!!t!!M1:]11m:::m!nii.mn11:::sM!mr11m11a11Mn1::::11::j,agg~~t:111111,191rmj't•::::rn11:::!1.§m 
12 @!!gj)j)jljpfl::::•~Qi,)]pjif.jjj]j!!i@!Jlm@fli!ti)j)ji{jjimJ!if:Jjj•::p~l!U~ The SAT process mentioned in 
13 Section H-1 is a systematic method for determining the proper training for each hazardous waste 
14 management position. It compels managers and training staff to look critically at each position 
15 and to determine the necessary training program for each employee to fully develop their 
15 necessary expertise. 
17 

18 Several training courses are determined to be so basic to the WIPP Project mission that they are 
19 considered relevant for all WIPP facility employees. The basic philosophy at the WIPP facility 
20 is that, as a RCRA-regulated facility, employees must understand the basic regulatory 
21 requirements under which the WIPP facility must operate. Therefore, all WIPP facility employees 
22 receive an introduction to RCRA during their introductory training. 
23 

24 Beyond these core courses, training is designed and implemented relevant to the specific job 
25 functions being performed. For example, employees who operate key pieces of equipment (such 
26 as forklifts, hoists, etc.) must be trained to operate and inspect equipment and to recognize 
21 maintenance problems before a specific job function is performed. These employees must 
2s receive on-the-job training and demonstrate the ability to operate the equipment, as appropriate, 
29 before being certified. This process is controlled and documented by the certification/ 
30 qualification process described in Section H-1. Dessriptiens ef tFaining seuFSes aFe en file in the 
31 Human Reseumes Develepment Sestien. A ¢9iijf1=~lt::::~!!lli•j:§!:jjllililiil!i!lllll9!1!Et1Pl 
32 cartts; ~19ii9 ~~h:si!l~P9~ §~·~f~rofi't9 coo~$~ ~m;::1?:m'l'!!@:::@~:::~rni::at1Et'll§!l!n'.i:If§H:mllf.1::::9f 
33 gµanfi~a~i?!i••@@rt11:::1ri:::'inmtJ.¢f~g:io•1J?~lidixffl?J 
34 

35 Supervisors who have direct responsibility for supervising hazardous waste management 
36 personnel receive hazardous waste management training relevant to their positions. f:h~i 

37 tr~ln"iti-9 ~" m9.JYi:1!:1•1~11 !n9 ~,r~~~bibf?sWr•1::1m;,:::m11111::::r1111ttu111::11[•!ml!exi~i: 
38 ~nq:•·~··:·ffl~;1mP:9!::::m11::•g911r:::•19.~rv!!9f,:,.9§91.1::::mm~:11:::::111::i1:::m1n1MD1t:t:P1:1;: 
39 ~n@~?~~!en~ ~rn~4Hl!!mt'mir:•:@B:'mD w~111:::•'111:•J1::1Itt:!lir:::m1111:n.::::11u1111:::!11m 
40 ir!',:n1rm~mm:::::~9:•:::!!:::::1iitm::•:11::::~1l!!lr···fl~i~mf::::::::::t11111:::::mm:::::n11111em1:::::!!HBl!Bl!n 
41 lii!hmi::::§e~ Managers who do not have direct hazardous waste management supervisory 
42 responsibilities receive training sufficient to ensure their awareness of hazardous waste 
43 management requirements and procedures; however, they do not perform hazardous waste 
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management duties and their positions are not included in the appendices. As is the case with 1 

all WIPP facility employees, all managers receive RCRNQSMA overview training !D:\:9§1!:::~:!~- 2 

Security personnel are an important element of the safe and secure operations at the WIPP 3 

facility; however, they do not perform hazardous waste management functions during normal 4 

operations at the WIPP facility. Security personnel who serve as members of a Fire §gpppq 5 

fil!!iBrigase (see Section H-1e) receive emergency response training required ofthatteam . ..aRG 6 

are inch,:1ses in Table H 1. 7 

H-1e Training for Emergency Response 8 

The WIPP facility training program ensures that personnel are able to respond appropriately and 9 

effectively to emergency situations. WIPP facility employees receive GET-~1!1· which 10 

includes instruction on hazard awareness, emergency preparedness, spill control, and the WIPP 11 

RCRA Contingency Plan (Chapter G of this permit application). This training ensures that every 12 

employee understands how to recognize real or potential emergencies and how to report such 13 

incidents to the proper WIPP facility officials. It also ensures that employees will not endanger 14 

themselves or others by taking actions beyond their ability. Emergency-response personnel 15 

receive more extensive training in emergency-response procedures as described in the next 16 

paragraph. 17 

The WI PP facility emergency-response organization is capable of providing emergency-response 18 

services both aboveground and below ground. The Emergency Response Team (§ID under 19 

the supervision of the Emergency Services Technician has primary responsibility for 20 

aboveground emergency-response activities, and the First Line Initial Response Team (ffl§!ill"\ 21 

and the Mine Rescue Team (Ml~) are responsible for underground emergency-nisJ:>"onse 22 

activities. The responsibilities of these units are described in the WIPP RCRA Contingency Plan, 23 

Chapter G, of this permit application. Members of these teams are sec1o1Fity peFSennel ans 24 

volunteers from the WIPP organization. They receive thorough emergency response training 25 

before they are called upon to perform in real emergencies. This training includes firefighting 26 

elements, such as fire behavior, ladders, fire hose, fire streams, and ventilation. FLIRT includes 27 

cl.J~rifqualffi~tjgg:::!t.m::g~~cg~·~jidergi"pµr'i(f ~~40 he1o1r miner training, National Fire 28 

Protection Association (NFPA) 600 Industrial Fire Brigades requirements, and additional 29 

qualifications pertaining to the team. MRT training includes 99fim:::ggj§fili~n::~r:::9n!!im!~ 30 

HP9fi!f9r§H'i9~#9!,!,f,40 he1o1r miner training, at least one year of underground work, Mine Safety 31 

and Health Administration (MSHA) requirements for medical and mine rescue, and additional 32 

qualifications pertaining to the team. ERT training includes NFPA 600 Industrial Fire Brigade 33 

requirements, and additional training pertaining to the team. In addition, all teams receive 34 

lifesaving elements, such as rescue, cardiopulmonary resuscitation and first aid, and other 35 

specific elements, such as self-contained breathing apparatus ans hazar9e1o1s materials. 36 

~!~n!t1iliE!iti:::11:::~n!!l:::M11?m!:,:@1::,:1a911u1E1at11]11~::::::::m11:::mm1::::111m1:::~~1 37 

minlm9m::::111,1111.::::rii1~1~utir::=1ml!n![:~il~n1::::1n:::~~-=::::1agr1;: 38 
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Because these response teams are used for unusual occurrences and not routine hazardous 
2 waste handling, a RCRA position title is not included. m:::::p;;y:[g!pnl!@IJj!:=::!ii:::::j~g!!!@jj::jJg 
3 IYifili!!!l]l!il~@!tiBi1i9l:gi,ii!il)§f:~Ji!!flli)P§l!i§lil Training records for these individuals are 
4 maintained in each individual's training file in the Technical Training Section located at the WIPP 
5 site. Table l=4 1 lists eR=ieFgensy F8spense tFaining F8qbliF8R=ients tl:iat R=lblSt be R=iet by \'VIPP 
6 eR=ieFgensy F8Spense peFSennel pFieF te F8Speneting te a t:iai:aFeiebls R=iateFial eR=ieFgensy. These 
1 training requirements must be met in addition to those required for each individual's WIPP job 
8 title. 
9 

1 o Hazardous waste handling and emergency-response personnel receive training that ensures their 
11 familiarity with emergency procedures, emergency equipment, and emergency systems including: 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

• Procedures for using, inspecting, repairing, and replacing facility emergency and 
monitoring equipment 

• Communications and alarm systems 

• Response to fires or explosions 

• Shutdown of operations. 

22 Course outlines for emergency response training courses are provided in Appendix H3. 
23 

24 The RCRA Emergency Coordinator is selected based on his/her familiarity with the operation of 
25 the facility. He/she receives training relevant to the RCRA Contingency Plan and must be 
26 familiar with the contents of the RCRA Contingency Plan prior to serving as RCRA Emergency 
21 Coordinator. Documentation of this training is maintained in the RCRA Emergency Coordinator's 

28 training file. AtJ~t'i9w@9~"~:qµ~~g·m~~iY~ ~~1@g§milmi1:::;991;i,~111::::1m:::1s.m11:~19 
29 complete ~Ff~gf Office wardens receive Office Warden Training {$.lff:ml}: and are required 

30 to take an annual .. refresher.flrl. 'gq~~fj. th~~~tj~qa::::r!iiilmim~!:::::1:::11::::111::::ml!llr:::@ri: 
31 inctudea•"1tr~~n9~1=:m~~::rnrn§•Q~B 9~ta~cif:t$Ji~'~nt111111r::1,::11:::11::1a11111::::111111~ 
32 retated posi~dtiill 
33 

34 As there are no automatic waste feed systems at the WIPP facility, training on parameters for 
35 waste feed cut-off systems is not required. Similarly, as there is no potential for groundwater 
36 contamination incidents at the WIPP facility, training for responding to such incidents is not 
37 required. 
38 

39 H-2 Implementation of Training Program 
40 

41 The WIPP facility training program has been implemented to ensure that hazardous waste 
42 management and emergency response personnel employed at the WIPP facility receive the 

43 training indicated in Table M 1 anetleF Appenetix M 2Wl!!m~::::1m:=::g!m!il!~Rl.~l!l!@~lmi· 
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Personnel are trained on the RCRA Contingency Plan through their basic training. ReseRtly 1 

hiFee e~~leyees aRe Ne4:::::mr~~t:!m?!el~i~~ receive the indicated training within six 2 

months of their date of hire or their transfer to a new position. Personnel do not work in 3 

unsupervised positions until they successfully complete the indicated training requirements. 4 

Hazardous waste management personnel attend annual refresher courses that review the initial 5 

training received. 6 

Records relating to the WIPP facility-training program for hazardous waste management and 1 

emergency-response personnel are maintained by the WIPP Technical Training Group located s 
at the WIPP facility. These records include a roster of employees in hazardous waste g 

management positions; a list of courses required for each position; course descriptions; 10 

documentation thatfip@g each employee has received and completed appropriate training; and 11 

all of the backup information regarding certification, qualification, and examination. Training 12 

records of current personnel are kept by the Technical Training Group until closure of the WIPP 13 

facility. Records of former employees are kept by the Technical Training Group for at least three 14 

years from the date the employee last worked at the facility. 15 
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ASSOCIATE STAFF ASSISTANT-FACILITY OPERATIONS 
WASTE HANDLING TECHNICIAN-WASTE OPERATIONS 
WASTE HANDLING ASSISTANT-WASTE OPERATIONS 
WASTE HANDLING SPECIALIST -WASTE OPERATIONS 
SENIOR WASTE HANDLING SPECIALIST-WASTE OPERATIONS 
SENIOR OPERATIONS ENGINEER B-WASTE OPERATIONS 
SENIOR ENGINEER 8-WASTE OPERATIONS 
OPERATIONS ENGINEER-WASTE OPERATIONS 
ASSOCIATE OPERATIONS ENGINEER-WASTE OPERATIONS 
(TRANSURANIC HA2ARDOUS WASTE) 
ASSOCIATE OPERATIONS ENGINEER-WASTE OPERATIONS 
SENIOR ENGINEER B (TRANSURANIC HAZARDOUS WASTE)-WASTE OPERATIONS 
MANAGER-WASTE OPERATIONS 
HEALTH PHYSICS TECHNICIAN-OPERATIONAL HEALTH PHYSICS 
HEALTH PHYSICS SPECIALIST-RADIOLOGICAL ENGINEERING 
SENIOR HEALTH PHYSICS SPECIALIST-OPERATIONAL HEALTH PHYSICS 
ENGINEER-RADIOLOGICAL ENGINEERING 
SENIOR ENGINEER-RADIOLOGICAL ENGINEERING 
SENIOR ENGINEER B-RADIOLOGICAL ENGINEERING 
MANAGER-RADIATION CONTROL 
QUALITY ASSURANCE TECHNICIAN-INSPECTION SERVICES 
SENIOR QUALITY ASSURANCE TECHNICIAN-INSPECTION SERVlCES 
QUALITY ASSURANCE SPECIALIST-INSPECTION SERVICES 
MANAGER-QUALITY ASSESSMENT AND INSPECTION SERVICES 
EMERGENCY SERVICES TECHNICIAN-EMERGENCY MANAGEMENT 
SENIOR ENGINEER-HAZARDOUS WASTE 
UTILITY TECHNICIAN-MAINTENANCE OPERATIONS 
MAINTENANCE TECHNICIAN-MAINTENANCE OPERATIONS 
TECHNICAL COORDINATOR-MAINTENANCE OPERATIONS 
SUPERVlSOR-MAINTENANCE OPERATIONS 
MAINTENANCE SPECIALIST-MAINTENANCE OPERATIONS 

35 SENIOR MAINTENANCE SPECIALIST-MAINTENANCE OPERATIONS 
36 SENIOR MAINTENANCE SUPERVISOR-MAINTENANCE OPERATIONS 
37 SENIOR ENGINEER-MAINTENANCE OPERATIONS 
38 MANAGER-MAINTENANCE OPERATIONS 
39 OPERATIONAL MANAGER-MAINTENANCE OPERATIONS 
40 MANAGER-MAINTENANCE OPERATIONS WORK CONTROL 
41 SCIENTIST-ENVIRONMENTAL MONITORING 
42 ASSOCIATE SCIENTIST-ENVIRONMENTAL MONITORING 
43 ASSISTANT ENGINEER-ENVIRONMENTAL MONITORING 
44 SAFETY SPECIALIST-ENVIRONMENTAL MONITORING 
45 MANAGER-ENVIRONMENTAL MONITORING 
46 STAFF ASSISTANT-ENVIRONMENTAL MONITORING 
47 SENIOR TRAINING COORDINATOR-TECHNICAL TRAINING 
48 MANAGER-TECHNICAL TRAINING 
49 TRAINING COORDINATOR-TECHNICAL TRAINING 
50 HAZARDOUS MATERIALS ASSISTANT-HAZARDOUS WASTE AND SELF ASSESSMENT 
51 HAZARDOUS MATERIALS TECHNICIAN-HAZARDOUS WASTE AND SELF ASSESSMENT 
52 SENIOR HAZARDOUS MATERIALS TECHNICIAN-HAZARDOUS WASTE AND SELF ASSESSMENT 
53 SENIOR ENGINEER-HOISTING OPERATIONS 
54 HOIST OPERATIONS SPECIALIST-HOISTING OPERATIONS 
55 SHAFT TENDER-HOISTING OPERATIONS 
56 SENIOR SHAFT TENDER-HOISTING OPERATIONS 
57 SUPERVISOR-HOISTING OPERATIONS 
58 SENIOR OPERATIONS ENGINEER-TRANSPORTATION AND HAZARDOUS MATERIALS HANDLING 
59 ASSOCIATE OPERATIONS ENGINEER-TRANSPORTATION AND HAZARDOUS MATERIALS HANDLING 
60 SCIENTIST-ENVIRONMENTAL COMPLIANCE AND SUPPORT 
61 ASSOCIATE ENGINEER-ENVIRONMENTAL COMPLIANCE AND SUPPORT 
62 SENIOR ENGINEER-ENVIRONMENTAL COMPLIANCE AND SUPPORT 
63 SENIOR ENGINEER B-ENVIRONMENTAL COMPLIANCE AND SUPPORT 
64 ASSOCIATE SCIENTIST-ENVIRONMENTAL COMPLIANCE AND SUPPORT 
65 ENGINEERING TECHNICIAN-ENVIRONMENTAL COMPLIANCE AND SUPPORT 



APPENDIX H1 

LIST OF HAZARDOUS WASTE MANAGEMENT JOB TITLES 
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WIPP RCRA Part 8 Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

APPENDIX H1 
LIST OF HAZARDOUS WASTE MANAGEMENT JOB TITLES 

RCRA Position Title I 
Senior Operations Engineer B-Facility Operations 

Senior Engineer-Facility Operations 

Shift Manager-Facility Operations 

Manager-Facility Operations 

Associate Staff Assistant-Facility Operations 

Waste Handling Technician-Waste HamUiag Operations 

Waste Handling Assistant-Waste UaHEIH:eg Operations 

Waste Handling Specialist-Waste Haealiag Operations 

Senior Waste Handling Specialist-Waste Haealiag Operations 

Senior Operations Engineer B-Waste HaHElliag Operations 

Senior Engineer B-Waste Haealieg Operations 

Operations Engineer-Waste Haealieg Operations 

Associate Operations Engineer-Waste Haealieg Operations 
(Transuranic Hazardous Waste) 

Associate Operations Engineer-Waste Haealiag Operations 

Senior Engineer B (Transuranic Hazardous Waste)-Waste Haealieg Operations 

Manager-Waste Haealieg Operations 

Health Physics Technician Q13efatieeal Health Physies~9,~j§pjj:5~~ 

Health Physics Specialist-Radiological Engineering 

Senior Health Physics Specialist Q13efatieeal Health ~·siesflli~~!#:::~f91t~~. 

Engineer-Radiological Engineering 

Senior Engineer-Radiological Engineering 

Senior Engineer B-Radiological Engineering 

Manager Q13efatieeal Health Physies~f:~i~l:l§ifql, 
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APPENDIX H1 (CONTINUED) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

LIST OF HAZARDOUS WASTE MANAGEMENT JOB TITLES 

RCRA Position Title I 
Quality Assurance Technician-Inspection Services 

Senior Quality Assurance Technician-Inspection Services 

Quality Assurance Specialist-Inspection Services 

Manager-Quality Assessment and Inspection Services 

Emergency Services Technician-Safety and Plant Protection 

Emergency Services Coordinator-Safety and Plant Protection 

Manager-Hazardous Waste 

Senior Engineer-Hazardous Waste 

Utility Technician-Maintenance Operations 

Maintenance Technician-Maintenance Operations 

Technical Coordinator-Maintenance Operations 

Supervisor-Maintenance Operations 

Maintenance Specialist-Maintenance Operations 

Senior Maintenance Specialist-Maintenance Operations 

Senior Maintenance Supervisor-Maintenance Operations 

Senior Engineer-Maintenance Operations 

Manager-Maintenance Operations 

Operational Manager-Maintenance Operations 

Manager-Maintenance Operations Work Control 

Scientist-Environmental Monitoring 

Associate Scientist-Environmental Monitoring 

Assistant Engineer-Environmental Monitoring 

Safety Specialist-Environmental Monitoring 

Manager-Environmental Monitoring 

Staff Assistant-Environmental Monitoring 

H1-2 01/12/96 8:47am 
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WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 

Revision 5.2 

APPENDIX H1 (CONTINUED) 
LIST OF HAZARDOUS WASTE MANAGEMENT JOB TITLES 

RCRA Position Title I 
Senior Training Coordinator-Technical Training 

Manager-Technical Training 

Training Coordinator-Technical Training 

Hazardous Materials Assistant-Hazardous Waste and Self Assessment 

Hazardous Materials Technician-Hazardous Waste and Self Assessment 

Senior Hazardous Materials Technician-Hazardous Waste and Self Assessment 

Senior Engineer-Hoisting Operations 

Hoist Operations Specialist-Hoisting Operations 

Shaft Tender-Hoisting Operations 

Senior Shaft Tender-Hoisting Operations 

~#llfi!J~9f:::::::::l9~tn!i ~~~91 
Senior Operations Engineer-Transportation and Hazardous Materials Handling 

Associate Operations Engineer-Transportation and Hazardous Materials Handling 

Scientist-Environmental Compliance and Support 

Associate Engineer-Environmental Compliance and Support 

Senior Engineer-Environmental Compliance and Support 

Senior Engineer B-Environmental Compliance and Support 

Associate Scientist-Environmental Compliance and Support 

Engineering Technician-Environmental Compliance and Support 

SeRief Seiemist B eR¥if0RHU!Rtal ARalysis aRa Ge~liaRee 
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WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Senior Operations Engineer B 
Facility Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Notifies emergency response personnel and on-call facility manager during e 
emergency occurrences underground. 7 

Required Skills, Experience, and Qualifications: a 

Five years of relative experience, or equivalent. s 

Must possess and maintain required certifications. 1 o 

Required Education: 11 

B.S. degree in technical field, or equivalent, with five years of related experience, or 12 

equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

and H-1 b(1 ). 1e 

Additi§fi~U99§~¢ific tiaiqtrjgwm be requfr'~g it!:i•Plint::~iiimi!i:'::::m@:!IPi!i!!P:I 17 

amouiif. p~ '9q~µ9~a1 traiHing··.may be··deterlniii!''lriiit!:::::riiim::::§f=::jgp:::,~glli,!il!~~ 1 s 
tr~itjigg ffigrg~ 1 s 
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WIPP RCRA Part B Permit Application 
DOElllVIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Senior Engineer 
Facility Operations 6 

7 

s Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

Qualified to assume the duties of the Shift Manager, Facilities Operations, in his/her 
absence. 

Notifies emergency response personnel and on-call facility manager during 
emergency occurrences. 

15 Required Skills, Experience, and Qualifications: 
17 

18 

19 

20 

21 

Five years of relative experience, or equivalent. 

Must possess and maintain required certifications. 

22 Required Education: 
23 

24 

25 

B.S. technical degree, or equivalent. 

26 Training Type/Amount: 
27 

28 

29 

30 

31 

32 

33 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 

Add~i()tj!~'jp§~pij¢ific training will be reqlltreq!§UiffilmPMJ.::t119nnmm::::n:::n!W!.~1'9 
arrit)tjji~ pf ~~~ftipnal training may be detefii.rM~iJfi!Ps.n::::mvi~wrm:::m§:::J.m!ll!!ri~~ 
trai!)itjg {!9§rg; 
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WIPP RCRA Part B Pennit Application 
DOE/WIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Shift Manager 
Facility Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Serves as Resource Conservation and Recovery Act (RCRA) Emergency Coordinator. 6 

Notifies emergency response personnel and on-call facility manager during 1 

emergency occurrences. a 

Required Skills, Experience, and Qualifications: 9 

Eight years of nuclear plant experience, or equivalent. 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

Academic or vocational high school (mechanical/electrical) graduate, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

andH-1b(1). 16 

Addittqtj~~jg~ ~Jipific trairi~pQ will be requitl~q §}f !iii,mM:fit::i.iEBiil,i::::Bilii.ii!@gg 11 
amoul'l~ §~ ~g9m9f1at trainil"ls may be determ!tlei:iltf:IUl::::rt:¥!B!i!ef!J.em:::!nlYlliD~! 1 a 
trarnijg t~gq~t.s. 19 
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WIPP RCRA Part B Pennit Application 
DOEJWIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Manager 
6 Facility Operations 
7 

a Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

Evaluates all emergency incidents for potential threat to human health and the 
environment. 

Contacts the U.S. Department of Energy (DOE) Field Representative and §Ill! 
Emergency Response Coordinator during emergencies. 

15 Required Skills. Experience, and Qualifications: 
17 

18 

19 

20 

21 

Seven years of experience in nuclear plant operations, or equivalent. 

Must possess and maintain required certifications. 

22 Required Education: 
23 

24 B.S. degree in a technical discipline, or equivalent, plus ten years of nuclear plant 
2s operations experience. 
26 

21 Training Type/Amount: 
28 

29 

30 

31 

32 

33 

34 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 

Additt9o~~il?P~?~cmc•tta~o;o9•·wi11 .. p~·iffe9µ1•:Qt1Jaqµ11m::aminni!*::::::g1,::1111::1n1 
~rn24m·P.1·:~gl~gryij~ trij~pl~9. may fSfj <J~t~tm!tl~::!bt991.ai:::t,t,1!Bi:i9fi:l!:]!li1Rnl 
tr~roins r~99t9.~ 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Associate Staff Assistant 3 

Facility Operations 4 

Hazardous Waste Management Duties: 5 

Directs and oversees packaging of site-generated hazardous waste and hazardous s 
waste samples. 7 

Prepares waste containers for off-site shipment (site-generated hazardous waste). a 

Assists engineers. s 

Required Skills, Experience, and Qualifications: 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

B.S. in business or liberal arts, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

and H-1 b(1 ). 16 

Adqijjqrj@t!jpp §pticlfic training will be requi~q!:!§UitlYIP:inf::jil§qrn~!@:Ui!!~ll,@-]il,f:j@ 11 

~Qidqp~ 9f.,g~onal training may be detetm!Ml::::mm9.9b::::l!!IW!!]lll§!::J.11Plil!i~I 1 a 
trai1)r19 ~9§rft. 1s 
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3 

4 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Waste Handling Technician 
Waste Handling Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Transports shipping containers from carriers to the Waste Handling Building. 

Unpacks all shipping containers received. 

Performs routine decontamination of shipping casks, containers, and waste handling 
equipment. 

Conducts routine inspections of waste handling equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal-emplacement machinery to receive, handle, and emplace transuranic 
(TRU) waste. 

Overpacks site-generated TRU waste (if any) and moves to storage. 

2s Required Skills, Experience, and Qualifications: 
27 

28 

29 

30 

Two years college-level technical study with courses in nuclear waste management 
and health physics, or equivalent. 

31 Must satisfactorily complete required remote handled and/er contact-handled::~nl9r 
32 remot~,ffl.';!~p certifications, as assigned, within twelve months of placement into 
33 position and maintain certification thereafter. 
34 

35 Required Education: 
36 

37 

38 

39 

40 

Academic or vocational high school graduate with courses in algebra and physics or 
chemistry, or equivalent, plus two years of college-level technical study with courses 
in nuclear waste management and health physics, or equivalent. 

H2-6 01112/96 8:57am 



Waste Handling Technician (Continued) 

WIPP RCRA Part B Pennit Application 
DOE/WIPP 91-005 

Revision 5.2 

Training Type/Amount: 2 

Hazardous waste management personnel receive the core training discussed in H-1 a 3 

and H-1 b(1 ). 4 

11111n1~m;m::!P~:ft!~m21::m1!::9@::m11m:::11::1n9Ymm::Pimenni!f: ,1J~::=1e~imfi s 
IBB8~u~1!i111r:~11n~~1::::•1::::a:::e11i11B1:::m111.1::::mi&:::1~::m9::ini~Wm~n~~ 6 

~!lm!js::::r~Pltt.i:: 7 
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3 

4 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Waste Handling Assistant 
Waste Handling Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Transports shipping containers from carriers to the Waste Handling Building. 

Unpacks all shipping containers received. 

Performs routine decontamination of shipping casks, containers, and waste handling 
equipment. 

Conducts routine inspections of waste handling equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal-emplacement machinery to receive, handle, and emplace transuranic 
(TRU) waste. 

Overpacks site-generated TRU waste (if any) and moves to storage. 

26 Required Skills, Experience, and Qualifications: 
27 

28 

29 

30 

31 

Must satisfactorily complete required remote-handled and/or contact-handled 
certifications, as assigned, within twelve months of placement into position and 
maintain certification thereafter. 

32 Required Education: 
33 

34 

35 

36 

37 

38 

Academic or vocational high school graduate, with courses in algebra and physics or 
chemistry, or equivalent, plus one year of college technical study, with courses in 
nuclear waste management and health physics, or equivalent. 

H2-8 01112196 8:57am 



Waste Handling Assistant (Continued) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

Training Type/Amount: 2 

Hazardous waste management personnel receive the core training discussed in H-1 a 3 

and H-1b(1). 4 

ml!!!iniU~mtia;m:!!~n~na::ti!~::p,!::1191m:::1uniiiim1t:J1!'.i9mn!rn:=wn~:::1i!.'!n? s 
@11P:1t:::11:::1111,1m1:::~11mim~umi::::aM~1111n1::::m1w.1::::r1¥!!itet::121::=io9Yrn~D:~~ s 
~11ms.::=:r1~mi:: 7 
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4 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Waste Handling Specialist 
Waste Handling Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Transports shipping containers from carriers to the Waste Handling Building. 

Unpacks all shipping containers received. 

Performs routine decontamination of shipping casks, containers, and waste handling 
equipment. 

Conducts routine inspections of waste handling equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal-emplacement machinery to receive, handle, and emplace transuranic 
(TRU) waste. 

Overpacks site-generated TRU waste (if any) and moves waste to storage. 

Participates in waste handling equipment certification program. 

Performs routine decontaminations. 

Performs all operations to receive, handle, and emplace contact-handled and remote
handled TRU waste. 

33 Required Skills, Experience, and Qualifications: 
34 

35 Four years of waste handling experience, including one year as a certified Senior 
36 Waste Handling Technician. 
37 

38 

39 

Must possess and maintain required certifications. 

H2-10 01/12196 8:57am 



Waste Handling Specialist (Continued) 

WIPP RCRA Part B Permit Application 
DOE..WIPP 91-005 

Revision 5.2 

Required Education: 2 

Academic or vocational high school graduate, with courses in algebra and physics or 3 

chemistry, or equivalent, plus two years of college-level technical study with courses 4 

in nuclear waste management and health physics, or equivalent. 5 

Training Type/Amount: 6 

Hazardous waste management personnel receive the core training discussed in H-1 a 7 

and H-1 b(1 ). a 

~111rRn~UJ.9:e::§P~s:mn~ns.::~1m?:!::rue1tf9:::1ut1Hiiint::11mnm!rn::::l9!::1e!::1n9 9 

@m9Y.m:::11:::1?~9niJ. ~r1mms:::m!1:n1.t:::e1t!m!n!!MJrm!P:stt,:::liv!~w:::gt:11mP:mnm1mt1nt! 1 o 
it•mms::::l111:1:;: 11 
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3 

4 

WIPP RCRA Part B Pennit Application 
DOEMllPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Senior Waste Handling Specialist 
Waste Handling Operations 6 

7 

s Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Transports shipping containers from carriers to the Waste Handling Building. 

Unpacks all shipping containers received. 

Performs routine decontamination of shipping casks, containers, and waste handling 
equipment. 

Conducts routine inspections of waste handling equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal emplacement machinery to receive, handle, and emplace transuranic (TRU) 
waste. 

Overpacks site-generated TRU waste (if any) and moves waste to storage. 

Participates in waste handling equipment certification program. 

Performs routine decontaminations. 

Performs all operations to receive, handle, and emplace TRU waste. 

Directs waste handling work crews in waste handling operations. 

34 Required Skills, Experience, and Qualifications: 
35 

36 

37 

38 

39 

Six years of waste handling experience, including two years as a Certified Waste 
Handling Specialist, or equivalent. 

Must possess and maintain required certifications. 
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Senior Waste Handling Specialist (Continued) 

WIPP RCRA Part B Permit Application 
OOE.IWIPP 91-005 

Revision 5.2 

Required Education: 2 

Academic or vocational high school graduate, with courses in algebra and physics or 3 

chemistry, or equivalent, plus two years college-level technical study, with courses in 4 

nuclear waste management and health physics, or equivalent. s 

Training Type/Amount: s 

Hazardous waste management personnel receive the core training discussed in H-1 a 7 

and H-1b(1). s 

~~'9n!~:J.91::~@1m1:nni~rn1}1m11::r~ii.t~1:::e,u11•~1::J11P:tjni!~:::mn~::~m~·!:ni 9 

@m!Y.rntm'i~!l.l.9n!E~t!Mros::=:m1i:::=p,1:::11:ti11n11im1111::=:1¥1g::::ef::J11::::in94.m~n~~ 10 

ir@minlit::mgmi: 11 
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WIPP RCRA Part B Permit Application 
OOENVIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Senior Operations Engineer B 
Waste Handling Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

Conducts inspections and inventories of hazardous waste staging areas. 

Directs the transfer of site-generated hazardous waste to on-site staging areas. 

Assists in the hands-on recovery of hazardous materials from incidents. 

15 Required Skills, Experience, and Qualifications: 
17 

18 

19 

20 

21 

Eight years of related engineering experience. 

Must possess and maintain required certifications. 

22 Required Education: 
23 

24 

25 

S.S. degree in technical field, or equivalent. 

26 Training Type/Amount: 
27 

28 

29 

30 

31 

32 

33 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 

Additf§n?~IP §pacific.training will be requt~~8f. :9f 'ip~m§iflJ::jj119gtjirn::::@M:::~111::~n9. 
~mcugt. pf jgt:imt:1na1 training may be det~fm!rm~:anmS9.HH!¥!!W::::ef::i9?:]n!Y!!~!~! 
traitjftjg ftqqrp, 
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WIPP RCRA Part B Permit Application 
DOEt'WIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Senior Engineer B 
Waste Handling Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Conducts inspections and inventories of hazardous waste staging areas. s 

Directs the transfer of site-generated hazardous waste to on-site staging areas. 1 

Assists in the hands-on recovery of hazardous materials from incidents. a 

Required Skills, Experience, and Qualifications: g 

Eight years of related engineering experience. 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

B.S. degree in technical field, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

and H-1 b(1 ). 1s 
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2 

3 

4 

WIPP RCRA Part B Permit Application 
DOE/llVIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

s Position Title: Operations Engineer 
Waste Handling Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Oversees hazardous waste handling duties performed by waste handling personnel. 

Transports TRUPACTs from carriers to Waste Handling Building. 

Inspects all TRUPACTs received. 

Performs routine decontamination of shipping containers and waste handling 
equipment. 

Operates waste handling equipment, including 41-ton forklift trucks, to receive, 
handle, and emplace transuranic (TRU) waste. 

Overpacks site-generated TRU waste and transports to storage. 

Performs routine decontaminations and participates in waste handling equipment 
qualification program. 

21 Required Skills, Experience, and Qualifications: 
28 

29 

30 

31 

32 

Two years related experience or equivalent. 

Must possess and maintain required certifications. 

33 Required Education: 
34 

35 

36 

37 

S.S. technical degree, or equivalent. 
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Operations Engineer (Continued) 

WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

Training Type/Amount: 2 

Hazardous waste management personnel receive the core training discussed in H-1 a 3 

and H-1b(1). 4 
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WIPP RCRA Part B Pennit Application 
DOEMllPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 

3 

RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

4 

5 Position Title: 
6 

Associate Operations Engineer (Transuranic Hazardous Waste) 
Waste Handling Operations 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Performs routine inspections of waste handling equipment. 

Assists in waste handling work crews in waste handling operations. 

Assists in routine decontaminations. 

Participates in waste handling equipment certification program. 

Assists in overpack operations. 

Assists with transuranic (TRU) waste on-site transport. 

Assists with the unpacking of shipping containers. 

24 Required Skills, Experience, and Qualifications: 
25 

26 

27 

28 

Four years of engineering experience, including two years as a Senior Waste 
Handling Specialist, or equivalent. 

29 

30 

Must possess and maintain required certifications. 

31 Required Education: 
32 

33 

34 

B.S. degree in engineering, or equivalent. 

35 Training Type/Amount: 
36 

37 Hazardous waste management personnel receive the core training discussed in H-1 a 
38 andH-1b(1). 
39 

40 ~q9~~9ni~:J.ee.:~mimP:~min~mi~!,9! !i9~me:::1t:!nP!mR11::a11amaK::::11:1:t11:::1me 
41 ~rl'1P9n,:=et::~99mgn~•:~1•iiiins m~ §1::P.~ll!t1~:::11g1::::r,111a:::et:u.11tinaat1~i 
42 it!inms.::r~res 

H2-18 01/12196 8:57am 



WIPP RCRA Part B Permit Application 
DOE.iWIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Associate Operations Engineer 
Waste Handling Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Supervises/oversees the preparation of hazardous waste for shipment. 6 

Assists inspections and inventories of hazardous waste staging areas. 7 

Assists the transfer of site-generated hazardous waste to on-site staging areas. a 

Assists in the hands-on recovery of hazardous materials from incidents. · 9 

Required Skills, Experience, and Qualifications: 10 

Five years of plant operating and/or maintenance experience. 11 

Required Education: 12 

Associate degree in engineering, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

andH-1b(1). 16 
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WIPP RCRA Part B Permit Application 
DOEMflPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Senior Engineer B (Transuranic Hazardous Waste) 
Waste Handling Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 Supports quality assurance audits of waste disposal and waste analysis contractors. 
11 

12 Directs the preparation of hazardous waste for shipment. 
13 

14 

15 

16 

17 

Supports the Waste Certification Program, as required. 

Assists in the hands-on recovery of hazardous materials from incidents. 

18 Required Skills, Experience, and Qualifications: 
19 

20 

21 

Five years of plant operation and/or maintenance experience. 

22 Required Education: 
23 

24 

25 

B.S. degree in engineering, or equivalent. 

26 Training Type/Amount: 
27 

28 

29 

30 

31 

32 

33 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 
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WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Manager 
Waste Handling Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Supervises/oversees hazardous waste handling duties conducted by Waste Handling 6 

Operations personnel. 1 

Required Skills, Experience, and Qualifications: s 

Five years of nuclear materials handling and plant operations experience, including s 
manpower scheduling and control. 10 

Required Education: 11 

B.S. degree, or equivalent, in nuclear-related field. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1 a 14 

and H-1 b(1 ). 15 
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WIPP RCRA Part B Permit Application 
DOEMflPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: 
6 

7 

Health Physics Technician 
Operational Health Physics 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

Conducts necessary surveys of all incoming shipping containers for radiation, 
contamination, and damage. 

13 

14 

Overpacks transuranic (TRU) waste containers that are contaminated. 

15 

16 

17 

Monitors TRU waste handling and related operations to determine compliance with 
radiological control procedures. 

18 

19 

Performs routine inspections of radiation-monitoring equipment. 

20 Required Skills, Experience, and Qualifications: 
21 

22 

23 

24 

Three years of related radiological control experience, including two years as a Health 
Physics Technician, or equivalent. 

25 

26 

Must possess and maintain required qualifications and certifications. 

21 Required Education: 
28 

29 Academic or vocational high school graduate, or equivalent, with courses in 
30 chemistry, physics, geometry, or trigonometry, or equivalent, plus associated degree 
31 in radiation safety or health physics, or equivalent. 
32 

33 Training Type/Amount: 
34 

35 Hazardous waste management personnel receive the core training discussed in H-1a 
36 andH-1b(1). 
37 
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WIPP RCRA Part B Permit Application 
DOE/WIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Health Physics Specialist 
Radiological Engineering 

3 

4 

Hazardous Waste Management Duties: 5 

Conducts routine and nonstandard surveys of all incoming TRUPACTs for radiation, 6 

contamination, and damage. 1 

Overpacks transuranic (TRU) waste containers that are contaminated. 8 

Monitors TRU waste handling and related operations to determine compliance with 9 

radiological control procedures. 10 

Applies extensive knowledge of radiological (i.e., TRU) regulations and procedures 11 

to oversee waste handling operations personnel of appropriate methods and 12 

techniques related to receiving, handling, storing, shipping, and disposal!§ of 13 

radioactive materials. 14 

Required Skills, Experience, and Qualifications: 15 

Five years of related radiological control experience, including two years as a Senior 16 

Health Technician, or equivalent. 11 

Must possess and maintain required qualifications and certifications. 18 

Required Education: 19 

Academic or vocational high school graduate, or equivalent, with courses in 20 

chemistry, physics, geometry, or trigonometry, or equivalent, plus associate degree 21 

in radiation safety or health physics, or equivalent. 22 

Training Type/Amount: 23 

Hazardous waste management personnel receive the core training discussed in H-1a 24 

and H-1 b(1 ). 25 
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2 

3 

4 

WIPP RCRA Part B Pennit Application 
DOE/\IVIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

s Position Title: Senior Health Physics Specialist 
Operational Health Physics 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Conducts routine surveys of all incoming shipping containers ·for radiation, 
contamination, and damage. 

Overpacks transuranic (TRU) waste containers that are contaminated. 

Monitors TRU waste handling and related operations to determine compliance with 
radiological control procedures. 

Applies extensive knowledge of applicable regulations and procedures to oversee 
waste handling operations personnel. Ensures appropriate methods and techniques 
related to receiving, handling, storing, shipping, and disposing of radioactive materials 
are followed. 

Reviews radiological data and survey results to ensure accuracy. 

Performs routine inspections of radiation monitoring equipment. 

27 Required Skills, Experience, and Qualifications: 
28 

29 

30 

31 

Seven years of related radiological control experience, including two years as a 
Radiological or Health Physics Specialist, or equivalent. 

32 

33 

Must possess and maintain required qualifications and certifications. 

34 Required Education: 
35 

36 Academic or vocational high school graduate, or equivalent, with courses in 
37 chemistry, physics, geometry, or trigonometry, or equivalent, plus associate degree 
38 in radiation safety or health physics, or equivalent. 
39 
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Senior Health Physics Specialist (Continued) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

Training Type/Amount: 2 

Hazardous waste management personnel receive the core training discussed in H-1 a 3 

and H-1 b(1 ). 4 
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2 

3 

4 

WIPP RCRA Part B Pennit Application 
DOEJWIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Engineer 
6 Radiological Engineering 
7 

8 Hazardous Waste Management Duties: 
9 

10 Transports TRUPACTS from carriers to Waste Handling Building. 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

. 24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Unpacks TRUPACTS received. 

Performs decontamination of shipping casks, containers and waste handling 
equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal-emplacement machinery to receive, handle, and emplace !:ii!!ini 
(TRU) waste. 

Performs sampling. 

Overpacks site generated TRU waste and moves to storage . 

Participates in waste handling certification program. 

Performs routine decontamination. 

Performs all operations to receive, handle, and emplace contact-handled and remote
handled TRU waste. 

Directs waste handling work crews in waste handling operations. 

35 Required Skills, Experience, and Qualifications: 
36 

37 Two years relative experience, or equivalent. 
38 

39 

40 

Must possess and maintain required certifications. 

41 Required Education: 
42 

43 B.S. in science or engineering, or equivalent. 
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Engineer (Continued) 

WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

Training Type/Amount: 2 

Hazardous waste management personnel receive the core training discussed in H-1 a 3 

and H-1 b(1 ). 4 
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2 

3 

4 

WIPP RCRA Part B Pennit Application 
DOEJ\IVIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Senior Engineer 
Radiological Engineering 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Transports TRUPACTs from carriers to the Waste Handling Building. 

Unpacks all TRUPACTs received. 

Performs routine decontamination of shipping casks, containers, and waste handling 
equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal-emplacement machinery to receive, handle, and emplace transuranic 
(TRU) waste. 

Overpacks all site-generated TRU waste (if any) and moves to storage. 

Participates in waste handling equipment certification program. 

Performs routine decontaminations. 

Performs all operations to receive, handle, and emplace contact-handled and remote
handled TRU waste. 

Directs waste handling work crews in waste handling operations. 

33 Required Skills, Experience, and Qualifications: 
34 

35 Eight years engineering experience, including three years as a Senior Engineer B, or 
36 equivalent. 
37 

38 

39 

40 

Must possess and maintain required certifications. 
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Senior Engineer (Continued) 

WIPP RCRA Part B Permit Application 
DOENVIPP 91-005 

Revision 5.2 

Required Education: 2 

B.S. degree in engineering, or equivalent. 3 

Training Type/Amount: 4 

Hazardous waste management personnel receive the core training discussed in H-1 a s 
and H-1b(1). s 
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3 

4 

WIPP RCRA Part B Permit Application 
DOEMllPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Senior Engineer B 
Radiological Engineering 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Transports TRUPACTs from carriers to the Waste Handling Building. 

Unpacks all TRUPACTs received. 

Performs routine decontamination of shipping casks, containers, and waste handling 
equipment. 

Operates waste handling equipment, including up to 41-ton forklift trucks, and 
complex waste handling equipment, such as electromechanical manipulators and 
horizontal-emplacement machinery to receive, handle, and emplace transuranic 
(TRU) waste. 

Overpacks all site-generated TRU waste (if any) and moves to storage. 

Participates in waste handling equipment certification program. 

Performs routine decontaminations. 

Performs all operations to receive, handle, and emplace contact-handled and remote
handled TRU waste. 

Directs waste handling work crews in waste handling operations. 

33 Required Skills, Experience, and Qualifications: 
34 

35 

36 

37 

38 

39 

40 

Five years engineering experience, including three years as an Engineer, or 
equivalent. 

Must possess and maintain required certifications. 
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Senior Engineer B (Continued) 

WIPP RCRA Part B Permit Application 
DOEiWIPP 91-005 

Revision 5.2 

Required Education: 2 

B.S. degree in engineering, or equivalent. 3 

Training Type/Amount: 4 

Hazardous waste management personnel receive the core training discussed in H-1 a 5 

and H-1b(1). 6 
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WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Manager 
6 Operational Health Physics 
7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

Supervises/oversees hazardous waste management duties performed by personnel 
in the Operational Health Physics Section. 

13 Required Skills. Experience, and Qualifications: 
14 

15 

16 

17 

Four years of experience in health physics or radiological engineering, including one 
year in supervisory or management position. 

18 Required Education: 
19 

20 B.S. degree in engineering, or equivalent. 
21 

22 Training Type/Amount: 
23 

24 

25 

26 

27 

28 

29 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 
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WIPP RCRA Part B Permit Application 
DOE/INIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Quality Assurance Technician 
Inspection Services 

3 

4 

Hazardous Waste Management Duties: s 

Observes waste handling operations and verifies adherence with hazardous waste s 
handling procedures. 1 

Required Skills, Experience, and Qualifications: a 

Must possess and maintain required certifications. 9 

Required Education: 10 

Vocational, technical, or high school graduate, or equivalent, plus two years of 11 

technical training with courses in inspection techniques, or equivalent. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1 a 14 

andH-1b(1). 15 
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WIPP RCRA Part B Pennit Application 
DOEJWIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Position Title: Senior Quality Assurance Technician 
Inspection Services 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

Observes waste handling operations and verifies adherence with hazardous waste 
handling procedures. 

13 Required Skills. Experience, and Qualifications: 
14 

15 

16 

17 

18 

19 

Six years of inspection (or related) experience. 

Must obtain required certifications within six months of placement and maintain 
certification thereafter. 

20 Required Education: 
21 

22 

23 

24 

Vocational, technical, or high school graduate, or equivalent, plus two years of 
technical training, with courses in inspection techniques, or equivalent. 

25 Training Type/Amount: 
26 

27 

28 

29 

30 

31 

32 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 
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WIPP RCRA Part B Pennit Application 
DOE/WIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Quality Assurance Specialist 
Inspection Services 

3 

4 

Hazardous Waste Management Duties: s 

Observes waste handling operations and verifies adherence to hazardous waste 6 

handling procedures. 1 

Required Skills, Experience, and Qualifications: s 

Seven years of inspection experience, with a minimum of three years of experience s 
as a Senior Quality Assurance Technician, or equivalent. 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

Vocational, technical, or high school graduate, or equivalent, plus two years of 13 

technical training in inspection techniques, or equivalent. 14 

Training Type/Amount: 15 

Hazardous waste management personnel receive the core training discussed in H-1 a 16 

and H-1b(1). 11 
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3 

4 

WIPP RCRA Part B Permit Application 
DOE/\/VIPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Manager 
6 

7 

Quality Assessment and Inspection Services 

a Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Supervises/oversees hazardous and mixed waste management duties performed by 
personnel in the Quality Assessment Engineering Section. 

Ensures that items or services that do not conform with specified quality requirements 
are controlled to prevent use until disposition and corrective action, where applicable, 
are implemented. 

Supervises Quality Assessment Technicians inspecting and verifying waste handling 
operations. 

20 Required Skills, Experience, and Qualifications: 
21 

22 

23 

24 

25 

Nine years of varied quality assessment experience in procurement, fabrication, and 
assembly operations, with two years of_ experience as supervisor in quality-related 
activities. 

2s Required Education: 
27 

28 

29 

8.5. degree in engineering, or equivalent. 

30 Training Type/Amount: 
31 

32 

33 

34 

35 

36 

37 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 

Additiol1~~jpl:) ~pecific training will be required §J!QGHdtnf]?i,figpg@!ii,i]ill§iiijlfg!i:@gp 
amo1Jrit·9t~9Cl~tjonal tniining may be deterrr)i~g'ilnt9miti'i'i:f:t¥!11i:jpfjjgg:::~p§yffil@n~! 
training··· fe6dtd~ 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Emergency Services Technician 

Safety and Plant Protestion§m@l!ITTll!!i!M!!!~Hmnt 
3 

4 

Hazardous Waste Management Duties: s 

Responds to hazardous waste spills in emergency situations. s 

Provides emergency fire-response services. 7 

Conducts routine inspections and maintains all response equipment on site. s 

Serves as incident commander. 9 

Directs emergency teams to control hazardous situations. 1 o 

Performs firefighting duties. 11 

Required Skills, Experience, and Qualifications: 12 

Four years of industrial emergency services experience, or equivalent. 13 

Must possess and maintain New Mexico Emergency Medical Technician license 14 

(intermediate level). 15 

Must possess valid New Mexico motor vehicle operator license. 16 

Required Education: 17 

Vocational or commercial high school graduate, or equivalent, plus additional training 1s 
in emergency fire and medical response, or equivalent. 19 

Training Type/Amount: 20 

Hazardous waste management personnel receive the core training discussed in H-1 a 21 

and H-1 b(1 ). 22 

~H~n@~:11::§~efi9Jtitrnn9WilJ,?!::r1t1!11:::2n•11111::11m11@m::::;11::111,::1n1 23 

'm2m:::p,u~~mBn~J.:::ain~n9:'m1UfaB:J~1~111111:::11M9~::J111m:::m::191::::~1111tdln~'= 24 

tr!mmi:::~m:;: 25 
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'l.tASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS '.\<ASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Pesitien Title: Emer:gensy Services Ceereinater 
Safety and Plant Pretestien 6 

7 

8 Mazardeus 'J'.'asta Management Duties: 
9 

10 

11 

12 

Oversees ane eirests emer:gensy sentrel teams astivities and emer:gensy drills, 
insl1.1ding training and physical req1.1irements. 

13 Reauirad Skills, l!xperiense, and Qualifisatiens; 
14 

15 Knewledge ef emer:gensy sentrel metheds and presed1.1res sentained in Oss1.1patienal 
15 Safety and l=lealth Administratien, Natienal Fire Pretestien Assesiatien; and Mine 
17 Safety and l=lealth Administratien req1.1irements. 
18 

19 Reauired l!dusatien: 
20 

21 

22 

B.S. degree, er eq1.1ivalent. 

23 Training TvpelAmeunt: 
24 

25 

26 

27 

28 

29 

30 

l=lazarde1.1s waste management persennel receive \he sere training diss1.1ssed in l=I 1 a 
and l=I 1 b(1 ). 

Add~ierj~U!@~pecific training vAll tie reqlJi~q l:!R!~ffi!!:l:'@!i@i~!ri: ·g~ ~l?!':'@~I 
am~~fl~R~ti!~1tianal training may be eletet:l!R~l::lfi!il.:':':!i¥!!i::l]@~'"Rii!Ui~Ui 
train~g r!~R.i'. 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Manager 
Hazardous Waste 

3 

4 

Hazardous Waste Management Duties: 5 

Supervises and oversees inspection of incoming/outgoing hazardous waste 6 

shipments. 7 

Supports Waste Certification program as required. a 

Required Skills, Experience, and Qualifications: 9 

Five years related experience, or equivalent. 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

B.S. degree in engineering, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

and H-1b(1). 15 

~=~iil~~iiii~~:~t=m~: :~ b~e1ie~Ziilllil~!ll11f ~lllilrj11 ~: 
trait\ros t~9§@} 1 s 
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WIPP RCRA Part B Pennit Application 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Senior Engineer 
Hazardous Waste 6 

7 

a Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

Directs and oversees packaging of site-generated hazardous waste and hazardous 
waste samples. 

Prepares waste containers for off-site shipment (site-generated hazardous waste). 

Assists other engineers. 

11 Required Skills, Experience, and Qualifications: 
18 

19 Eight years of relative experience, or equivalent. 
20 

21 Required Education: 
22 

23 

24 

25 

B.S in engineering, or equivalent. 

26 Training Type/Amount: 
27 

28 

29 

30 

31 

32 

33 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 

Add~i§9~JJ.9?:§Pf!Cific traitj~ng·Wiu be·•requi[~9::9u1mrr1111::fimlml!~I:B:::~mg\:ln9. 
ambtjfiltjf ~ftgitipha( trail'ling may be det~nn!m1:::11man:::t@!!!Wa~u11=:~o!qm~n~~ 
trairjftjg ~¢9rPY 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Utility Technician 
Maintenance Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Assists taking samples of site-generated hazardous waste and prepare samples for 6 

shipment. 1 

Assists in inspections of hazardous-materials staging area. s 

Transports site-generated hazardous waste (aboveground only) to the hazardous 9 

waste staging area. 10 

Assists in hands-on recovery of hazardous materials from incidents. 11 

Required Skills, Experience, and Qualifications: 12 

One year of general maintenance experience, or equivalent. 13 

Must possess and maintain required certifications. 14 

Required Education: 15 

Trade, vocational, or technical high school graduate, or equivalent, with six months 16 

formal maintenance training, or equivalent. 11 

Training Type/Amount: 18 

Hazardous waste management personnel receive the core training discussed in H-1a 19 

andH-1b(1). 20 

Addition~dj§§ $P~trairi1ng will be requireq 9!1~m9BJIBl9@~~::::::g1::1P~::1,pg 21 

arnou9f§f: ~?~wpryal ~f1iii~irig. may •be det~tml~!!!!!!!IMSffll!i!WH~::imP:::Jn!ml!!fim 22 

training ffiqg~: 23 
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WIPP RCRA Part B Pennit Application 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Maintenance Technician 
Maintenance Operations 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

Transports hazardous materials or substances to appropriate on-site locations. 

Performs periodic maintenance and calibration on the ventilation exhaust-fan flow 
monitors. 

15 Required Skills, Experience, and Qualifications: 
16 

17 

18 

19 

20 

21 

Three years of maintenance experience, including two years as a Utility Technician, 
or equivalent. 

Must possess and maintain required certifications. 

22 Required Education: 
23 

. 24 

25 

26 

Trade, vocational, or technical high school graduate, or resegnizeet equivalent, with 
six months of formal training in area of specialization, or equivalent. 

21 Training Type/Amount: 
28 

29 

30 

31 

32 

33 

34 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 

Add~iqrj~fjgq~pecific training will be requireq,:Pf !99Ym!~IHl!l9nt!i!Eil!!!IP~·'!nq 
amoqpt pf ~qi~onat training may be detenij!fl!::lmr!IJ!::::ri!!&:::qf::1;:::in~i~m~~ 
tramiryg r~9?r9~ 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Technical Coordinator 
Maintenance Operations 

Hazardous Waste Management Duties: 

3 

4 

5 

Oversees activities of maintenance technicians engaged in repair and calibration of 6 

instrumentation. 1 

Required Skills, Experience, and Qualifications: 8 

Eleven years relative experience, or equivalent. 9 

Must possess and maintain required certifications. 10 

Required Education: 11 

B.S. ~Qf~i in technical discipline, or equivalent. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1 a 14 

and H-1b(1). 15 

Acl9~!9!1!J,19§:§i'ciric tta1ning will be req~~rf~UiU!ammimt::111999i,!fMlli::m1:::1ne 16 

amo~nf 9t '99™ona1 training may be <J~~!fl!!i!e:::1r§!l![rfi!mI:!f::Jee::::~mi~i9!n~~ 11 

trairjtQg ~g§gfr 1 s 
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WIPP RCRA Part B Permit Application 
DOEM'IPP 91-005 
Revision 5.2 

WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: 
6 

7 

Supervisor 
Maintenance Operations 

8 Hazardous Waste Management Duties: 
9 

10 Supervises/oversees hazardous materials or substances management duties of 
11 maintenance personnel. 
12 

13 Required Skills, Experience, and Qualifications: 
14 

15 

16 

17 

18 

Two years of experience in a first-level supervisory position. 

Must possess and maintain required certifications. 

19 Required Education: 
20 

21 Two years of technical school or four years of specific craft experience. 
22 

23 Training Type/Amount: 
24 

25 

26 

27 

28 

29 

30 

Hazardous waste management personnel receive the core training discussed in H-1a 
and H-1b(1). 

Add~fPH~f:i9§~pecific wining win be reqm~q=sfl'!ml!lmt::JIB!n!!:;::::m::~Y.eiU~n! 
a(li()up~ g~l:@q~ffi(Jnat·t~~tjjr)g·· may:· ~e••9et~irmi:::lnr9ii.b]fi!iml:litlJ9e:::~n!9inn~! 
tra~ifls =!~§RIP; 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Maintenance Specialist 
Maintenance Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Transports hazardous materials or substances to appropriate on-site locations. 6 

Performs periodic maintenance and calibration on the ventilation exhaust-fan flow 1 

monitors. a 

Required Skills, Experience, and Qualifications: 9 

Six years of maintenance experience, including three years as a Maintenance 10 

Technician, or equivalent. 11 

Must possess and maintain required certifications. 12 

Required Education: 13 

Trade, vocational, or technical high school graduate, or Fesegnized equivalent, with 14 

one year of formal training in area of specialization, or equivalent experience. 15 

Training Type/Amount: 16 

Hazardous waste management personnel receive the core training discussed in H-1 a 11 

andH-1b(1). 1s 

AcJc:t~~9ni~J9g:i?ea¥rott'ajoJos·.wiH.•pe.·rt!tjy!tl•t:P:t::!mmBm::a1!ntJ!!~:::nr:rn!:'li!1:1nm 1 s 
tilrn9Ym 9U!99l!i.P!t~•••~t~Jriirj9 mav•••be!.fEi~!tl!•::=tfir!B.l•:::ri!!&:::!ti•ll§::=~n~l~n~i 20 

tr~f:tiifts ~~0?r9; 21 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Senior Maintenance Specialist 
Maintenance Operations 6 

7 

e Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

Transports hazardous materials or substances to appropriate on-site locations. 

Performs periodic maintenance and calibration on the ventilation exhaust-fan flow 
monitors. 

15 Required Skills, Experience, and Qualifications: 
16 

11 Ten years of maintenance experience, with four years as a Maintenance Specialist, 
18 or equivalent. 
19 

20 

21 

Must possess and maintain required certifications. 

22 Required Education: 
23 

24 

25 

26 

Trade, vocational, or technical high school graduate, or recognized equivalent, with 
one year of formal maintenance crafts training, or equivalent. 

21 Training Type/Amount: 
28 

29 

30 

31 

32 

33 

34 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 

Ad~m§tl!~JPP~~citic training will be requitlUPfj~m!im::RmP:aoi!~]:;m1::11g::1rn1 
a~(.Jtjf..:pt !99!~§nal traif'llhg may be det~nn!a!:::lr9B.tJ:=::rrt!iwlsf::me:::~n•nnl 
traming t!~r9l 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Senior Maintenance Supervisor 
Maintenance Operations 

Hazardous Waste Management Duties: 

3 

4 

5 

Supervises/oversees hazardous materials or substances management duties of 6 

maintenance personnel. 7 

Required Skills, Experience, and Qualifications: 8 

Three years of experience in a first-level supervisory position. 9 

Must possess and maintain required certifications. 10 

Required Education: 11 

Two years of technical school or four years of specific craft experience. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1 a 14 

and H-1b(1). 15 

Add1ti9n~Hq§!J?tfoifie~1n1n9 will oe requjre,9.§~Jn~••=t1•nrn!!=i@11,:-b11::!ne 16 

amourito( J(lgponat traitjJog· may be (fet~i~q!:l!PYll!i:f:t@j!iil9t:ig!'!oi!lf;l!J~! 11 

trainingr~9§~. 1 a 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Position Title: Senior Engineer 
Maintenance Operations 6 

7 

a Hazardous Waste Management Duties: 
9 

10 

11 

Oversees hazardous waste management duties of maintenance peraonnel 

12 Required Skills, Experience, and Qualifications: 
13 

14 

15 

16 

17 

Eight years related experience, or equivalent. 

Must possess and maintain required certifications. 

1s Required Education: 
19 

20 

21 

S.S. ~9r~~ in engineering, or equivalent. 

22 Training Type/Amount: 
23 

. 24 

25 

26 

27 

28 

29 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 

Additiona~j§p$pecific training will be requireqqf~H~mBinl::P:llP:nn!!~i]fJf@:mm::@me 
amount M ~qi~onaJ training may be detetmi~~;f:lr999.ni::=riilli:is!:J99'm1!9m~nl 
trairii[lQ- ffJg9t9P 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Manager 
Maintenance Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Oversees/supervises hazardous materials or substances activities of maintenance 6 

personnel. 7 

Required Skills, Experience, and Qualifications: a 

Minimum of five years of maintenance experience, with a minimum of three years in s 
a supervisory position. 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

B.S. q~Q~~ in engineering, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1a 15 

and H-1b(1). 16 

Aciditf0.9~HF>9 ~J?ecific•ttaibhl9•·w111 ·ba··requ1ri98~t::1amli!nt::fimenoi!i:i:::m1@J::IP!:]i~is 11 

arnoµtjt; §f ~qg~~onal tre!@ng may be•det~rm!Pie:=lr99ih::::ri!!!i:::9f::Je§:::~n~i!!!n~~ 18 

trairiihg ~gqrqJ 1 s 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Operational Manager 
Maintenance Operations 6 

7 

a Hazardous Waste Management Duties: 
9 

10 

11 

Manages hazardous waste activities of maintenance personnel 

12 Required Skills. Experience, and Qualifications: 
13 

14 

15 

16 

17 

Eight years related experience, or equivalent. 

Must possess and maintain required certifications. 

1a Required Education: 
19 

20 

21 

B.S. ~gr!@ in technical field, or equivalent. 

22 Training Type/Amount: 
23 

24 

25 

26 

27 

28 

29 

Hazardous waste management personnel receive the core training discussed in l-l-1a 
and H-1b(1). 

Addman~~l9J?~pecific training wiH be retjufr~g::1t:~omm~m:::11fu1P:?ni:!rn:mt1::m;::@mP 
arnoQrtt; 91 ~qi~onaJ traipitig may be det~tin!ti9:::tnr9!9!@:r@¥@1:::et::J,q§:~n!9rnt!n~~ 
~raitiiijg iR9r9i 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Manager 
Maintenance Operations Work Control 

Hazardous Waste Management Duties: 

Manages hazardous waste activities of maintenance personnel. 

Required Skills, Experience, and Qualifications: 

Two years of relative experience, or equivalent. 

Must possess and maintain required certifications. 

Required Education: 

Associate degree in business administration, or equivalent. 

Training Type/Amount: 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Hazardous waste management personnel receive the core training discussed in H-1 a 13 

andH-1b(1). 14 

Ac1q~r!.n~H9e~pecific ~i~ing win be requi~q=·!f:!n~Blit:emnmirn:rnm=:~¥ei::@n9 15 

amoyg! 9f i99m~mat training may ·be,deterffilffie:::1reY1m:::jiillitef::J9§:':!miYifin~~ 16 

trainh)s r!gqrp. 17 
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WIPP RCRA Part B Permit Application 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Scientist 
6 Environmental Monitoring 
7 

a Hazardous Waste Management Duties: 
9 

10 

11 

12 

Transports and handles hazardous materials or substances from environmental 
monitoring field activities. 

13 Required Skills. Experience, and Qualifications: 
14 

15 

16 

17 

18 

Two years experience as an Associate Scientist. 

Must possess and maintain required certifications. 

19 Required Education: 
20 

21 B.S. ~Sr~~ in an environmental science, or equivalent. 
22 

23 Training Type/Amount: 
24 

25 

26 

27 

28 

29 

30 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 

Adtim4n@~i9tt:~e~cific ~·n~ng·.wiu be.•requi~ftiet::!n~ail.::nm9nn!!i::::::n:::~iP~::1n? 
affi9tjft:ti:!!:'i!9m9na1 tra*9~99.•may b~·.9etiiin!l:':ll!l.b1i:::1¥1mM::i~!'Jl~::::!o!iil!n~! 
trai~tfig r~?§rp. 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Associate Scientist 3 

Environmental Monitoring 4 

Hazardous Waste Management Duties: 5 

Transports and handles hazardous materials or substances from ·environmental s 
monitoring field activities. 7 

Required Skills, Experience, and Qualifications: s 

None. 9 

Ml:lst ~ossess and maintain req1:Jired certifications. 10 

Required Education: 11 

B.S. degree in an environmental science, or equivalent. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1 a 14 

and H-1b(1). 15 

Addttionalj§§~~cific train1n;wm be reqWreq 9t=:i•'11m:=am9no!!:i:]B:=,~Y?iMl:o9 1 s 
amount.or~99monat training may be det~in@g l!Pii.i:::::ti¥l!Wil!:~99=:::~rn~ltlnti 17 

training reC()f:cK 1 s 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Assistant Engineer 
Environmental Monitoring 6 

7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

Moves site-generated hazardous waste for off-site disposal. 

12 Required Skills, Experience, and Qualifications: 
13 

14 

15 

Five years related practical experience, or equivalent. 

16 Must possess and maintain required certifications. 
17 

18 Required Education: 
19 

20 Associate degree in engineering or scientific discipline, or equivalent. 
21 

22 Training Type/Amount: 
23 

24 

25 

26 

27 

28 

29 

Hazardous waste management personnel receive the core training discussed in :-1-1 a 
and H-1b(1). 

Addititj~~~i9P: ~pecific trail'liHg wilt be requir~g:q~:!niHm!~nt::rmlmnn~M:J!i~::~ng 
arl\otjffl' m 1!!9mt>naJ training may be·•det~tm!~!::=:1r@B.n::::r1v~1:::st::19g::~n!9m'=IP.~i 
traiftifl9 ig?r9s 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Safety Specialist 
Environmental Monitoring 

3 

4 

Hazardous Waste Management Duties: 5 

Involved in the collection of samples of waste for characterization and/or identification. 6 

Required Skills, Experience, and Qualifications: 7 

Six years related safety or industrial hygiene experience, or equivalent, including two a 
years as a Senior Safety Technician, or equivalent. s 

Must possess and maintain required certifications. 10 

Required Education: 11 

Academic or vocational high school graduate, or equivalent, with courses in algebra 12 

and chemistry or biology, plus Associate degree in engineering or science and with 13 

courses in computer science, or equivalent. 14 

Training Type/Amount: 15 

Hazardous waste management personnel receive the core training discussed in H-1 a 16 

and H-1b(1). 11 

Addm9n~~J.§g~p~cific training will be requj~ii:if:~n!Hmliitjil9n!1i!iii:ii::~::NPl:iei 18 

amoun! af: =~g~ffionat training may be deterrni!i9.Utf99inlti!il'it9f:tJ§p!:lml!rnflnJ! 1 s 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Position Title: Manager 
6 Environmental Monitoring 
7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

Supervises/oversees hazardous materials or substances transportation and handling 
duties performed by environmental monitoring personnel. 

13 Required Skills, Experience, and Qualifications: 
14 

15 

16 

17 

18 

19 

20 

Comprehensive knowledge of environmental science (specific radiological and 
nonradiological sampling techniques), nuclear plant operations, planning and 
scheduling, and resource management. 

Must possess and maintain required certifications. 

21 Required Education: 
22 

23 

24 

B.S. degree in an environmental science, or equivalent. 

2s Training Type/Amount: 
26 

27 

28 

29 

30 

31 

32 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Staff Assistant 3 

Environmental Monitoring 4 

Hazardous Waste Management Duties: 5 

Involved in the collection of samples of waste for characterization and/or identification. 6 

Required Skills. Experience, and Qualifications: 7 

Two years related experience, or equivalent. a 

Must possess and maintain required certifications. 9 

Required Education: 10 

B.A. in business or liberal arts, or equivalent. 11 

Training Type/Amount: 12 

Hazardous waste management personnel receive the core training discussed in H-1 a 13 

and H-1 b(1 ). 14 

AddmoH~Hi?.ti~~Cifictt~itjirlg··wt11··be•·teQmf:~q:2f.!n~m~m:::111q,no11~:];r~:::n~:@nfl 15 
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WIPP RCRA Part B Permit Application 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Position Title: Senior Training Coordinator 
Technical Training 6 

7 

a Hazardous Waste Management Duties: 
9 

10 

11 

Develops and conducts hazardous waste management training. 

12 Required Skills, Experience, and Qualifications: 
13 

14 

15 

Four years experience as an instructor. 

1s Required Education: 
17 

18 

19 

Bachelor degree in science or liberal arts, or equivalent. 

20 Training Type/Amount: 
21 

22 

23 

24 

25 

26 

27 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Manager 
Technical Training 

3 

4 

Hazardous Waste Management Duties: s 

Coordinates hazardous waste management training. 6 

Required Skills, Experience, and Qualifications: 1 

Knowledgeable in applicable regulations, orders, and guidelines. a 

B.S. degree and five years of nuclear experience or seven years nuclear-training 9 

experience. 10 

Required Education: 11 

B.S. degree in the nuclear field, or equivalent. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1 a 14 

and H-1 b(1 ). 1s 

Addttion~U9l? ~pf!cific training will be requ1re9 §fifi99m!m?!mnn!!i: Jl@:~mi:@ns 16 

amountota~~ffirma1 training may be detetffiifi9.'llii~:::ri¥l!w::::9t::1eei~n§Mmi!n~~ 17 

training reci;)rp. 18 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Training Coordinator 
Technical Training 6 

7 

a Hazardous Waste Management Duties: 
9 

10 Develops and conducts hazardous waste manag~ment training. 
11 

12 Required Skills. Experience, and Qualifications: 
13 

14 

15 

Four years experience as an instructor, or equivalent. 

16 Required Education: 
17 

18 

19 

Bachelor degree in science or liberal arts, or equivalent. 

20 Training Type/Amount: 
21 

22 

23 

24 

25 

26 

27 

28 

Hazardous waste management personnel receive the core training discussed in H-1a 
and H-1b(1). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Hazardous Materials Assistant 
Hazardous Waste and Self Assessment 

3 

4 

Hazardous Waste Management Duties: 5 

Prepares hazardous material samples for shipment. s 

Assists with inspections of hazardous material staging areas. 1 

Transports site-generated hazardous waste (aboveground) to hazardous waste s 
staging areas. 9 

Assists with the hands-on recovery of hazardous-waste materials from incidents. 10 

Required Skills, Experience, and Qualifications: 11 

One year of general maintenance experience, or equivalent. 12 

Must possess and maintain required certifications. 13 

Required Education: 14 

Trade, vocational, or technical high school graduate, or equivalent, with six months 15 

of formal maintenance training, or equivalent. 1s 

Training Type/Amount: 17 

Hazardous waste management personnel receive the core training discussed in H-1a 1s 
and H-1b(1). 1s 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Position Title: Hazardous Materials Technician 
Hazardous Waste and Self Assessment 6 

7 

a Hazardous Waste Management Duties: 
9 

1 o Assists in preparing hazardous material samples for shipment. 
11 

12 Assists with inspections of hazardous material staging and accumulation areas. 
13 

14 

15 

16 

17 

18 

Transports site-generated hazardous waste (aboveground) to hazardous waste 
staging areas. 

Assists with the hands-on recovery of hazardous waste materials from incidents. 

19 Required Skills, Experience, and Qualifications: 
20 

21 

22 

23 

Two years of experience as a Hazardous Materials Assistant, or equivalent, and 
general labor experience, or equivalent. 

24 Required Education: 
25 

26 

27 

28 

Trade, vocational, or technical high school graduate, or equivalent, with one year of 
formal technical training, or equivalent. 

29 Training Type/Amount: 
30 

31 

32 

33 

34 

35 

36 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Senior Hazardous Materials Technician 
Hazardous Waste and Self Assessment 

3 

4 

Hazardous Waste Management Duties: 5 

Assists in taking samples of site-generated hazardous waste for analysis and 6 

prepares samples for shipment. 1 

Assists with inspections of hazardous material staging and accumulation areas. a 

Transports site-generated hazardous waste (aboveground) to hazardous waste g 

staging areas. 10 

Assists with the hands-on recovery of hazardous waste materials from incidents. 11 

Required Skills, Experience, and Qualifications: 12 

Six years of related materials handling experience, including three years of 13 

experience as a Hazardous Materials Technician, or equivalent. 14 

Must possess and maintain required certifications. 15 

Required Education: 16 

Trade, vocational, or technical high school graduate, or equivalent, with two years of 11 

formal technical training, or equivalent. 1a 

Training Type/Amount: 19 

Hazardous waste management personnel receive the core training discussed in H-1a 20 

and H-1 b(1 ). 21 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: Senior Engineer 
Hoisting Operations 6 

7 

a Hazardous Waste Management Duties: 
9 

10 

11 

12 

Oversees hazardous waste management duties performed by hoisting operations 
personnel. 

13 Oversees maintenance activities of hoisting systems. 
14 

15 Required Skills, Experience, and Qualifications: 
16 

17 

18 

19 

20 

21 

Eight years engineering experience, including three years as a Senior Engineer B, or 
equivalent. 

Must possess and maintain required certifications. 

22 Required Education: 
23 

24 

25 

B.S. degree in engineering, or equivalent. 

2s Training Type/Amount: 
27 

28 

29 

30 

31 

32 

33 

34 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 

Additi§rj~fiqp.§pecific traintng will be reqtli~q·g~!!~m§@nf::fii§§g@!li!i!J1ii!ifi@::,mq 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Hoist Operations Specialist 
Hoisting Operations 

3 

4 

Hazardous Waste Management Duties: 5 

Operates waste shaft hoist in accordance with established procedures. s 

Maintains daily hoist operations logs. 7 

Directs and oversees the loading and unloading of the Waste Shaft above and below a 
ground. s 

Performs routine inspections of the Waste Shaft hoisting equipment. 10 

Required Skills, Experience, and Qualifications: 11 

Five years of underground mining hoist experience, including one year as a hoist 12 

operator, or equivalent, and including two years as a certified Shaft Tender. 13 

Must possess and maintain required certifications. 14 

Must have completed Bureau of Mines Hoist Operator training course, or equivalent. 15 

Must have ability to operate various hoisting plants, including friction, drum, 1s 
construction, and portable diesel. 17 

Must obtain required certifications within eight months of placement and maintain 1a 
certifications thereafter. 1s 

Must satisfy specified medical requirements. 20 

Required Education: 21 

Vocational or academic high school graduate, or equivalent. 22 
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Hoist Operations Specialist (Continued) 

Training Type/Amount: 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Shaft Tender 3 

Hoisting Operations 4 

Hazardous Waste Management Duties: 5 

Oversees and directs loading and unloading of Waste Shaft above and below ground. s 

Required Skills, Experience, and Qualifications: 1 

One year of underground mining shaft and hoist experience, or equivalent, with ability a 
to rig and transport materials on conveyances. s 

Must possess and maintain required certifications. 10 

Required Education: 11 

Vocational or academic high school graduate, or equivalent. 12 

Training Type/Amount: 13 

Hazardous waste management personnel receive the core training discussed in H-1a 14 

andH-1b(1). 15 

Ad9m§til~!J9@.:~pecific.~~rj~tjg wm··be·•requj~g::pJ::1ngm1m::J;1m9nrW~!:mJJl.~l!i!:@ng 16 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

s Position Title: Senior Shaft Tender 
Hoisting Operations 6 

7 

a Hazardous Waste Management Duties: 
9 

10 Oversees and directs loading and unloading of Waste Shaft above and below ground. 
11 

12 Required Skills. Experience, and Qualifications: 
13 

14 

15 

16 

One year of underground mining shaft and hoist experience, or equivalent, with ability 
to rig and transport materials on conveyances. 

11 Must possess and maintain required certifications. 
18 

19 Required Education: 
20 

21 

22 

Vocational or academic high school graduate, or equivalent. 

23 Training Type/Amount: 
24 

25 

26 

27 

28 

29 

30 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 
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Required Educatton: 14 

B. s. deg~~;@eequivaterlt. 15 

Training Type/Amount 16 
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WASTE ISOLATION PILOT PLANT 
2 RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 
3 

4 

5 Position Title: 
6 

7 

Senior Operations Engineer 
Transportation and Hazardous Materials Handling 

8 Hazardous Waste Management Duties: 
9 

10 

11 

Participates in preparing shipments of hazardous waste for transportation. 

12 

13 Required Skills, Experience, and Qualifications: 
14 

15 

16 

Eight years of related engineering experience, or equivalent. 

11 Must possess and maintain required certifications. 
18 

19 Required Education: 
20 

21 

22 

S.S. degree in technical field, or equivalent. 

23 Training Type/Amount: 
24 

25 

26 

27 

28 

29 

30 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1 b(1 ). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Associate Operations Engineer 
Transportation and Hazardous Materials Handling 

3 

4 

Hazardous Waste Management Duties: 5 

Directs and oversees packaging of site-generated hazardous waste and hazardous s 
waste samples. 1 

Prepares waste containers for off-site shipment (site-generated hazardous waste). a 

Assists other engineers. 9 

Required Skills, Experience, and Qualifications: 10 

Must possess and maintain required certifications. 11 

Required Education: 12 

B.S. technical degree, or equivalent. 13 

Training Type/Amount: 14 

Hazardous waste management personnel receive the core training discussed in H-1 a 15 

and H-1 b(1 ). 1s 

Add~~9n!!l9§ §pecific training will be require? ef:~n9Ym~nt::111enn!M::::11:::111:::@i! 11 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

s Position Title: Scientist 
6 

7 

Environmental Compliance and Support 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Samples site-generated hazardous waste and prepares samples for shipment. 

Reviews analytical results for samples of site-generated waste and prepares 
hazardous waste profiles for off-site disposal. 

Inventories supplies at spill control stations. 

Conducts inspections and prepares inventories of satellite accumulation area and the 
hazardous waste staging area. 

Maintains records of analyses of site-generated hazardous waste, hazardous waste 
inventories, inspection results, and manifests for site-generated and received waste. 

Supervises subordinates who sample site-generated hazardous waste and who 
inventory and inspect site-generated hazardous waste management facilities. 

26 Required Skills, Experience, and Qualifications: 
27 

28 

29 

30 

31 

Two years experience as an Associate Scientist, or equivalent. 

Must possess and maintain required certifications. 

32 Required Education: 
33 

34 

35 

B.S. degree, or equivalent. 

36 Training Type/Amount: 
37 

38 Hazardous waste management personnel receive the core training discussed in H-1a 
39 and H-1 b(1 ). 
40 

41 

42 

43 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Associate Engineer 
Environmental Compliance and Support 

Hazardous Waste Management Duties: 

Involved in spill response and spill reporting. 

Required Skills, Experience, and Qualifications: 

Five years related practical experience, or equivalent. 

Must possess and maintain required certifications. 

Required Education: 

Associate degree in engineering or scientific discipline, or equivalent. 

Training Type/Amount: 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Hazardous waste management personnel receive the core training discussed in H-1a 13 

andH-1b(1). 14 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

4 Position Title: Senior Engineer 
5 

6 

Environmental Compliance and Support 

7 Hazardous Waste Management Duties: 
8 

9 Samples site-generated hazardous waste and prepares samples for shipment. 
10 

11 Reviews analytical results for samples of site-generated waste and prepares 
12 hazardous waste profiles for off-site disposal. 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Inventories supplies at spill control stations. 

Conducts inspections and prepares inventories of satellite accumulation areas and 
the hazardous waste staging area. 

Maintains records of analyses of site-generated hazardous waste, hazardous waste 
inventories, inspection results, and manifests for site-generated and received waste. 

Supervises subordinates who sample site-generated hazardous waste and who 
inventory and inspect site-generated hazardous waste management facilities. 

25 Required Skills, Experience, and Qualifications: 
26 

27 

28 

29 

30 

31 

Eight years engineering experience, including three years as a Senior Engineer B, or 
equivalent. 

Must possess and maintain required certifications. 

32 Required Education: 
33 

34 B.S. degree in engineering, or equivalent. 
35 

36 Training Type/Amount: 
37 

38 

39 

40 

41 

42 

43 

Hazardous waste management personnel receive the core training discussed in H-1 a 
and H-1b(1). 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Senior Engineer B 
Environmental Compliance and Support 

3 

4 

Hazardous Waste Management Duties: 5 

Samples site-generated hazardous waste and prepares samples for shipment. s 

Reviews analytical results for samples of site-generated waste and prepares 7 

hazardous waste profiles for off-site disposal. a 

Inventories supplies at spill control stations. 9 

Conducts inspections and prepares inventories of satellite accumulation areas and 10 

the hazardous waste staging area. 11 

Maintains records of analyses of site-generated hazardous waste, hazardous waste 12 

inventories, inspection results, and manifests for site-generated and received waste. 13 

Supervises subordinates who sample site-generated hazardous waste and who 14 

inventory and inspect site-generated hazardous waste management facilities. 15 

Required Skills, Experience, and Qualifications: 16 

Five years engineering experience, including three years as an engineer, or 17 

equivalent. 1s 

Must possess and maintain required certifications. 19 

Required Education: 20 

S.S. degree in engineering, or equivalent. 21 

Training Type/Amount: 22 

Hazardous waste management personnel receive the core training discussed in H-1 a 23 

andH-1b(1). 24 
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WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 

5 Position Title: Associate Scientist 
6 Environmental Compliance and Support 
7 

8 Hazardous Waste Management Duties: 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Samples site-generated hazardous waste and prepares samples for shipment. 

Reviews analytical results for samples of site-generated waste and prepares 
hazardous waste profiles for off-site disposal. 

Inventories supplies at spill control stations. 

Conducts inspections and prepares inventories of satellite accumulation areas and 
the hazardous waste staging area. 

Maintains records of analyses of site-generated hazardous waste, hazardous waste 
inventories, inspection results, and manifests for site-generated and received waste. 

Supervises subordinates who sample site-generated hazardous waste and who 
inventory and inspect site-generated hazardous waste management facilities. 

26 Required Skills, Experience, and Qualifications: 
27 

28 

29 

Must possess and maintain required certifications. 

30 Required Education: 
31 

32 

33 

B.S. degree, or equivalent. 

34 Training Type/Amount: 
35 

36 Hazardous waste management personnel receive the core training discussed in H-1 a 
37 and H-1 b(1 ). 
38 

39 

40 

41 

H2-76 01/12/96 8:57am 



WIPP RCRA Part B Permit Application 
DOENJIPP 91-005 

Revision 5.2 

WASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTION 2 

Position Title: Engineering Technician 
Environmental Compliance and Support 

3 

4 

Hazardous Waste Management Duties: s 

Assists in taking samples for site-generated hazardous waste analysis and prepares s 
samples for shipment. 7 

Assists in inspections and preparing inventories of satellite accumulation areas and s 
the hazardous waste staging area. 9 

Packs site-generated hazardous waste. 10 

Required Skills, Experience, and Qualifications: 11 

Three years related technical experience with a minimum of two years as a Technical 12 

Assistant, or equivalent, with one year computer applications experience using PC 13 

language. 14 

Must possess and maintain required certifications. 15 

Required Education: 16 

Academic or vocational high school graduate, or equivalent, with courses in algebra, 17 

geometry, trigonometry, and chemistry or physics, plus one year of college-level 1s 
courses in engineering, algebra, business, and computer science, or equivalent. 19 

Training Type/Amount: 20 

Hazardous waste management personnel receive the core training discussed in H-1 a 21 

andH-1b(1). 22 

Additiqf'l~U9P ~'*cifiC trairiing will be reqq~t~g]:~f :!n~ms!IHll9Pti!!~]il!lt:wa:::~ml 23 

aM99Qf §f·@~gitj§tj~t tt.tt~ning may be· .• d¢t.~!t1sanrl99.§!::rt!!a:::1t::J.t§':~n~lfi!!~I 24 

tr@m~s mg§r9~ 25 
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'.\'ASTE ISOLATION PILOT PLANT 
RCRA HAZARDOUS \\'ASTE MANAGEMENT JOB DESCRIPTION 

5 PesitieA Title: SeRior ScieRtist B 
6 

7 

ERviroRmeRtal ARalysis aRd CompliaRce 

8 Mazardeus Waste MaAagemeAt Duties; 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Samples site geRerated hazardoYs waste aRd prepare samples fer shipmeRt. 

Reviews aRalytical resbllts fer samples of site geRerated waste aRd prepares 
hazardobls waste profiles fer off site disposal. 

MaiRtaiRs recerds of aRalyses of site geRerated hazardobls waste, hazardobls waste 
iRveRtories, iRspectioR resbllts, and manifests fer site generated and received waste. 

Sb1peP1ises sblbordinates who sample site generated hazardobls waste and who 
iR'Jentory aRd inspect site generated hazardobls waste maRagement facilities. 

21 Required Skills, l!xperieAse, aAd QualifisatieAs; 
22 

23 

24 

25 

Five years relative experieRce, or eqblivaleRt. Mblst possess am:I maiRtaiR reqblired 
certificatioRs. 

26 Required l!dusatieR: 
27 

28 Q.S. iR science, or eqbli1JaleRt. 
29 

30 TraiRiAg TypetAmeuAti 
31 

32 

33 

34 

35 

36 

Hazardobls waste management person Rel receive the core traiRiRg discblssed iR H 1 a 
aRd H 1 b(1). 
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25 

26 1. lnttiat•ex?ti!rj~!it'.>h arid :91~~fance bY tftg P92yf!~~~m::::rf!~it,iEi!im9t1= 
27 2. 
28 3. 
29 

Examinea atict ¢feared iftjrj(J;tlty by•• tft~••Pq¢(Jp!tj!Pl.fiM~~aE!!im9ts 
Addmon~F~~~~: pulrnon~rY function test, cillr@t~p:·=~!i!i§:::t!~l:"li!l:::~v! :lie~ ·!tMs 

30 4. 
31 

screen. 
Encourag~ ~§•maintain·•.good medicaI'·•and•••en¥~ii!~ EPP!l!leni: 

32 Compliance with thefeqyirements oUhe SERP. 
33 

34 Current knowled~ f~g~rqjrjg_·fire response and pre~nt!9!'.Miill!im:J:il!P!iii~J:]¥.jl:!Jl~IQi\I 
35 materials response. 
36 

31 Required Education: 
38 

39 tf igl't ~tho91 ()ipl~J'l'l~ §t ~94ll/~l~pt 
40 

41 
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10 
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16 

18 

20 
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24 2. 
25 3. 
26 

27 4. 
28 
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.:-,·=·=··g*!ffi!A~ @pg ¢f~~-irttiYi!!Y PY'm!:''@~f:YP!lml~::::r1:1i~ar:111&1r~ 
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Eri¢q~ri9~ J9 trjaif"ltiit.itj gppdfoedi¢2!Filtlg PPY~19,~:::#&nl!~1pij~ 

29 Compnance ~ttry ~m~ ~9l~rne~,9f P'te SERP. 
30 

31 Current knowle(iij~ r~iiii99 m~i~Lresponse af'ld n~!ii!iil::m!tiem:_::miimii!;: 
32 

33 Required Education: 
34 

35 High School ptpt~m! c?:r ~q(Jiy~lent 
36 
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21 
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26 3. 
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29 
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34 

35 Required Education: 
36 

37 1-UghSchorif Diptartj~ §r ~qyivalent 
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6 µ~It~~·~:: 
7 

s ~rn~~:•:Qf1le1:::M!f1a1 
9 

10 

11 

12 

13 

14 

15 

16 

17 

cniel••=omce?Wamei.f::Dwii~ 

18 

19 

20 

~~~r?Pni!pj~g:t,!r•::e?!i~~~:·:~~~ @m9P~~i:!!j!l::•::m:::·i~1110:•:::!111i~n•:•:·~~1=:::•!Y!nt]?:E:1n 
evaciJ~dnl 

21 

22 Required Skins; EX"rierice~ and=~fli~ificjlti()tij± 
23 

24 

25 

26 

27 

28 

29 

30 

current knp~~ge of emergency evacuation~; §~@g~rjg m,9::1mam:@l@~;:::119:::~1l! 
site emerge;rygy notificatio~ ~ystem. 

31 

32 Required Education: 
33 

34 

35 

36 

37 Training Type/Amount: 
38 

39 

40 

41 

42 

Annual tiftesher ·····.·.··.·.·.·.·.·.·.·.··-:-·-:-;..-:::-:-:·:·:·:-:-:.;-:-·.·-:.·.·.·.·.·.· 
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6 ~~nrm~~~: 
7 

8 1m•••l!irtm 
9 

10 

11 O.ffi&UWarileiEDUtiesI 
12 

13 

14 

15 

16 

17 

18 

19 

!llillMllEllt!N::m1blID:::1!11ID 
BE!@s:::1t.t,Blel•••IR::::11111~•11 

~iEYBEiB) 

20 Regilireas~1~1~~ ~Rl?~~ce}~~~ g~tlfi~a~i~~~~ 
21 

22 

23 

24 

25 

26 

27 

28 

Current••kVa•dge of •emf!mency••·evacu~iofl!i\\!19.19i'i:ln9:':@~gqmJy:j@iiii\::199:lni 
site errl~rj~tjey notifiC:atigrj system. 

29 

30 Required Education: 
31 

32 

33 

High $9h99f:Pi?Joma or equivalent 

34 

35 Training Tyl)etAmo(lnt 
36 

31 Offi~ VV@tqgft.Tr~iriiqg (SA,F·632) 
38 

39 Annu#itrgft~~ti~r 
40 
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COURSE: 

PREREQUISITES: 

SCOPE: 

TYPE: 

OBJECTIVES: 

REF'RESHER: 

SAFe30 Respiratory PFBtestion 
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Meaisal Physisal, P1:1IR=1onary l=1:1nstion Test ana soR=ipletea Medisal 3 

Eval1:1ation FORTI 4 

The instF1:1stor will provide training on the hazards, protestive R=1eas1:1F9s, 5 

and FBg1:1latory FBE11:1ireR=ients for oetaining and 1:1sing an AtR=iosphere s 
S1:1pplying Respirator ana air p1:1rifying respirators. 1 

ClassFBoR=i and prastisal s 

Upon soR=ipletion of this so1:1rse, tl:le st1:1dent will aeR=ionstrate a knowledge 9 

of the 'PJIPP Respiratory Protestion PFBgraR=i; respiratory health hazards; 10 

and types of respiratory pretestion ae·:ises, their proper 1:1se, ana 11 

liR=iitations. 12 

Mastery of the teRTiinal o9jestive will ee deR=ionstrated ey ssoring 80 13 

persent or higher on the so1:1rse e>EaR=iination. 14 

Ann1:1ally 15 
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24 9. Cleaning, m~~n!i!'l~nce.>afiq ~torag~ !fffl~p~a,!iB 
25 1 o. Emergef1e¥ ~P:?ol'\s cactiori~~rwtoyf!'~ ~h99@!~J,iin!a:·m1:v::1J9i!m!it•~:-t:m9mim::1m11 
26 wearing a(e§piff:l~pr). 
27 11. Demonsfratiofigf:yarious·respirators inci1Udingti9~nm¥!09.\li::iyii::~:m~!!P:ffiit?ti:rn§9@::gf 
28 operation,iris~(#.ion criteria •• donning the respi@~Pf~ ~~:ml~il!•:::?t:ittl:~!§R~llri\ 
29 12. The students ~~ evaluated on the particular r~!P:J,~~qi·:~P.~!:::P.IU:::1am:::nt:B~~!:•!ni:!i 
30 completion ()f a ~db Performance Measure. 
31 

32 

33 TYPE: > 9tassroom and practical 
34 

35 OBJECTtVES: ( {.Jpon completion of this course;~hiit99ittii~iii!mli!tri!]~i!gi\M~i 
36 ofthe WIPP Respiratory Proteg~tj mfli@ffif!f~!l!l:!:gil:~tP,:\:QR~fg!j 
37 'r1CI types .•• of respiratory.·•. Pffl~~9t~99l:\!:!#:~¥llfi~[\i~lim•::::::mi@ifi\\Iyl@~:::::::1,09 
38 limitations .. 
39 

40 

41 

42 
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SCOPE: 
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OBJECTIVES: 

REFRESHER: 

WIPP RCRA Part B Permit Application 
DOE.WIPP 91-005 

Revision 5.2 

SAF631 - Respiratory Protection - Practical 

1 Hour 

SAF630 

2 

3 

The instructor will demonstrate the inspection, donning, and removal of 4 

a specific respiratory device. 5 

Classroom and practical s 

Upon completion of this course the student will be able to inspect, don, 1 

operate, and remove the device in accordance with established s 
standards. s 

Mastery of the terminal objective will be demonstrated by acceptable 10 

performance on the practical examination. 11 

Annually 12 
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COURSE: 
2 

3 DURATION: 
4 

s PREREQUISITES: 
6 

1 SCOPE: 
8 

9 

10 

11 

12 

13 TYPE: 
14 

1s OBJECTIVES: 
16 

17 

18 

19 

20 

21 

22 REFRESHER: 
23 

SAF632 - Office Warden Training 

2 Hours 

Office Warden status 

The instructor will state the responsibilities and duties of an office 
warden. 

This course meets the requirements for training new office wardens, in 
addition to serving as a refresher for existing office wardens. 

Classroom 

Upon completion of this course, the student will be able to state the 
responsibilities and duties of the office warden in accordance with the 
emergency plan and procedures. 

Mastery of the terminal objective will be demonstrated by scoring 
80 percent or higher on the course examination. 

Annually 
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PREREQUISITES: 

SCOPE: 

TYPE: 

OBJECTIVES: 

REFRESHER: 

CLASS SIZE: 

SAF621 - Firefighter Level I 

40 Hours 
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2 

Assignment/activities as Emergency Response Team or Fire 3 

8rigaete§Mit.ll.!'Jt~!m member 4 

The instructor will provide training in accordance with the NFPA 1001 5 

Fire Fighter Level I Training requirements and the New Mexico 6 

Firefighter's Training Academy. 1 

Classroom and practical a 

Upon completion of this course, the student will be able to identify 9 

hazards, perform fire ground operations, and demonstrate basic 10 

proficiency with emergency preparedness readiness requirements for the 11 

WIPP. 12 

Mastery of the terminal objective will be demonstrated by completing the 13 

course according to the New Mexico Firefighter's Training Academy 14 

standards. 15 

Continuing training is required. 16 

12 17 
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COURSE: GET1 Qa Genei:al Empleyee Ti:aining 
2 

3 DURATION: 16 Heurs 
4 

5 PREREQUISITES: Nene 
6 

7 SCOPE: 
8 

9 

10 

11 TYPE: 
12 

13 OBJECTIVES: 
14 

15 

16 

17 

18 

19 

20 REF'RESHER 
21 

Provides all new plant empleyees (\A/ID, DOE, and subcentracters) with 
essential knewledge te perferm theirjeb safely and efficiently per 2Q CF'R 
1Q1Q.12Q. 

Classroem plus surface and undergreune teur 

Upen cempletien ef this ceurse, the stueent will be able te perferm their 
jeb in a safe manner and will have an everview ef the site erganizatien 
and descriptien. 

Mastery ef the terminal ebjesti>Je v:ill be demensti:atee by · scering 8Q 
percent er higher en the ceurse e>Eaminatien. 

GET 1 Q5A annually 
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1 COURSE: GET1 Qa,A. General EFRpleyee Training Ann1::1al RefFesher 
2 

3 DURATION: NIA 
4 

s PREREQUISITES: GET 1Qa 
6 

1 SCOPE: Ann1::1al General EFRpleyee Training Refresher per 2Q CFR 1Q10.120. 
8 

s TYPE: Self paoed Med1::1le 
10 

11 OBJECTIVES: 
12 

13 

14 

15 

16 

17 

18 

19 REFRESHER 
20 

Oejeoti¥es are stated at the eeginning ef eaoh FRed1::1le, inol1::1ding 
seo1::1rity, radielegioal easios, general safety, hazard 
GeFRFRl::lniGatiens, eleedeeme pathegens, hearing proteGtien, and 
OSl=IA'RCRA. 

Mastery ef the teFFRinal eB,jeGti¥e will ee deFRenstrated ey &Gering 
80 peroent er higher en the FRed1::1le exaFRinatien. 

Ann1::1ally 
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COURSli: H\l\l\IV101 HJ\Y>,ROOUS WASTE \IVORKER 
2 

3 DUR.A.TION: 24 HOURS 
4 

5 PREREQUISITES: SAFe30 AND SAFe31 
6 

1 SCOPE: 
8 

9 

10 

11 

Provides traiRiRg iR hai:ardoys waste operatioRs assosiated 'Nith site geRerated 
ha:z;ardoYs '•\!aste worker dYties. Prastisal portioR iRslydes varioYs sseRarios, 
iRSIYdiRg a joe perfoFFRaRse measyre for the yse of persoRal protestive 
eqyipmeRt. 

12 TYPE: Classroom aRd Prastisal 
13 

14 OBJECTIVES: 
15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 REFRESHER 
28 

UpoR sompletioR of this soyrse the stydeRt will ee aele to ideRtify 
hai:ards, properly respoRd to eveRts, aRd soRdYst waste haRdliRg 
astivities assordiRg to 40 CFR (RCRA), 2Q CFR (OSHA), AND \IVIPP 
prosedYres iRvolviRg mi*ed waste, as well as site geRerated hai:ardoys 
'A'aste. 

Mastery of the termiRal oejestive 'Nill ee demoRstrated ey ssoriRg 80 perseRt or 
higher oR the soyrse e*arniRatioR aRd satisfastory r:>erfoFFRaRse of the joe 
performaRse measYre. 

This soYrse replaces REP 108, Site GeRerated Hai:ardoys 'Naste 'IV-0rker; REP 
109, Mi*ed 'Nasta Worker. 

HWVV 102 reqyired as aRRYal refresher. 
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11 li9~11::::119•:•••¥in~!en':,1:::!i9!9!n'~~ 
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2s 7. Pf)f:ifi~~§tfo.n. 
26 8. Job scope planning. 
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30 

31 VI. 
32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

Satellite Accumulati6fl Areas .:75 minutes 

1. 

2. 

3. 

Purpos~ 9f~azardous waste satellite ~~i!!m9:J.l~qn::••@tM!MWIP'=t•~m!!!!fPP 
of haz~rgptjs\vaste to protect human h~~!l'i'@oP.:::~nma~•lnm!m~)· 
Key·etefij~~·•msatetlite accumulation·at!i~··1P:IP.9.J:ml•••mloln~•:P:f~9:n~!~n~~; 
1abemn9~ maximum quantities auowea~ lm~=!r!D~fil•••~'=:••m~9.S:i:i:!i~~···························· 
JnspecHtjJi••••••c:meria •inciuding ais1e'=••••spijq@i:i=jjiq!9pl)')'i~'i,f'•j•i•mijiffii.~*;j:j:i•e§jlftQli:gf 
contain~r~. ~peUingrequirement~. ct1Him!l!~i~l9tl!~::n§y!@~"M!fii:i:amms 
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SCOPE: 

TYPE: 
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1=11JVVV1Q2 l=IA1AROOUS WASTE \IVORKeR ReFReSl=leR 

l=IV\ON1Q1, Cun:ent sampletian af SAF 63Q/SAF 631 3 

Pravides refresher training in hazarciaus waste aperatians assasiated with 4 

site generated hazarciaus \\'aste warker duties. Prastical partian includes 5 

a jab performance measure and a drill. s 

Classream and Practical 1 

Upan campletian af this sauFSe the stuaent will be able ta iaentify a 
hazarcis, praperly respana ta events, ana canauct 'Naste hanaling 9 

activities acsarciing ta 4Q CFR (RCRA), 2Q CFR (OSl=IA), ANO WIPP 10 

precedures invalving miJEea waste, as vt-ell as site generates hazar:da1:1s 11 

waste. 12 

Mastery af the terminal abjective ..... m be Eiemanstratee by scaring 8Q 13 

peroent er higher an the cauFSe examinatian ana satisfactary 14 

performance af the job performance measure. 15 

This couFSe replaces REP 110, Site Generates l=lazar:daus '.'Vaste Warker 1s 

Refresher; ReP 111, Mixes \IVaste Warker Refresher. 11 

l=IVVW 102 required as annual refresher. 18 
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22 II. 
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24 
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27 

28 

29 111. 
30 

31 

32 

33 

34 IV. 
35 

36 

37 

38 

39 

41 

1. 

2. 

m11:::::::'s!q~1::I:f!iB1::::::::1!a1!sn1::l:rtr::::•:m::::::::rnine!~ns:••••:@ne::::::::9!!:::::=i::::1 
a@lif9.i~:::::::m1i~m1n:::1'=1~;,u:::11::1m1n1emnt=:::=:e1::::::101:::::::n~1t9?9i=::::::wiit! 
l!nm~ts:::sqoo1::~:::I~!!IWl~!!~!!!@mm~:::~::1.m1mm!!!n~~:::=9y::::r1Y1@ns 
m~t:mn~P1::::etti!n!!:1=:::~0.::::1mi~:11:::::1:n~::m:::1~ijP:!!~11·::~9:::::1::::e1m1141,~t 
ni~ll991:::•1~~~·:::1.¥::::11:=:y!,i::1~:1:::1@!!ii.[:§@tf:l\:l~U@:::1mil~:·:~M§P§)i 
i!!e'::tt1mgU:1:::~0•••11::::;9µ~1::::!1::::1n:=:p,¥@l!ii:]?fimiii•:•:w1Me; 

This··•maaµ1e•.descnb~~•••!ne ·. intoffi1~!1on• f0Qm~;M!n:::in1•:::!9ee!l!r:::~n!9Pim9n:::1!!1?n 
ofa MSDS. 
This ·information is t.JS8d·m.·the event t~!:~;[:rnR:t:::m1,:•::mitiff@n••P.@~i::::::m9t! 
information. than what. is included in the p~qi~J~t MeQes 

Ingredient lnformCil~ion Modute = 30 minutes 

1. This module describes the product's indfyidtj~! !tjg~i,~rj,!f:i:::{~!~!!l•P§np!q~f!~!§Oi 
and the exposure limit for each ingredient. 

Physical/Chemicaroata Module ""'30 minutes 
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EXAMPLE AUTHORIZATION CARDS 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
EMERGENCY RESPONSE TEAM MEMBER 
AUTHORIZATION CARD 

ERT-01 REV. 0 
PAGE 1OF3 

CANDIDATE:------------ COMPANY/DEPT. ---------

SOC. SEC.#------------ DATE STARTED ----------

NOTE: ALL SIGNATURES SHALL BE IN REPRODUCIBLE INK BLACK INK IS 
PREFERRED 

APPROVAL: This authorization card is approved for use. f;,6 ~k i...__ 1z_-'1-f/t; 

Manager, Emergency Management/Date 

FORMAT: This authorization card has been reviewed and meets the format requir ents in effect. 

I)./ /9 S 

GENERAL INSTRUCTIONS; 

This authorization card is to be comple~ Emergency Response Team (ERT) members prior to 
performing designated emergency respo~ivities. 

AUTHORIZATION LIMIT: This autho~ valid for 1 year. 

NOTE: All items must be completed on this autho~ card on an annual basis. 

PBEBEOUl:iiJIES: ~~ 
The fallowing Items must be verttied prior to continuing this ~lion card: 

Satisfactory Attendance Rate (0.0 - 2.6%) ~ 
Cognizant Manag ~)- Date 

Medical Clearance 
Health Services Representative Date 

Satisfactory Standing in Regular Job 
Cognizant Manager Date 

In addition: 

8 hours monthly training scheduled by the Emergency Management section commensurate with the 
duties to be performed in accordance with NFPA-600. 

As manager of the above documented regular employee, I understand the time and training requirements 
for participation on the Emergency Response Team. I approve this person to participate as a member of 
the ERT. . 

Cognizant Manager Date 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
EMERGENCY RESPONSE TEAM MEMBER 
AUTHORIZATION CARD 

BEQUIBEQ REAPING: 

1. WP 12-10, Supplemental Emergency Response Program Plan 

2. WP 12-ER, WIPP Emergency Response Procedures 

ERT-01 REV. 0 
PAGE 20F 3 

3. MP 1.22, Supplemental Emergency Response Program Management Policy 

I have read and understand the above documents and my responsibilities as an ERT member. 

Candidate Signature/Date 

BEOU!BEP mA!N!NG: 

The basic training requirements for an Emergency Response Team (ERT) member are: 

Course# 

MED-101/101A 

HWW-101/102 

HWR-101/101 A 

SAF-515/51 SA 

RAD-201 

SAF-630 

SAF-631 D 

SAF-631E 

Course Trtle 

First Aid and CPR (Annually) 
(lnitial-12 hrs.) (Refresher-8hrs.) 

Haz~s Waste Worker (Annually) 
(lnitia~rs.) (Refresher-a hrs.) 

Hazardou~e Resp. (Annually) 
(lnitial-20 hou~efresher-8 hrs.) 

Confined Space~ (Anooally) 
(lnitial-12 hrs.) (Re ~-4 hrs.) 

Rad Wrk II (Biennially) ~ 
(lnitial-24 hrs.)(Refresher -~rs.) 

Respiratory Protection (Annu~l> 
(8 hrs. ) <.1-. 
SCBA Practical (Annually) 
(1 hr.) 

Respiratory Protection Fit Test (Annually) 
(2 hrs.) 

Trajnjng Coordjnator .ca.ta 

In addition, 8 hours training monthly commensurate with duties to be pertormed. 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
EMERGENCY RESPONSE TEAM MEMBER 
AUTHORIZATION CARD 

ERT-01 REV. 0 
PAGE 30F 3 

AUTHORIZATION: 

I have completed the authorization card Prerequisites, Required Reading, and Required Training. I can 

contribute safely and effectively to emergency response activities. 

J('o 
r~~d~-i-da_t_e_S_~_n_m_u_ra-/D-a-te------~ 

~o 
Approved to Participate ---~--7-9-=~·-----------

Cognizant Mf;r~er/Date 

~o 
~ 

Acknowledgement ~ 
Manager, Emergency M~nt/Date 

This authorization has been reviewed for completeness and signature verificmion. 

Training Coordinator/Date 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
FIRST LINE INITIAL RESPONSE TEAM MEMBER 
AUTHORIZATION CARD 

FURT-01 Rev. 0 
PAGE 1OF3 

CANDIDATE: -----------~ COMPANY/DEPT. ---------

SOC. SEC.#------------ DATE STARTED ----------

NOTE: ALL SIGNATURES SHALL BE IN REPRODUCIBLE INK BLACK INK IS 
PREFERRED 

APPROVAL: This authorization card Is approved for use. I L-~-'t.l) 

Manager, Ei1nergency Management/Date 

FORMAT: This authorization card has been reviewed and meets the format requirements in effect. 

GENERAL INSTRUCTIONS; 

This authorization card is to be completed by First Line Initial Response Team (FLIRT) members prior to 
performing designated emergency response adivities. 

AUTHORIZATION LIMIT: This authorization is valid for 1 year. 

NOTE: All items must be completed ~ authorization card on an :mnual basis. 

PREREQUISITES: ~ ~ 
The fallowing Items must be verified prior to ~ this authorization card: 

Satisfadory Attendance Rate (0.0 - 2.6%) -~-~---------
Cogm"lf~anager Date 

Medical Clearance 
Date 

Satisfadory Standing in Regular Job 
Date 

In addition: 

8 hours monthly training scheduled by the Emergency Management section commensurate with the 
duties to be performed. 

As manager of the above documented regular employee, I understand the time and training requirements 
for participation on the First Line Initial Response Team. I approve this person to participate as a member 
of the FLIRT. 

Cognizant Manager Date 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
FIRST LINE INITIAL RESPONSE TEAM MEMBER 
AUTHORIZATION CARD 

REQUIRED BEADING: 

1. WP 12-10, Supplemental Emergency Response Program Plan 

2. WP 12-ER, WIPP Emergency Response Procedures 

FURT-01 Rev. 0 
PAGE20F3 

3. MP 1.22, Supplemental Emergency Response Program Management Policy 

I have read and understand the above documents and my responsibilities as a FLIRT member. 

Candidate Signature/Date 

BEQUIBEP IBA!N!NG: 

The basic training requirements for a First Line Initial Resonse Team (FLIRT) member are: 

Course# 

SAF-501/502 

ME0-101/101A 

HWW-101/102 

HWR-101/101A 

RA0-201 

SAF-515/515A 

SAF-630 

SAF-6310 

SAF-631E 

Course Title 

Inexperienced Miner Training (Annually} 
(Initial - 40 his.) (Refresher - 8 hrs.) 

First Aid and CPR (Annually) 
(Initial - 12 hrs.) (Refresher - 8 hrs.) 

&ardous Waste Worker (Annually) 
(~ - 24 hrs.) (Refresher - 8 hrs.) 

Haza~ Waste Responder (Annually) 
(Initial - 'Zrl'l::J.. ) (Refresher - 8 hrs.) 

Rad Wrk 11 (~) 
(lnitial-16hrs.)( ~her -16 hrs.) 

Confined Space Tr/dllh (Annually) 
(Initial -12 hrs.) (Refres~- a hrs.) o,. 
Respiratory Protection (An~Hy) 
(8- hrs.) '- · 

SCBA Practical (Annually) 
(1 hr.) 

Respiratory Protection Fit Test (Annually) 
(2 hrs.) 

Trajnjng Coordjnator !lam 

In addition, 8 hours training monthly commensurate with duties to be performed. 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
FIRST LINE INITIAL RESPONSE TEAM MEMBER 
AUTHORIZATION CARD 

FLIRT -01 Rev. 0 
PAGE30F3 

AUTHORIZATION: 

I have completed the authorization card Prerequisites, Required Reading, and Required Training. I can 

contribute safely and effectively to emergency response activities. 

Approved to Participate 

~andidate Signature/Date 

o~ 
Cog~anager/Date 

Acknowledgement 
0 

Manager, ~~ Managemen1/Date 

~ 
This authorization has been reviewed for completeness and signature verifica~ 

o~ 
Training Coordinator/Date ~}= 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
MINE RESCUE TEAM MEMBER 

MRT-01 Rev. 0 
PAGE 1Of3 

AUTHORIZATION CARD 

CANDIDATE: ____________ _ 
COMPANY/DEPT. ---------

SOC. SEC.#------- DATE STARTED ----
INT. __ REAUTH._ 

NOTE: ALL SIGNATURES SHALL BE IN REPRODUCIBLE INK. BLACK INK IS 
PREFERRED 

APPROVAL: This authorization card is approved for use. :gC,~ cf..- t....:- rz-'{-~5 
Manager,E ergency Management/Date 

FORMAT: This authorization card has been reviewed and meets the format re irements in effect. 

~ ~11~ 

GENERAL INSmUCTIONS; 

This authorization card is~ completed by Mine Rescue Team (MRT) members prior to performing 
designated emergency resiGJ)' activities. 

AUTHORIZATION LIMIT: "'~rization is valid for 1 year. 

N!)TE: Items marked with asterisks (")~ired for reeuthorization. 

PREREQUISITES: ~~ 
The following Items must be verified prior to contiru~Q authorization card: 

Satisfactory Attendance Rate (O.O - 2.6%) ~ 
Cognizant ager Date 

Medical Clearance 
Health Services Representative Date 

Satisfactory Standing in Regular Job 
Cognizant Manager Date 

In addition: 

8 hours monthly training scheduled by the Emergency Management section commensurate with the 
duties to be performed in accordance with 30 CFR. 

As manager of the above documented regular employee, I understand the time and training requirements 
for participation on the Mine Rescue Team. I approve this person to participate as a member of the MRT. 

Cognizant Manager Date 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
MINE RESCUE TEAM MEMBER 
AUTHORIZATION CARD 

REOUIREP REAPING: 

* 1. WP 12-1 O, Supplemental Emergency Response Program Plan 

*2. WP 12-ER, WIPP Emergency Response Procedures 

MRT-01 Rev. 0 
PAGE20F3 

*3. MP 1.22, Supplemental Emergency Response Program Management Policy 

I have read and understand the above documents and my responsibilities as an MRT member. 

Candidate Signature/Date 

REQUIRED IBAINING: 

The basic training requirements for an Mine Rescue Team (MRl) member are: 

Course# 

EOC-101 

SAF-619 

*SAF-501/502 

*MED-101/101A 

*RAD-201 

*SAF-630 

*SAF-6310 

*SAF-631 E 

Course Title 

Initial Mine Rescue Training (20 hrs) 

Compressed Gas Cylinder Safety (4 hours) 

~/11~~perienced Miner Training (Annually 
~ial-40 hrs.) (Refresher-a hrs.) 

Fi{~nd CPR (Annually) 
(Initial -~-) (Refresher - 8 hrs.) 

Rad Wrk II (~Jlially) 
(lnitial-16hrs.)(R'4~her -16 hrs.) 

Respiratory Protect~'4Annually) 
(8-hrs.) o~ 

SCBA Pradical (Anrually) ~ }-
(1 hr.) 

Respiratory Protection Fit Test (Annually} 
(2 hrs.) 

Trajnjog Coordjoator .Dam 

In addition, 8 hours training monthly commensurate with duties to be performed in accordance with 30 

CFR. 



SUPPLEMENTAL EMERGENCY RESPONSE PROGRAM 
MINE RESCUE TEAM MEMBER 

MRT-01 Rev. 0 
PAGE 30F 3 

AUTHORIZATION CARD 

AUTHORIZATION: 

I have completed the authorization card Prerequisites, Required Reading, and Required Training. I can 

contribute safely and effectively to emergency response activities. 

Approved to Participate 

Acknowledgement 

MAT Candidate Signature/Date ~o 
~~ 

~~gnizant Manager/Date 

0 
M~Emetgency Management/Date 

~ . 

~ 
This authorization has been reviewed for completeness and signatu~ication. 

o~ 
Training Coordinato~fe 



APPENDIX H4 

EXAMPLE QUALIFICATION CARDS 

AND CERTIFICATION CARDS 



WIPP OPERATIONS 
AIR INT AKE SHAFT 

M-49, REV 3 
PAGE 1 OF6 

MAINTENANCE & EMERGENCY EGRESS 
QUALIFICATION CARD 

COMPANY/DEPT: _____ INITIAL_ REQUAL_ DATE STARTED-----

NOTE: ALL SIG NA TURES AND INITIALS MUST BE IN REPRODUCIBLE INK. 
BLACK INK IS PREFERRED. 

APPROVAL: This Qualification Card is approved for use. 

FORMAT: This Qualification Card has been reviewed and meets format requ · ents in effect. 

i/a~/i 

GENERAL INSTRUcnONS: 

This Qualification Card is to be completed by all operators prior to operating this equipmen~out the 
direct supervision of a qualified operator. A Subject Matter Expert, certified to conduct ~~g and 
qualification verification, will provide the initial qualification program indoctrination_abQ. qUalification 
training. . <;:::, ~. 

All signatures must be made by an approved Subject Matter Expert. The signa .. ~~dicate the operator 
trainee has satisfactory knowledge and demonstrated the ability to perform ~

11

indicated. 
s:s 

Al items must be completed unless deletion is indicated by the associateci...~izant Manager with initials, 
date, and reason for each item deleted. ~ 

The Qualification Card is divided into the following parts: v 
A. Equipment Knowledge 
C. Personal Safety 

B. Equipment Safety 
D. Equipment Practical 

This Qualification Card will normally be retained by the uainee until completed. When completed it must 
be routed to Training for review, approval and retention. 

OUALIFICA TION LIMIT: This Qualification is valid for two years. 

REOUALIFICATION: Competency statements that must be completed during requalification are 
designated with asterisks (*). 



WIPP OPERATIONS 
AIR INTAKE SHAFf 
MAINTENANCE & EMERGENCY EGRESS 
QUALIFICATION CARD 

M-49, REV 3 
PAGE 2 OF 6 

> INDICATES A REVISION TO THE TEXT OF THE QUALIFICATION CARD FOR TBIS 
REVISION NUMBER. TBIS INDICATOR WILL BE SHOWN IN THE LEFT MARGIN, 
ADJACENT TO THE CHANGE. 

REFERENCES: 
1 
2. 
3. 
4. 

5. 

BUREAU OF MINES HOIST OPERATOR TRAINING MANUAL 
WIPP EMERGENCY RESPONSE PROCEDURE WP-12ER 
AIR INTAKE SHAFr OPERATION WP 04-H04010 
FEDERAL METAL AND NON METALLIC MINE SAFETY AND HEALTH 
REGULATIONS 30, CFR 57 
AIS SAFETY TRAINING 

>Approval for qualification 
Cognizant Manager I Date 

PREREQUISITES: NONE 

NOTE: EACH SME INVOLVED IN THE TRAINEE VALIDATION OF THIS 
QUALIFICATION CARD SHALL PRINT AND SIGN THEIR NAME ON THE 
FOLLOWING BLANKS: 

Printed Name SME Signature 

Printed Name SME Signature ::_,-., 

A. 

l. 

*2. 

*3. 

*4. 

EQUIPMENT KNOWLEDGE 

State the duties and responsibilities of the top shaft tender and 
deck operator. (Ref. 3) 

State the major components that make up the AIS hoisting 
system. (Ref. 3) 

State the bell signals used at the AIS shaft. (Ref. 3&5) 

Describe all types of communication used at the AIS shaft and 
show how they are used. (Ref.3&5) 

~ 
SME SIGNATURE I BliE 

~ 
~ 



WIPP OPERATIONS 
AIR INTAKE SHAFf 
MAINTENANCE & EMERGENCY EGRESS 
QUALIFICATION CARD 

M-49, REV 3 
PAGE30F6 

A. EQUIPMENT KNOWLEDGE cont. SME SIGNATURE I DA TE 

5. State and describe the policy regarding personnel traveling in 
the AIS shaft. (Ref. 3&5) 

*6. Describe the hoist to conveyance attachment. (Ref.1&4) 

B. EQUIPMENT SAFETY SME SIGNATURE I DA TE 

1. State the purpose of the overhead protection and when it is used. 
(Ref.3 & 5) 

*2. Describe the conditions a hoist rope should be inspected for. 
(Ref. 5) 

3. Describe the function and location of the shaft safety gates. 
(Ref 1&4) 

*4. State the materials that cannot be shipped together on the AIS 
conveyance. (Ref. 3, 4 & 5) 

5. State the normal released position of the AIS conveyance and 
who is authorized to direct a change of the released position. 
(Ref. 3&5) 

*6. Describe what actions should be taken if something in 
inadvenently falls down the shaft. (Ref.3&4) 

7. 

8. 

9. 

10. 

11. 

State the sequence and personnel you should contact in case 
of an emergency. (Ref.3) 

Describe the function and location of the track limit switches. 
(Ref.3) 

State how often the collar door oiler should be checked. 
(Ref.3) 

Describe the purpose of the collar doors and the operation of 
them. (Ref.3&5) 

Describe the secondary egress methods arc available at the AIS. 
(Ref.3&5) 



WIPP OPERATIONS 
AIR INTAKE SHAFT 
MAINTENANCE & ElMERGENCY EG~S 
QUALIFICATION CARD 

M-49, REV 3 
PAGE40F6 

c. PEBSONAL SAFETY SME SIGNATURE I DA TE 

*1. State safety related items that must be worn for underground 
access and galloway work. (Ref.3, 4 & 5) 

2. State who is authori:zed to operate the bells and collar doors at 
the AIS shaft. (Ref.3, 4 & 5) 

*3. State the minimum distance in the safety zone at the shaft 
collar and in the shaft station area in which unauthori:zed 
personnel are allow while work is being conducted. (Ref.3&5) -----------

4. State the distance smoking is permitted around the shaft area. 
(Ref.3) 

5. State the safety equipment needed for a shaft inspection. 
(Ref.4) 

*6. State the safety actions during an emergency egress before 
mantrips are performed, that should be taken when the galloway 
is not at the station. (Ref.3) 

*7. State the minimum distance to the shaft that hazardous materials 
can be temporarily stored. (Ref.3) 

*8. State the personnel to be notified in case of an oversi:zed, 
awkward, or heavy load when shipping supplies. (Ref.3) 

*9. State when the collar doors should be opened and closed. 
(Ref.3&5) 

10. State when the collar should be covered and uncovered with the 
rubber mats. (Ref.3) 

11. Describe the safety precautions to be taken when working inside 
the shaft safety fence or over an open shaft. (Ref.3,4&5) 

*12. State the actions to be taken in the event of a loss of 
communications. (Ref. 3,4&5) 

*13. State the necessary steps to be taken in the event of an 
underground emergency. (Ref. 2&5) 

Cg 
=t.Y 
~ 
;] 
~ 
~ 

::::! 
~ 
a 
<!' 
~ 

' 



WIPP OPERATIONS 
AIR INTAKE SHAFI" 
MAINTENANCE & EMERGENCY EGRESS 
QUALIFICATION CARD 

M-49, REV 3 
PAGE50F6 

c. PERSONAL SAFETY cont. SME SIGNATURE /DATE 

14. State why it is important to keep smoke, flame and all toxic and 
hazardous material away from the AIS shaft. (Ref. 4) 

*15. State why it is not permissible to ship supplies together that 
can mix or cause a flammable or toxic reaction. (Ref. 4) 

* 16. State the safety precautions to take during the removal of any 
air line or cap (header). (Ref. 3) 

D. EQUIPMENT PRACTICAL 

*l. 

*2. 

3. 

4. 

Perform a preshift inspection of the conveyance and collar and 
record it in the hoist log. (Ref.3) 

Perform a preshift inspection of the station and galloway and 
record it in the hoist log. (Ref. 3&5) 

Perform the loading and off loading of supplies and personnel. 
(Ref.3) 

Perform the operation of the communication systems located 
at the AIS shaft. (Ref. 3) 

SME SIGNATURE I DATE 

*5. Perform all bell signals for conveyance and galloway use. '--

(Ref. 3) -----.=:§>~..:."--7 -----
Perform an inspection of all fire extinguishers at the collar, ~ 
station, and galloway. (Ref. 3) -...,.SQT::>)~-------

26 
Demonstrate the use of the sala-block on the galloway. (Ref.3) .... ~ .... ~ .. •---------

Demonstrate the how to open the galloway doors and guide ~ 
the conveyance through the galloway. (Ref.3) ~----------

6. 

7. 

*8. 

~ 
Demonstrate how to close the galloway doors. (Ref.3) ,£!f-

~ 
*9. 



WIPP OPERATIONS 
AIR INTAKE SHAFT 
MAINTENANCE & E:MERGENCY EGRESS 
QUALIFICATION CARD 

M-49, REV 3 
PAGE60F6 

I have read the reference materials pertaining to this equipment and understand my responsibilities as an 
operator. I have received on the job training and can operate the equipment safely and efficiently. 

Recommended for task performance. 

Approved for task performance. 

Operator Signature I Date 

~ 
~ 

Cognizant ~rvisor I Date 

$S 
~ 

This qualification 
Coordinator. 

. #nt Manager I Daie 

card has been reviewed for co~pletenes~ signature verification by a Training 

~ 
'\- Training Coordinator I Date 



WIPP OPERATIONS 
FORKLIFT (DIESEL AND ELECTRIC) 
EQUIPMENT OPERATOR QUALll'ICATION CARD 

A-02 REV. S 
PAGE 1of5 

CANDIDATE, __________ CO:MPANY/DEPr •. _______ _ 

SOC.SEC.#: ______ DATE STARTED: ____ INT._REQUAL_ 

NOTE: ALL SIGNATURES MUST BE IN REPRODUCIBLE INK. BLACK INK IS 
PBEFERRED. 

APPROVAL: This Qualification Card is approved for use. 

. ,;,, /;~ 
r I Date 

FORMAT: This Qualification Card has been reviewed and meets format requirements in 
effect. 

~ !) 7/11 /'i5 
TnliJ1irtg anager I Date 

GENERAL INSTRUCTIONS: 

This Qualification Card is to be completed by all operators prior to operating this equipment 
without the direct supervision of a qualified operator. Signatures must be made by an approved 
Subject Matter Expert. The signatures indicate that the operator trainee has demonstrated 
satisfactory knowledge and shown the ability to perform the task indicated. 

All items must be completed unless deletion is indicated by the Department ~anager with 
initials, date, and reason for each item deleted. ~ 

The Qualification Card is divided into the following parts: § 
A. Equipment Knowledge B. Equipme~~ety 
C. Equipment Maintenance C. Equipme~tical 

':::Y 
This card will normally be retained by the operator trainee until coihteted. When completed, 
it must be routed to training for review, approval, and retention. ~· 

~ 
OUALIFICA TION LIMIT: This Qualification Card is valid &o years. 

~ 
REOUALIFICATION: Competency statements that must be completed during re-qualifications 
are designated with asterisks(*). 

PREREQUISITES: NONE 

> Indicates a revision to the text of the qualification card. This indicator will be shown in the 
left margin, adjacent to the change. 



WIPP OPERATIONS 
FORKLIFf (DIESEL AND ELECTRIC) 
EQUIPMENT OPERATOR QUALIFICATION CARD 

REQUIRED READING: Dupont Forklift Safety Program. 

1. Initial Qualification only: (MS-02150 Unit I.Il,II and IV). 

2. Regualification only: (MS-02151). 

I have read the required material. 

A-02 REV. 5 
PAGE2of5 

Trainee Signature I Date 

REFERENCES: 
> 1. DOE Hoist and Rigging Manual 

2. 30 CFR Part 57 
3. O&M Manuals 
4. Dupont Forklift Operator Training Course 

(MS-02150 Unit I.II.ill and IV) and (MS-02151) 

NOTE: EACH SME INVOLVED IN THE TRAINEE VALIDATION OF THIS 
OUALIFICATION CARD SHALL PRINT AND SIGN THEIR NAME ON 
THE FOLLOWING BLANKS: 

Printed name S:ME signature 

Printed name S:ME signature 

A. EQUIPMENT KNOWLEDGE: SME SIGNATURE I DA TE 

1. 

* 2. 

* 3. 

* 4. 

5. 

* 6. 

Describe the use and/or purpose of forklift 
controls. (Ref. 3) 

Explain the proper fork/tine position when 
inserting forks into a pallet. ( Ref.1 & 3) 

' ,. 

State how a forklift shall be parked when left _ ..# 
unattended, Surface and Underground. (Ref.3 ~J ---------

,<::::) 
State where to fmd the load limit of a fo~7t 
(Ref.3) ~ 

Explain what indication you would ge~ the 
forklift was overloaded. (Ref.4) 

State the correct height for carrying an average 
load on a pallet. (Ref.4) 



WIPP OPERATIONS 
FORKLIFf (DIESEL AND ELECTRIC) 
EQUIPMENT OPERATOR QUALIFICATION CARD 

A. 

* 

* 

* 

B. 

* 

* 

* 

EOUIPMENI KNOWLEDGE cont. 

7. Explain the Stability Triangle and the effects 
when transporting a load. (Ref. 3 & 4) 

8. State the precautions for transporting a load which 
obstructs your view. (Ref. 4) 

9. State what you would inspect prior to driving a 
forklift into a truck or trailer. (Ref. 3) 

10. Explain the hazards of transporting long loads 
of 20 foot or more. (Ref.3 & 4) 

11. Explain what the load center means.( Ref. 4) 

12. State who has the right of way on surface and 
underground. (Ref.3 & 4) 

13. Describe the proper shut down procedure for an 
Electric and Diesel Forklift. (Ref. 3 & 4) 

EQUIP:MENT SAFETY: 

1. 

2. 

Describe the personnel safety equipment required 
to operate the forklift. (Ref.3 & 4) 

State the precautions when operating in the 
underground and surface. (Ref. 4) 

3. State the precautions to be used when operating 
on inclines or soft surfaces. (Ref. 1 & 3) 

4. State why the speed of the forklift is important 
(Ref. 1 & 3) 

A-02 REV. 5 
PAGE 3 of 5 

SME SIGNATURE I DATE 

SME SIGNATURE I DATE 

* 5. 
~ 

State the precautions to be used when operating ~ '>) 
near overhead power lines on surface and "'~'-

* 

underground. (Ref. 1,2,3 & 4) ~ .:y. ~ 
Explain why a forklift would be dow~ and 

how a operator would recogni7.e ~~f. 1 & 2) ----------

Explain why overhead protection :r required on 

6. 

7. 
all forklifts. (Ref.I & 4) 



WIPP OPERATIONS A-02 REV. S 
PAGE 4 of S FORKLIFT (DIESEL AND ELECTRIC) 

EQUIPMENT OPERATOR QUALIFICATION CARD 

B. 

* 

* 

* 

>* 

>* 

c. 

* 

EQUIPMENT SAFETY cont. 

8. State who is cognizant of the forklift and why. 
(Ref.I & 2) 

9. Explain the proper procedure for driving up and 
down a ramp, with a load. (Ref. 4) 

10. State who can give a emergency stop to the 
operator. (Ref. 1,2,3 & 4) 

11. State what safety equipment is required for a 
forklift. (Ref. 1,3 & 4) 

12. 

13. 

Explain "Critical Lift" and when it would be 
used. (Ref. 1) 

State the additional requirements necessary when 
performing critical lifts. (Ref. 1) 

EQUIPMENT MAINTENANCE: 

Sl\m SIGNATI1RE I DATE 

Sl\m SIGNATURE I DATE 

1. Perform the following pre-shift checks and activities 
on the Electric and Diesel Forklift. (Ref. 3) 

a. Fuel level (Diesel only) 

b. Engine oil level (Diesel only) 

c. Hydraulic oil level 

d. Operation of lights 

e. Inspect drive train for leaks or loose parts ' 

f. Inspect Fire extinguisher or system 

'~~·~~~~~~~~ 
~~ 

Ensure the service brakes are operational ,~'Y 

g. Inspect tire condition/inflation/lug nuts 

h. 

Inspect the charging system (Elec~ ~ 
~ . 

Complete the operators check list (~lectric and 

i. 

j. 
Diesel) 



WIPP OPERATIONS 
FORKLIFT (DIESEL AND ELECTRIC) 
EQUIP:MENT OPERATOR QUALIFICATION CARD 

c. EQUIPMENT MAINTENANCE cont. 

k. Explain proper action to take if discrepancies 
were found. 

1. Explain the proper method for disconnecting and 
connecting the battery charger (Electric only) 

D. EQUIPMENT PRACTICAL: 

* 

* 

* 

* 

1. 

2. 

3. 

4. 

Demonstrate the ability to properly stack a load. 
(Ref. 4) 

Demonstrate the ability to transport a load in the 
underground or surface. (Ref. 1 ;l and 4) 

Demonstrate the ability to start-up and shut-down 
the diesel and electric forklift. (Ref. 3) 

Demonstrate the ability to position a load by hand 
signals from another operator. (Ref. 1) 

5. Demonstrate the ability to secure a long load to 
the Forklift. (Ref. 1) 

6. Demonstrate the ability to maneuver a long load 
with the Forklift. (Ref.1 and 4) 

A-02 REV. 5 
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SME SIGNATlJRE I DATE 

SME SIGNATURE I DATE 

I have read the required reading material and understand my responsibilities as an operator of this 
equipment. I have received on-the-job-training and can operate this equipment safely and 
efficiently. 

Recommended for equipment operation. 
Trainee Signature ~te .... '/ 'O...J 

... ~~ 
Cogniz~@p'ervisor I Date 

'~~ 
Approved for equipment operation. 

C:~t Manager I Date 
~,:J 

This qualification card has been reviewed for compJ~ss and signature verification by the 
Training Coordinator. '\ ':> 

Training Coordinator I Date 



WIPP Operations 
Facility Operations Roving Watch 
Certification Card Signature Record 
(LCO Related Certification) 

FO-RW-1 Rev. 3 
Page 1 of 27 

CANDIDATE: DATE STARTED:-----------
~----~-~--~-

SOCIAL SECURITY NUMBER: __________ _ 

Note: All signatures must be in reproducible ink. Black Ink is preferred. 

APPROVAL: 

FORMAT: 

This Certification Card Signature Record has been reviewed and meets the content 
requirements for certification as Facility Operations Roving Watch. This Certification 

Card Signature Record is a~ =.. /"f1-z/if"I 
~~an-a_g_e_r ___ ___,--=D~a~te ........ 

This Certification Card Signature Record has been reviewed and meets format requirements 

in effect. ~ 

~ 
JO/ PJ/9'( 

~ase 
-b 
~ 

GENERAL INSTRUCTIONS: ~ 
~ 

This Certification Card Signature Record is used by Facility Operations Per el certifying as 
Facility Operations Roving Watch and is a prerequisite for Facility Opera· Shift Supervisor 
(FO-FOSS-3) and Centeral Monitoring Room Operator (FO-CMR0-2) c · cation. All the 
requirements of the Certification Card Signature Record must be comp by the candidate prior to 
performing any operations without the direct supervision of a certifi~rator. 

"" OUALIFICA TION REQUIREMENTS: 

Qualification/Requalification requirements, definitions and levels of performance are identified in the 
Certification Card Guide Book (FO-GUIDE-1). 



FO-RW-1 Rev. 3 
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SME/O.JTE SIGNATURE RECORD: 

Note: All SME/OJTE or FOSS personnel involved in the certification, using this signature 
record, must print and sign their name below: 

Printed Name SME/OJTE Signature 

('~ 
-0 

.............. ,_ 
~ 
~-

·"' ~· 
_';:Y 

- ·- ~ 
,'-.) 

,....~..:::-

' 
. -,-. 

----

-

-
-
-

"' \ 
I 

i '" 

'* 

I 

' 



I. CLASSROOM INSTRUCTION 

FO-RW-1 Rev. 3 
Page 3 of 27 

These classroom training courses are required prior to completion of this certification card. 

Requirement Course Number Course Name Training Coordinator Date 

A. ELC-103 Electrical Safety 

B. SAF-630 Respiratory Protection 

c. SAF-501 or Inexperienced Miner (40 Hr) 
SAF-502 or U/G Refresher 

D. TRG-293 Subject Matter Expert/ 
On-the-Job Training 

E. OPS-115 Conduct of Shift Operations 



II. SYSTEM KNOWLEDGE REQUIREMENTS 

FO-RW-1 Re"·· 3 
Page 4."'' • (1 

To complete the signature requirements below, the SME will certify, by oral examination, that the 
candidate possesses the knowledge to satisfy the competencies included under each subsection. The 
knowledge requirements for each item are found in section III-RW of the Certification Card Guide 
Book (FO-GUIDE-1). 

A. HVAC 

Requirement Description SME Signature Date '] 
1. Safety Building HV AC --
2. Pumphouse HV AC --
3. Warehouse HV AC 

4. Guard and Security Building HV AC 

5. Engineering Building HV AC --
6. Training Building HV AC 

"-· I 

7. Exhaust Filter Building HV AC 
' ·~--

8. Support Building HV AC - Zone 1 -
9. Support Building HVAC - Zone 2 -
10. Support Building HV AC - Zone 3 -
11. Support Building HVAC - Zone 4 -
12. Support Building HVAC - Zone 5 ,C:: 

') 
I 

13. Support Building HV AC - Zone 6 .»v -
14. Waste Handling Building HV AC - Zone 1 .. ~'>' 
15. Waste Handling Building HV AC - Zone 2 

... ·._;, 

)'~ 

16. Waste Handling Building HV AC - Zone 4 ,~S.,'T ... 
17. TMF HVAC 

~~ 
("".. 

18. Seismic Monitoring 
.. , ......... 

/"~ 
\ 



B. High Voltage Electrical 

Requirement Description SME Signature 

1. Diesel Generators 

2. Area Substations and Switchgear 

3. Plant and Utility Substations 

C. Low Voltage Electrical 

Requirement Description SME Signature 

1. Motor Control Centers and Distribution 
Panels 

2. Uninterruptible Power Supplies 

D. Underground Ventilation/Filtration 

Requirement Description SME Signature 

All Underground Ventilation/Filtration System 

E. Fire Detection, Fire Suppression and Domestic Water 

...._,. 
Requirement Description SME Signatu~',.)' 

1. Fire pumps and piping systems ~ 

"'' ,'....:_~ 

2. Domestic Water system 
~ 

"~ 
''-......) 

3. Fire suppression and detection ~~ 
.-.. 

FO-RW-1 Rev. 3 
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Date 

Date 

Date 

Date 
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F. Compressed Air 

Requirement Description SME Signature Date 

1. Site Air Systems 

2. Ingersoll-Rand XLE-NL Compressors 

3. Sullair Air Compressors 

4. Ingersoll-Rand Type 30 Compressors 

5. Curtis-Toledo Model ES-20 Compressor 

6. Hankison Model 801600 Refrigerated Air 
Dryer 

7. Hankison Series DH-2100 Regenerative 
Air Dryer 

8. PALL AMLOC-DHA Regenerative Air 
Dryer 

G. Chilled Water 

Requirement Description SME Signature Date 

1. Basic Refrigeration Concepts 

' 2. Main Plant Chiller r·,) 

3. Engineering Building Chiller '-v 
'·' 4. Safety Building Chiller ~ -~ 

H. Central Monitoring System 

Requirement Description 
ti.I;• ....... 

SME .Signature Date 

All Plant Communications Equipment 
, ....... 

/~ ~ ...... 4 ..... 

'" ' 



I. Waste Water Treatment 

Requirement Description 

All Wastewater Treatment System 

J. Plant Vacuum 

IR . I equuement I Description 

I All I Plant Vacuum System 

SME Signature 

I SME Signature 

FO-RW-1 Rev. 3 
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Date 

I Date 
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III. SYSTEM OPERATION PRACTICAL EVALUATION 

To complete the signature requirements for the competencies listed below, the SME or OJTE will 
certify, by personal observation, that the candidate possesses the skills and knowledge necessary to 
safely perform the tasks listed below. The SME or OJTE retain full responsibility and 
accountability for the proper operation of plant equipment. The specific requirements for each item 
are found in Section IV-RW of the Certification Card Guide Book (FO-GUIDE-1). 

A. HVAC 

Requirement Performance Description OJTE Signature Date 
Level 

101.1 p Start up TMF HV AC 

101.2 p Shut down TMF HV AC 

101.3 p Start up G&SB HV AC 

101.4 p Shut down G&SB HV AC 

101.5 p Start up Engineering Building HV AC 

101.6 p Shut down Engineering Building 
HVAC 

,1' 

101.7 p Start up Safety Building HV AC 

101.8 p Shut down Safety Building HV AC 

101.9 p Start up Exhaust Filter Building 
HVAC 

101.10 p Shut down Exhaust Filter Building 
'>-.. \:)/ 

HVAC -\) .. , 
4"'-· . ' 

101.11 p Start up Support Building Zone 1, 4 '?> :::· 
or 5 HVAC {j 

... ~'-' 

101.12 p Shut down Support Building Zone 1, 4 ~~ .... 
,-....:,, .... 

or 5 HVAC ·"" .... 

101.13 p Start up Support Building Zone 2 
~;;; fo. 

,\':) 
HVAC .... ~ 

/"-,, 
,._ 
\ 



Requirement Performance 
Level 

101.14 p 

101.15 p 

101.16 p 

101.17 p 

101.18 p 

101.19 p 

101.20 p 

101.21 p 

101.22 p 

101.23 p 

101.24 p 

101.25 PS 

101.26 PS 

101.27 PS 

Description 

Shut down Support Building Zone 2 
HVAC 

Start up Support Building Zone 3 
HVAC 

Shut down Support Building Zone 3 
HVAC 

Start up Support Building Zone 6 
HVAC 

Shut down Support Building Zone 6 
HVAC 

Start up Waste Handling Building 
Zone 1 HVAC 

Shut down Waste Handling Building 
Zone 1 HVAC 

Start up Waste Handling Building 
Zone 2 HVAC 

Shut down Waste Handlin~ Building 
Zone 2 HVAC 

Start up Waste Handling Building 
Zone 2 HV AC in Manual 

Shut down Waste Handling Building 
Zone 2 HV AC in Manual 

Start up Waste Handling Building 
Zone 4 HVAC 

Shut down Waste Handling Building 
Zone 4 HVAC 

Start up Waste Handling Building 
Zone 4 HV AC in Manual 

FO-RW-1 Rev. 3 
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OJTE Signature Date 

. 
..c:.) 
-b .... 

....... ~ 
":!) 
~ 

- --
~ .s:';. . 

~~ 
(" ...,...) 

'""~· r-...., 
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~¢1 ·~ .i 

OJTE Signature 
.... 

Requirement Performance Description Date I 
l 

Level I 
101.28 PS Shut down Waste Handling Building 

Zone 4 HV AC in Manual 

101.29 PS Set up the Surface Seismic Monitoring 
System for operation 

101.30 PS Perform the quarterly Surface Seismic 
Monitoring System Operational Test 

B. High Voltage Electrical 

Requirement Performance Description OJTE Signature Date 
Level 

102.1 s Perform a site-wide power outage and 
recovery. 

102.2 p Perform a local startup of a diesel 
generator. ,, 

102.3 p Record one set of operating logs on an "' 

operating l lOOkW diesel generator. 

102.4 p Perform a local shutdown of a diesel 
generator 

102.5 p Refuel the diesel generator fuel tank. 

102.6 p Line up a diesel generator for remote 53~ start from the CMR. 
""""' -102.7 PS Open and close a load interrupter $:-

switch in area Substation 2, 4, 6 :?) 
or 7. ~. ' 

~ .... 
102.8 PS Open and close area Substation 1 load ~ 

interrupter switch 25P-SW15/1Bl. -~ 
102.9 PS Open and close the Exhaust Shaft ~ 

~ 
Feeder Vacuum interrupter Switch ~'2 25P-VIS 15/ l l both electrically and I~ 
mechanical! y. 

.... _ 
' -



Requirement Performance Description 
Level 

102.10 p Rack out a 13.8 kV breaker to the test 
position and full disconnect position. 

102.11 p Rack in a 13.8 kV breaker to the 
connect position. 

102.12 p Locally open and shut a 13.8 kV 
breaker. 

102.13 p Rack out a 480 volt substation breaker 
to the test position and full disconnect 
position. 

102.14 p Rack in a 480 volt substation breaker 
to the connect position. 

102.15 p Manually open and shut a 480 volt 
substation breaker. 

102.16 PS Rack out a 4160 volt substation 7 
breaker to the test position and full 
disconnect position. 

102.17 PS Rack in a 4160 volt substation 7 
breaker to the connect position. 

102.18 PS Manually open and shut a 4160 volt 
substation 7 breaker. 

102.19 p Conduct monthly load testing of either 
# 1 or #2 Diesel Generator 

102.20 PS Demonstrate the ability to properly 
affix lockout devices to the listed 
electrical system components. 

FO-RW-1 Rev. 3 
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OJTE Signature 

..., 
:ld. 
~ - · .. 

~ 
~ 
~ ,. --.,~ 

~ 
.s~-
~ 

'- . ' ·-' -·· t<.:_ 
.... , . 

' 

Date 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~_.,~ 

C. Low Voltage Electrical 

Requirement Performance Description OJTE Signature Date 
Level 

103.1 PS Start up the Support Building 
Uninterruptible Power Supply 
(45P-UPS03/l). 

103.2 PS Shut down the Support Building 
Uninterruptible Power Supply 
(45P-UPS03/1). 

103.3 p Transfer the Support Building 
Uninterruptible Power Supply 
( 45P-UPS03/ 1) from the normal 
source to alternate source and back to 
normal source. 

103.4 p Start up an RTE Deltec Series 7000 
UPS. 

103.5 p Shut down an RTE Deltec Series 7000 
UPS. .0 

103.6 p Start up an RTE Deltec Model c--: I ,-_, 
DSU 1820 UPS. ---~ 

' ~~'---'.< 

103.7 p Shut down an RTE Deltec Model '.,..~--

DSU 1820 UPS. ... ~~/ 
-·' . -

102.8 p Start up a Best Model FC-SkV A UPS. 
....-..... 
~ _..,, 

"'-..... 
103.9 p Shut down a Best Model FC-5kV A 

,, 
,<::':;': 

UPS. ~ ' ·, .......... -
;::...~;._ 

"-: 

' 

I 



D. Underground Ventilation and Filtration 

Requirement Performance Description 
Level 

104.1 PS Open and close a HEPA filter damper, 
413-HD-056 or 413-HD-057 manually. 

104.2 PS Open and close a bypass damper, 
413-HD-056-03A or 413-HD-056-03B 
manually. 

104.3 s Open and close the isolation damper, 
413-HD-056-004 manually. 

104.4 p Control the vortex for a 41-B-860 fan 
or a 41-B-700 fan manually at the 
vortex controller. 

104.5 p Control the vortex for a 41-B-860 fan 
or a 41-B-700 fan in manual valve at 
control panel 413-CP-307-0lA. 

104.6 p Select a 41-B-860 fan for filtration. 

104.7 p Start the UVFS in alternate mode. 

104.8 PS Start the UVFS in normal mode. 

104.9 p Start the UVFS in minimum 
ventilation mode. 

104.10 p Start the UVFS in reduced ventilation 
mode. 

104.11 p Start the UVFS in filtration mode. 

104.12 p Stop the UVFS in filtration mode. 

104.13 PS Open and close a set of HEP A Filter 
dampers, 41-B-856 or 41-B-857, from .. 
control panel 413-CP-056-01. .~:, 

-
104.14 p Open and close the bypass dampers, 

\ 

413-HD-056-03A-and 
413-HD-056-03B from control panel 
413-CP-056-01. 

104.15 PS Open and close the isolation damper, 
413-HD-056-004 from control panel 
413-CP-056-01. 

FO-RW-1 Rev. 3 
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OJTE Signature Date 

.. 
('' ' 

'- . .) ...... •, 

""' '"._. 
-~ 

.."'::\.:! 
,,:"-
c~ 

--~':j 
... '.::! ..... 

0 ... 
" 



E. Fire Detection, Fire Suppression and Domestic Water 

Requirement Performance Description 
Level 

105.1 p Perform an emergency startup of the 
electric fire pump. 

105.2 p Shut down the electric fire pump. 

105.3 p Perform an emergency startup of the 
diesel fire pump. 

105.4 p Shut down the diesel fire pump. 

105.5 p Shift domestic water pumps. 

105.6 PS Start up the hypochlorinator system. 

105.7 p Perform a free chlorine analysis on the 
Domestic Water System. 

105.8 p Fill the domestic water storage tanks. 

105.9 p Test the Chloroguard alarm. 

F. Compressed Air 

Requirement Performance Description 
Level 

106.1 p Start a 200 HP Ingersoll-Rand air 
compressor in Lead or Lag. 

106.2 p Shut down a 200 HP Ingersoll-Rand 
air compressor. 

106.3 PS Cool down a 200 HP Ingersoll-Rand 
air compressor. 

106.4 PS Adjust the Ingersoll-Rand air 
compressor cooling water package 
discharge pressure-.. 

106.5 PS Change out the Ingersoll-Rand air 
compressor cooling water package 
filter. 

106.6 p Start the Hankison Regenerative 
Desiccant air dryer. 

FO·RW-1 Rev. 3 
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OJTE Signature Date 

I 

•• 

OJTE Signature Date 

';>....,. 
I~ ..... / .. ·~ - '• 

'"':'----:. 
°j)' 

("._ 

--o 
~ 

~-·--.. 
'~ 

/s' 
If(..:.:• 

_$::J 
"-.. ... 
~ 

' 

'\ 

i 
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Requirement Performance Description 
Level 

OJTE Signature Date 

106.8 p 

106.9 p 

106.10 p 

106.11 p 

106.12 p 

106.13 p 

106.14 p 

106.15 p 

106.16 s 

106.17 s 

106.18 p 

106.19 p 

Start the 125HP or 150HP Sullair air 
compressor. 

Shut down the 125HP or 150HP 
Sullair air compressor. 

Start the Hankison Refrigerated air 
dryer. 

Shut down the Hankison Refrigerated 
air dryer. 

Start a Type 30 Ingersoll-Rand air 
compressor in Auto at the Support 
Building or Exhaust Filter Building. 

Shut down a Type 30 Ingersoll-Rand 
air compressor at the Support Building 
or Exhaust Filter Building. 

Start a PALL AMLOC-DHA 
regenerative air dryer at the Waste 
Handling Building, Support Building 
or Exhaust Filter Building. 

Shut down a PALL AMLOC DHA 
regenerative air dryer at the Waste 
Handling Building, Support Building 
or Exhaust Filter Building. 

Demonstrate the actions required by a 
Loss of Site Air Pressure casualty. 

Demonstrate the actions for an 
automatic air compressor shutdown. 

Start the Curtis-Toledo Model ES-20 
air compressor. 

<II.:. ..... 
Shut down the Curtis-Toledo Model C' .. 
ES-20 air compressor. A""c:_...J 

' 



G. Chilled Water 

Requirement Performance Description 
Level 

107.1 p Pressurize the Chilled Water 
Expansion tanks. 

107.2 PS Restore the water service filter to 
normal operation. 

107.3 p Start a chilled water pump. 

107.4 p Shut down a chilled water pump. 

107.5 p Start a main plant chiller. 

107.6 p Shut down a main plant chiller. 

107.8 p Start the Engineering Building chilled 
water system. 

107.9 p Shut down the Engineering Building 
chilled water system. 

107.10 p Start the Safety Building chilled water 
system. 

107.11 p Shut down the Safety Buildi.1g chilled 
water system. -

H. Central Monitoring System 

Requirement Performance Descn:Jtion 
Level 

108.1 p Contact the CMR, Engineer or FOSS 
from a 2-way radio. ,c 

FO-RW-1 Rev. 3 
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OJTE Signature Date 

' i 

i 

i 
., 

,·-, -
O~gnature Date 
,20 
~ ...... 

::-y 
'\ -



I. Waste Water Treatment System 

Requirement Performance Description 
Level 

109.1 p Perform daily operation of the Sewage 
Lagoon. 

109.2 p Perform a clean-up of the Sewage 
Lagoon area. 

J. Plant Vacuum 

Requirement Performance Description 
Level 

110.1 p Start up a Busch Vacuum pump. 

110.2 p Shut down a Busch Vacuum pump. 

110.3 p Switch Lead and Lag vacuum pumps. 

110.4 PS Add oil to a Busch Vacuum pump. 

K. Basic Operator Skills 

1. Mechanical Skills 

Requirement Performance Description 
Level 

001.1 p Open a gate or globe manual valve. 

001.2 p Shut a gate or globe manual valve. 

001.3 p Open a ball valve. 

001.4 p Shut a ball valve. 

001.5 p Open a pinch valve. 

001.6 p Shut a pinch valve: 

001.7 p Open a post indicator valve. 

001.8 p Shut a post indicator valve. 

001.9 p Test an HV AC or Ingersoll-Rand 
alarm annunciator panel. 
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OJTE Signature Date 

OJTE Signature Date 

OJTE Signature., Date 
~I 

-~ 



2. Electrical Skills 

Requirement Performance Description 
Level 

002.1 PS Open the main breaker at any of the 
Waste Handling Building, Support 
Building, Exhaust Filter Building, 
Guard and Security Building or 
Pumphouse Motor Control Centers. 

002.2 PS Close the main breaker at any of the 
Waste Handling Building, Support 
Building, Exhaust Filter Building, 
Guard and Security Building or 
Pumphouse Motor Control Centers. 

002.3 PS Open the main breaker at the 
Warehouse Motor Control Center. 

002.4 PS Shut the main breaker at the 
Warehouse Motor Control Center. 

002.5 p Open a 480 volt breaker at any of the 
Waste Handling Building, Support 
Building, Exhaust Filter Building, 
Guard and Security Building or 
Pumphouse Motor Control Centers. 

002.6 p Shut a 480 volt breaker at any of the 
Waste Handling Building, Support 
Building, Exhaust Filter Building, 
Guard and Security Building or 
Pumphouse Motor Control Centers. 

002.7 p Open a 480 volt breaker at the 
Warehouse Motor Control Center. 

002.8 p Shut a 480 volt breaker at the 
Warehouse Motor Control Center. 

~ 

1'~ 

'"'·· 
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Requirement Performance Description 
Level 

002.9 p Open a 480 volt distribution panel 
breaker at the Support Building or the 
Waste Handling Building. 

002.10 p Close a 480 volt distribution panel 
breaker at the Support Building or the 
Waste Handling Building. 

002.11 p Open a circuit breaker in any low 
voltage lighting or distribution panel. 

002.12 p Close a circuit breaker in any low 
voltage lighting or distribution panel. 

002.13 p Open a plant component local 
disconnect. 

002.14 p Shut a plant component local 
disconnect. 

............. 
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IV. INTEGRATED PLANT KNOWLEDGE REQUIREMENTS 

FO-RW-1 Rev. 3 
Page 20 of 27 

Knowledge requirements for each item in this section can be found in section V-RW of the 
Certification Card Guide Book (FO-GUIDE-1). 

A. Equipment Tagout/Lockout (OPS-OlT) 

Certification Guide Book Requirements FOSS Signature Date 

ms 1 through 17 
, 

I 

B. Temporary Plant Modification (OPS-02T) 

Certification Guide Book Requirements FOSS Signature Date 

Items 1 through 15 

C. Work Authorization 

Certification Guide Book Requirements FOSS Signature Date 

1 through 6 

D. Conduct of Operations 

Certification Guide Book Requirements Crew Supervisor Signature - ·Date 
"- '~ 

Items 1 through 20 -c 
·' -.... ·-

E. Control of Operator Aids 

.......... 
Certification Guide Book Requirements FOSS Signature ,:'~.i Date 

~ 

...... ,_. 
Items 1 and 2 ~···-. 

' --

F. Facility Emergencies 

·-
Certification Guide Book Requirements FOSS Signature Date 

Items 1 through 6 

! 

-



G. System Lineups 

Certification Guide Book Requirements FOSS Signature 

Items 1 through 6 

.,,. . . ,_( 
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V. INIEGRA TED PLANT PRACTICAL EVALUATION 
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Specific Requirements for each item can be found in section VI-RW of the Certification Card 
Guide Book (FO-GUIDE-1) 

A. Equipment Tagout/Lockout (OPS-OlT) 

Requirement Performance Description FOSS Signature Date 
Level 

: 

111.1 p Prepare an equipment Tagout/Lockout 
Control Sheet and the associated tags 
for a facility component as specified 
by the evaluator. 

111.2 p After the equipment tagout/lockout has 
been authorized, place the 
tagout/lockout on the specified 
component. Record the log serial 
number from block 3 of the 
Tagout/Lockout Record Sheet: 

I 

111.3 p Remove the equipment tagout/lockout ' - ) 

that was placed in practical 
--0 

•, 
' ....... 

requirement 111.2. """"-"-~ " .... 

111.4 p Perform a tagout/lockout audit. The '>-~). 
-~J 

evaluator Will annotate "Audit ~-;.., 
~~, 

completed for training of [Candidate's ~ 
name]" on the tagout index. ,.~Y 

~ ............. ,;.,,, 



B. Temporary Plant Modification (OPS-02T) 

Requirement Performance Description 
Level 

112.1 p Given specific information for placing 
a TPM on a plant component, prepare 
a TPM Control Record Form. 
TPM description· 

112.2 p Perform a TPM Control Record Form 
audit. The evaluator Will annotate 
"Audit completed for training of 
[Candidate's name]" on the TPM 
Control Record Form. 

c. Work Authorization 

Requirement Performance Description 
Level 

113.1 p Initiate an Action Request. 
Record the Action Request Number: 
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D. Conduct of Operations 

Requirement Performance Description 
Level 

114.1 p Demonstrate proper communications 
techniques during face-to-face and 
radio communication. 

l 14.2a p Complete one set of Facility 
Operations logs on a graveyard shift. 

114.2b p Complete one set of Facility 
Operations logs on a day shift. 

114.3 p Maintain the Roving Watch narrative 
log during one shift, either graveyard 
shift or day shift. 

114.4 p Perform a tour of the WIPP surface 
facilities. 

114.5 p Perform an oncoming Roving Watch 
turnover. 

114.6 p Perform an off-going Roving Watch 
turnover. 
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E. Facility Emergencies 

Requirement Performance Description 
Level 

115.1 s Demonstrate the response required by 
the Roving Watch for the listed facility 
emergencies. 

F. System Lineups 

Requirement Performance Description 
Level 

116.1 p Perform a system lineup as the 
Positioner. If this requirement is 
being performed as a training 
evolution only, the evaluator will 
provide a partial lineup for completion 
of the practical requirement. If this 
requirement is being performed to 
meet a procedure frequency, the 
candidate will initial the POSIT block 
of the lineup and the evaluator will 
counter-initial the POSIT block. Both 
the candidate and the evaluator will fill 
out positioner blocks on the lineup 
cover sheet. 
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G. Watchstanding Requirements 

Requirement Performance Description 
Level 

117.1 p Under instruction Roving Watch, 
graveyard shift . 

117.2 p Under instruction Roving Watch, 
graveyard shift . 

117.3 p Under instruction Roving Watch, day 
shift . (Monday-Friday) 

117.4 p Under instruction Roving Watch, day 
shift . (Monday-Friday) 

117.5 p Under instruction Roving Watch, any 
shift. 

117.6 p Under instruction Roving Watch, any 
shift. 
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VI. CERTIFICA TIQN 

A. I have read and understand the materials required for Facility Operations Roving 
Watch certification, including Tagout/Lockout Technician, Temporary Plant 
Modification Control Technician and Facility Operations Standing Instructions. I 
have received on-the-job training on the equipment operated by the Facility 
Operations Roving Watch and administrative procedures governing Operations. I 
understand my responsibilities as a Facility Operations Roving Watch and can 
perform the duties of this position.~ 

candidate's Signature 

B. The candidate's Certification Card has been reviewed for completeness. The 
candidate has been interviewed and is recommended for an Oral Certification 
Examination Board. 

Crew Supervisor 

Date 

Date 

C. The signature below certifies that the candidate has satisfactorily completed an Oral 
Certification Examination Board for Facility Operations Roving Watch and On-the-Job 
Training Evaluator. (The minimum board membership will consist of a Facility 
Operations Shift Supervisor, a cross-crew Roving Watch and a Training Coordinator.) 

' , .. 
,,._. 
--y 

Facility operauons Shift Supervisot' Date 
.., • ..:u , .... . , 

$:) 
D. The candidate is certified as a Facility Operations Roving Watch, in;plPding 

Tagout/Lockout Technician and Temporary Plant Modification C~l Technician. 

"' ... ,: 
\'-, -.:-

Facility operattons -~ 
Manager or designee £;) 

,,.. ........ 
"';-· 

' 

Date 

E. This Certification Card has been reviewed for completeness and signature verification 
by a Training Coordinator. 

Trammg Coordinator Date 
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APPROVAL: This Certification Card Guide book has been reviewed and meets the content 
requirements for certification and recertification as Facility Operations Shift 
Supervisor, Central Monitoring Room Operator, Facility Operations Roving 
Watch, Underground Facility Engineer and Underground Roving Watch. This 
Certification Card Guide Book is approved for use. 

~ =a lt{JPi ~4lltYSManager 

FORMAT: This Certification Card Guide Book has been reviewed and meets format requirements in 
effect. 
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This Certification Card Guide Book is to be utilized by all Facility Operations Personnel certifying as 
Facility Operations Shift Supervisor, Central Monitoring Room Operator, Facility Operations Roving 
Watch, Underground Roving Watch and Underground Facility Engineer. This Certification Card Guide 
Book represents the minimum knowledge and competency requirements for INITIAL AND BIENNIAL 
QUALIFICATION and CERTIFICATION. All the requirements of the applicable initial Certification 
Card Signature Record Form must be completed by the candidate prior to operating any equipment or 
performing any operating evolutions without the direct supervision of a certified operator. 

Training requirements should be conducted and signed by individuals who are certified or appointed to 
the level required on the signature block contained in the Certification Card Signature Record Form. 
These include, but are not limited to: 

ON-IBE-JOB TRAINING EVALUATOR (OJTE): - A certified operator who has satisfactorily 
completed an oral examination on the performance of on-the-job training. 

SUBJECT MA TIER EXPERT (SME) - A certified operator who has been designated by letter and 
satisfactorily completed an oral examination on the designated system or equipment and the performance 
of on-the-job training. Operators certified as SME may also sign an OJTE training requirement. 

CENTRAL MONITORING ROOM OPERA TOR (CMRO) - Any individual certified to operate the 
systems contained in the Central Monitoring Room. 

FACILITY OPERATIONS SHIFT SUPERVISOR (FOSS) - Any crew supervisor or shift engineer 
who has completed certification as a Facility Operations Shift Supervisor. The FOSS is the senior 
authorizing supervisor for equipment tagout/lockout and temporary plant modification for Facility 
Operations. 

UNDERGROUND FACILITY ENGINEER (UFE) - Any crew supervisor or any shift_engineer who 
has completed certification as an Underground Facility Engineer. The UFE is the authorizing 
supervisor for equipment tagout/lockout and temporary plant modification for the ~ri'derground facility . . '/ .. y·J 
CRE~ SUPERVISOR (Crew Supv.) - The member of management appo~Q.~clt'ci supervise a Facility 

Operauons crew. .' \$·,:>' 
FACILITY OPERATIONS MANAGER (FOM) - The member ofJn~ement appointed to direct the 
Facility Operations section. ,""" ... ~~..., . 

,~ 
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All practical requirements should be completed to the indicated level of performance. Levels of 
performance are as follows: 

PERFORM (P) - All aspects of the practical requirement will be performed in accordance with the 
designated procedure(s). 

SIMULA TE (S) - The practical requirement should be walked through in the field using the procedure: 
and discussing the desired reaction and indication(s) expected as would be seen if the procedure were 
being performed. 

OBSERVE (0) - The candidate should watch all aspects of the requirement being performed by a 
certified operator discussing the desired reaction(s) and indication(s) as they are observed. 

DISCUSS (D) - The candidate should discuss all aspects of the requirement including desired 
reaction(s) and indication(s). A discuss may be completed in a training area. 

Where multiple levels of performance are indicated for a practical requirement, the goal of the 
candidate and evaluator is to complete the highest level possible. The level achieved may be limited by 
equipment status, facility conditions, or compliance modes. The hierarchy of levels of performance, 
from highest to lowest, are perform, simulate, observe, discuss. The evaluator will circle the level 
performance achieved on the practical requirement. 

If the indicated level of performance for a requirement cannot be achieved, the highest level achievable: 
should be indicated. The Facility Operations Manager or designated alternate will approve the change 
and initial, date, and note the reason the level of performance cannot be achieved. 

If a requirements must be deleted, the signature block should be marked with the word "DELETED" 
and the Facility Operations Manager or designated alternate will initial, date, and note the reason for 
the deletion. 

If the Facility Operations Shift Supervisor candidate is currently certified as a Facility Operations 
Roving Watch and Central Monitoring Room Operator, only the Certification Card Signature Record 
Form for the Facility Operations Shift Supervisor is to be completed. Facility Operati,pn·~_Shift 
Supervisor candidates not certified as Facility Operations Roving Watch and Central\l;{onitoring Room 
Operator must complete the sections of the Central Monitoring Room Operator a$l<!)'Facility Operations 
Roving Watch signature records identified on the signature record FO-FOSS-~~~ 

..... ~~ 
If the Underground Facility Engineer candidate is currently certified as ~j>llClerground Roving Watch, 

- only the Certification Card Signature Record Form fO!the Underground'Facility Engineer is to be 
completed. Underground Facility Engineer candidates not certifie;9. as_-.bnderground Roving Watch must 
complete the sections of Underground Roving Watch signature recQ.rds identified on the signature record 
FO-UFE-5. ' 



This Certification Card Guide Book is divided into the following sections: 

I. References 
II. Classroom Requirements 
III. System Knowledge Requirements 
IV. System Operation Practical Evaluation Requirements 
V. Integrated Plant Knowledge Requirements 
VI. Integrated Plant Practical Evaluation Requirements 
VII. Certification 
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Section II requirements may be completed at any time prior to certification. Section m requirements 
must be complete prior to the candidate working on Section V or VI requirements. Prior to the 
candidate working on the System Operation Practical Evaluation Requirements for a specific system in 
Section IV, all knowledge requirements for that system in Section III must be completed. Prior to the 
candidate working on the Integrated Plant Practical Evaluation Requirements for a specific topic in 
Section VI, all knowledge requirements for that topic in Section V must be completed. 

For candidates certifying as Facility Operations Shift Supervisor or Underground Facility Engineer, 
similar sections of subordinate cards (eg: FO-RW-1, FO-CMR0-2 or FO-UGRW-4) may be performed 
concurrently. A candidate must complete the requirements of Section m in ill assigned cards, however 
prior to working on ~ Section V or VI requirements. 

The applicable Certification Card Signature Records should be retained by the Facility Operations watch 
stander candidate until completed. When completed, all forms must be routed to the Technical Training 
Group for review, validation and retention. 

Indicators ( > ) will be listed in the left margin to identify changes in requirements or revisions to the 
text. Since this is a complete revision, no ( >) indicators will be indicated. 

' r·< ~ 
The Facility Operations Shift Supervisor Certification Card Signature Record (FO-fjJSS-3) contains the 
qualification requirements for OPS-01 (Lockout/Tagout Authorizing SupervisorJ;:.PPS-02 (Temporary 
Plant Modification Authorizing Supervisor) and P-37 (Person-in-Charge). U~'Completion of 
FO-FOSS-3, specific qualification for OPS-01, OPS-02 and P-37 will not~uired nor indicated on 
the training record printout. ~~ 

The Facility Operations Shift Supervisor Recertification Card Signatute)l~ord Form (FO-FOSS-3R) 
contains the biennial requalification requirements for OPS-01 (LockoUtrragout Authorizing Supervisor), 
OPS-02 (Temporary Plant Modification Authorizing Supervisor) ~~P-37 (Person-in-Charge). 

Az' 
'\-
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The Facility Operations Roving Watch Certification Card Signature Record (FO-RW-1) contains the 
qualification requirements for OPS-OlT (Lockout/Tagout Technician) and OPS-02T (Temporary Plant 
Modification Technician). Upon completion of FO-RW-1, specific qualification for OPS-OlT and 
OPS-02T will not be required nor indicated on the training record printout. 

The Facility Operations Roving Watch Recertification Card Signature Record Form (FO-RW-lR) 
contains the biennial requalification requirements for OPS-OlT (Lockout/Tagout Technician) and 
OPS-02T (Temporary Plant Modification Technician). 

The Underground Facility Engineer Certification Card Signature Record (FO-UFE-5) contains the 
qualification requirements for OPS-01 (Lockout/Tagout Authorizing Supervisor) and OPS-02 
(Temporary Plant Modification Authorizing Supervisor). Upon completion of FO-UFE-5, specific 
qualification for OPS-01 and OPS-02 will not be required nor indicated on the training record printout .. 

The Underground Facility Engineer Recertification Card Signature Record Form (FO-UFE-5R) contains 
the biennial requalification requirements for OPS-01 (Lockout/Tagout Authorizing Supervisor) and 
OPS-02 (Temporary Plant Modification Authorizing Supervisor). 

The Underground Roving Watch Certification Card Signature Record (FO-UGRW-4) contains the 
qualification requirements for OPS-01 T (Lockout/Tagout Technician) and OPS-02T (Temporary Plr " 
Modification Technician). Upon completion of FO-UGRW-4, specific qualification for OPS-OlT, . 
OPS-02T will not be required nor indicated on the training record printout. 

The Facility Operations Roving Watch Recertification Card Signature Record Form (FO-UGRW-4R) 
contains the biennial requalification requirements for OPS-OlT (Lockout/Tagout Technician) and OPS·· 
02T (Temporary Plant Modification Technician). 

QUALIFICATION LIMIT: The qualifications contained in this Certification program are valid 
for two years. Extension of certification is achieved by completion 
of recertification cards FO-RW-lR, FO-CMR0-2R, FO-FOSS-3R, 
FO-UGRW-4R or FO-UFE-5R as applicable. 

ENTRY LEVEL REOUJREMENTS: 
... .. , 

r-._'>~'::'. 

1. 

2. 

,, -, 

FOSS and Underground Facility Engineer candidates must be rec~'''~ by the 
Facility Operations Manager for certification as Facility Operatio "ft Supervisor or 
Underground Facility Engineer to include Tagout/Lockout AutQ,~ ng Supervisor, 
Temporary Plant Modification Cognizant Operations Superv~<k:'altd Person-in-Charge 
(FOSS candidates only). ·- ~~ 

A.' 

CMRO candidates must have current Roving Watch certi)~tion in accordance with 
FO-RW-1. 
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30. 

WP 04-HVOl, WHB HVAC System (SIM) 
WP 04-HV02, WHB HV AC System (SIM) 
WP 04-HV03, Support Building HVAC System (SIM) 
WP 04-HV04, Exhaust Filter Building HV AC System (SIM) 
WP 04-HV05, Building 456 HVAC (SIM) 
WP 04-HV05. Emergency Safety and Health Building HV AC (SIM) 
WP 04-HV05, Warehouse Building 453 HVAC (SIM) 
WP 04-HV06, Auxiliary Warehouse and Vehicle Service Building HV AC (SIM) 
WP 04-HV06, Engineering Building HV AC (SIM) 
WP 04-HV06, Guard and Security Building 458 HV AC (SIM) 
WP 04-EM1301, Seismic Monitoring System Operation. 
WP 04-EM1602, Quarterly Operational Test of Surface Seismic Monitoring 
System. 
WP 04-HVlOOl, Waste Handling Building, Mechanical Equipment Room HVAC 
(Zone 1). 
WP 04-HV1021, Waste Handling Building, CH Area HVAC (Zone 2) 
WP 04-HV1041, Waste Handling Building, Zone 3 (Waste Hoist Tower) HVAC. 
WP 04-HV1061, Waste Handling Building, RH Area HVAC. 
WP 04-HV1081, TRUPACT Maintenance Facility HVAC. 
WP 04-HVllOl, Support Building, Zone 1 (First Floor Office Area West End) 
HVAC. 
WP 04-HVll 16, Support Building, Zone 2 (Health Physics Lab Area) HV AC. 
WP 04-HVl 131, Support Building, Zone 3 (Change Rooms and First Floor Office 
Area East End) HVAC. r~>> 
WP 04-HVl 146, Support Building, Zone 4 (Second Floor offi_fl Area West End) 
HVAC. ..,".::~ 
WP 04-HV1161, Support Building, Zone 5 (Second Fl~_5,0ffice Area East End) 
HV AC. ,.:::fj 
WP 04-HVl 176, Support Building, CMR and Cal L:8fi1i1V AC (Zone 6) 
WP 04-HV1201, Exhaust Filter_j!uilding HV AC.~ 
WP 04-HV1301, Guard and Security Building, ~C Operation. 
WP 04-HV1306, Safety and Emergency Serv~'iJuilding, HV AC Operation. 
WP 04-HV1316, Engineering Building, ff'<A'e> System Operation. 
WP 04-HV2021, Waste Handling Buildi~~H Area HVAC (Zone 2) (AO) Fire. 
WP 04-HV2022, Waste Handling Building, CH Area HV AC (Zone 2) (AO) 
Tornado. 



31. 

32. 

33. 
34. 
35. 

36. 

37. 

38. 
39. 

40. 

41. 
42. 
43. 

44. 

45. 

46. 

47. 

48. 
49. 
50. 
51. 
52. 
53. 
54. 

55. 

56. 

57. 
58. 

FO-GUIDE-1 Rev. 1 
Section I. Page 2 of 21 

WP 04-HV2023, Waste Handling Building, CH Area HV AC (Zone 2) (AO) 
Seismic Event. 
WP 04-HV2024, Waste Handling Building, CH Area HV AC (Zone 2) (AO) 
Backup Power. 
WP 04-HV2025, Loss of CH Area Differential Pressures (AO). 
WP 04-HV2061, Waste Handling Building, RH Area HV AC (Zone 4) (AO) Fire. 
WP 04-HV2062, Waste Handling Building, RH Area HV AC (Zone 4) (AO) 
Tornado. 
WP 04-HV2063, Waste Handling Building, RH Area HV AC (Zone 4) (AO) 
Seismic Event. 
WP 04-HV2064, Waste Handling Building, RH Area HV AC (Zone 4) (AO) 
Backup Power. 
WP 04-HV2065, Loss of RH Area Differential Pressures (AO). 
WP 04-HV2176, Support Building (SB) Central Monitoring Room (CMR) and 
Computer Room (Zone 6)(A0) Halon Discharge. 
WP 04-HV4001, 411-CP-063-16, Waste Handling Building, Mechanical 
Equipment Room HV AC Control Panel Alarm Response. 
WP 04-HV4021, 411-CP-052-13, CH Area HVAC 812/816 Train (AR) 
WP 04-HV4022, 411-CP-052-14, CH Area HVAC 813/817 Train (AR) 
WP 04-HV4025, 41 l-CP-052-15, Waste Handling Building, Battery Exhaust 
(AR). 
WP 04-HV4061, 411-CP-058-17, Hot Cell AHU 41-B-807 Control Panel Alar 
Response. 
WP 04-HV4062, 411-CP-051-10, RH Waste Area HVAC 803/805 Train Alarm 
Response. 
WP 04-HV4063, 411-CP-051-11, RH Waste Area HVAC 804/806 Train Alarm 
Response. 
WP 04-HV4064, 411-CP-051-12, RH Waste Area HVAC Hot Cell Exhaust Fans 
Alarm Response. 
WP 04-HV4081, TRUPACT Maintenance Facility, HVAC Alarm Response. 
WP 04-HV4101, Personnel Offices (Zone l)(AR). 
WP 04-HV4116, Support Building, Zone 2 Alarm Response. 
WP 04-HV4131, Support Building, Zone 3 Alarm Response. 
WP 04-HV4146, Support Building, Zone 4 Alarm Response. ,C.:· . 
WP 04-HV4161, Support Building Administrative Area (Zone'S) HVAC (AR) 

'' WP 04-HV4176. 411-CP-056-36, CMR and Instrument Sh.Qp~~HV AC Control 
Panel Alarm Response. ...., \:.'.~;>' 
WP 04-HV4177, 451-LP-056-40, Instrument Shop, ~~rature Control Cabinet 
Alarm Response. ..~~..,. 
WP 04-HV4178, 451-LP-056-39~ CMR/Compute! .Room Temperature/Humidity 
Control Cabinet Alarm Response. ..~:-:._, 
WP 04-HV4201, Exhaust Filter Building HVAC Panel 413-CP-067-02 (AR). 
WP 12-ER4910, Earthquake/Seismic Response. 

.'-
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WIPP Drawings 
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41-B-001-W, Waste Handling Building 411, CH Area HVAC, Piping and 
Instrument Diagram, Sheets 1, 2 and 3. 
41-B-003-W, Exhaust Filter Building 413, HV AC System Piping and Instrument 
Diagram, Sheets 1 and 2. 
41-F-051-014, Waste Handling Building, RH Area HV AC, Piping and Instrument 
Diagram. 
41-H-151-014, RH Area HVAC Control Logic Diagram, Sheet I of 2. 
41-H-152-014, CH Area HVAC Control Logic Diagram, ·sheet 1 of2. 
41-H-158-014, RH Area HV AC Control Logic Diagram, Sheet 2 of 2. 
41-H-159-014, CH Area HVAC Control Logic Diagram, Sheet 2 of 2. 
41-H-163-014, Mechanical Equipment Room HVAC, Control Logic Diagram. 
41-H-167-019, HVAC Control Logic Diagram. 
41-H-351-014, RH and CH Areas HV AC, Instrument Loop Diagram. 
41-H-352-014, RH and CH Areas HVAC, Instrument Loop Diagram. 
41-H-367-019, HVAC System Instrument Loop Diagram. 
45-B-051-W, Support Building 451 Administrative Area Zone 1 HVAC Piping and 
Instrument Diagram. 
45-B-052-W, Support Building 451 Zone 3 HVAC Piping and Instrument Diagram 
45-B-053-W, Support Building 451 Administrative Area Zone 2 HVAC Piping and 
Instrument Diagram. 
45-B-054-W, Support Building 451 Administration Area Zone 4 HV AC Piping 
and Instrument Diagram. 
45-B-055-W, Support Building 451 Admir.istration Area Zone 5 HVAC Piping 
and Instrument Diagram. 
45-B-056-W, Support Building 451 CMR and Instrument Shop Zone 6 HVAC 
Piping and Instrument Diagram. 
45-F-007-010, Water Pumphouse, HVAC System, Flow Diagram. 
45-F-020-008, HV AC System, Air Flow Diagram. 
45-F-053-014, Laboratory Areas HV AC, Piping and Instrument Diagram. 
45-F-057-W, Water Pumphouse, HVAC System, Piping and Instrument Diagram. 
45-F-058-012, HVAC System, Piping and Instrument Diagram. 
45-H-051-Wl, Support Building 451 Administrative Area Zone 1 HVAC 
Instrument Loop Diagram. 
45-H-051-W2, Support Building 451 Administrative Area Zone 1 HVAC 
Instrument Loop Diagram. 
45-H-052-Wl, Support Building 451 Locker Room Zone 3 Area HVAC 
Instrument Loop Diagram. .... ·5 2',, 
45-H-052-W2, Support Building..451 Locker Room Zone 3 Area·HV1\C 
Instrument Loop Diagram. ~" 
45-H-054-Wl, Sup~rt Building 451 Administrative Area,~ 4 HVAC 
Instrument Loop Diagram. -.<_~ 
45-H-054-W2, Support Building 451 Adininistrativ~~~ Zone 4 HV AC 
Instrument Loop Diagram. ~ 
45-H-055-Wl & W2, Support Building 451 Ac:lfiliiustrative Area Zone 5 HVAC ..... ''..J 
Instrument Loop Diagram. ,~-,>"' 
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45-H-056-Wl, Support Building 451 CMR & Instrument Shop Zone 6 HVAC " 
Instrument Loop Diagram. 
45-H-056-W2, Support Building 451 CMR & Instrument Shop Zone 6 HV AC 
Instrument Loop Diagram. 
45-H-056-W3, Support Building 451 CMR & Instrument Shop Zone 6 HVAC 
Instrument Loop Diagram. 
45-H-150-014, HVAC System, Logic Diagram. 
45-H-151-014 Sheet 2 of 5, Support Building 451 HVAC System Control Logic 
Diagram. 
45-H-152-014, HVAC System, Control Logic Diagram. 
45-H-153-014, HVAC System, Control Logic Diagram. 
45-H-157-010, Water Pumphouse, HVAC System, Control Logic Diagram. 
45-H-158-012, HVAC, Control Logic Diagram. 
45-H-350-014, HVAC System, Loop Diagram, Sheet 1 of 5. 
45-H-351-014, HVAC System, Loop Diagram, Sheet 2of5. 
45-H-352-014, HVAC System, Loop Diagram, Sheet 3 of 5. 
45-H-353-014, HVAC System, Loop Diagram, Sheet 4 of 5. 
45-H-357-010, Water Pumphouse, HVAC System, Instrument Loop Diagram. 
45-J-044-W, Support Building 451 45P-DP04/1 and 45P-DP04/2 Single Line 
Diagrams 
45-J-510-W, Support Building 451 480V MCC 45P-MCC04/4 Single Line 
Diagram and Arrangement. 
45-J-511-W, Support Building 451 480V MCC 45P-MCC04/3 Single Line 
Diagram and Arrangement. 
45-J-560-Wl, Support Building 451 Distribution Panel Schedules 45P-DP03/ll, 
/12, /13/ & /14. 
45-J-573-014, CMR and Instrument Shop, Schematic Diagrams. 
45-J-576-012, HVAC and Fire Alarms Schematic and Block Diagrams. 
105-J-004-W, Seismic Monitoring System (Surface) Cable, Loop and Schematic 
Diagrams. 
ACA 9484-Ml, Mechanical Floor Plan. 
ACA 9484-M2, Partial Mechanical Plans/Sections. 
ACA 9484-M3, Temperature Control _;. ~ _, 
ACA 9492-E2, Training Building, WIPP Site, Power Plan •,\, '"". 
ACA 9492-E4, Training Building, WIPP Site, ElectricalrQ'~s & Schedules 
ACA 9492-Ml, Training Building, WIPP Site, HVA~~r Plan 
ACA 9492-M2, Training Building, WIPP Site, M~~ Control Diagrams 
ACA 9492-M3, Training Building, WIPP Site, ~lnical Schedules 
ACA 9492-M4, Training Building, WIPP Site~hanical Details 
ACA 9492-M5, Training Buildiqg, WIPP SJ~. ~pecitications 

~~ v 
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Vendor Manuals 
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1. Installation, Operation and Maintenance Manual for Static Trip II Overcurrent 
Trip Device, SG3098-0l. 

2. Operations and Maintenance Manual for 3502, 3512 and 3516 Industrial Engine. 
3. Magna One Generator Installation, Operation and Maintenance Manual. 
4. Beeman, Donald. Industrial Power Systems Handbook 
5. Croft, Terrell. American Electrician Handbook 

\VIPP Procedures 

6. WP 04-EDOO, High Voltage Electrical (SIM) 
7. WP 04-AD3008, Shift Operating Logs. 
8. WP 04-AD3011, Equipment Tagout/Lockout 
9. WP 04-EDIOOI, 13.8 kV Surface Transformer Operating Instructions. 
10. WP 04-ED1021, Site Surface Electrical Distribution System. 
11. WP 04-ED1221, Operation of Site Surface Electrical Distribution Breakers. 
12. WP 04-ED1301, Local Operation of Diesel Generator Number One. 
13. WP 04-ED1321, Local Operation of Diesel Generator Number Two. 
14. WP 04-ED1341, Surface Backup Power Distribution. 
15. WP 04-ED4301, Diesel Generator Number One, Local Engine Control Panel 

Alarm Response. 
16. WP 04-ED4321, Diesel Generator Number Two, Local Engine Control Panel 

Alarm Response. 
17. WP 04-ED7341, 1100 kW Diesel Generator Operability Check 

\VIPP Drawings 

18. D-6778-7, Generator Control Schematic Diagram. 
19. 25-J-015-W, Yard Electrical, Area Sub 3 and Emergency Power 480V 25P-

SWG04/3, Electrical Diagram, Details and LPU interconnects. .. \ · 
20. 25-J-019-W, Medium Voltage Switchgears Trip Unit Settings. ,·._'O'' 
21. 25-J-020-W2, \VIPP Site Primary Power Distribution, One ~)agram. 
22. 25-J-021-W, 480 Volt Switchgears Trip Unit Settings. '--\::)> 
23. 25-J-044-W, Plant Main Substation (25P-SWG15/1), Statio~ower Unit Number 

Eight Three Line Schematic. . . ..._ ~ .... 
24. 25-J-060-W, Area Substation Number 3, 480V SWGRJ25P-SWG04/3 Schematic 

D. ~ 
iagram. ·- r, ' 

25. 25-J-066-W, Yard Electrical Plant Substation),~WG15/l, Single Line Diagrarr 
and Schemes. \-' 

\ 
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C. Low Voltage Electrical 

Vendor Manuals 

1. RTE Del tee Series 7000 UPS. 
2. RTE Deltec Model DSU 1820 UPS. 
3. Best FC-5kV A UPS. 
4. Battery Charger, Model BCS 12800. 
5. Inverter, Model 3SV12800. 
6. Toshiba Uninterruptible ·Power System 1400 and 1400 Plus Series 

WIPP Procedures 

7. WP 04-EDOO, Low Voltage Electrical (EDOO)(SIM) 
8. WP 04-CM1306, Operation of Remote Uninterruptible Power Supplies for CMS 

Equipment. 
9. WP 04-ED1541, Waste Handling Building and Support Building Unintermptible 

Power Supply (UPS). 

WIPP Drawings 

10. 25-J-020-W, Operations/Surface with 480V Loads. 
11. 41-J-513-W, Waste Handling Building 411, 480V MCC, 41P-MCC04/5, Single 

Line Diagram and Arrangement. 
12. 41-J-527-W, Waste Handling Building, 480V MCC, 41P-MCC04/2, Single Line 

Diagram and Arrangement. 
13. 41-J-528-W, Panel Schedules for Distribution Panels. 
14. 41-J-549-W, TRUPACT Maintenance Facility 412, Decontamination Area, Power 

and Control Plans. 
15. 41-J-560-W, Building 413, Panel Schedule 25P-DP03/4, 41P-LP04/ll, 41P

DP03/29, 03/31, 41P-MPC03/l, 03/2. 
16. 41-J-567-W, Waste Handling Building 411, Panel Schedules 41P-DP03/l, 0312, 

03/3, 03/4, 03/5 and 31P-DP03/l. 
17. 45-J-006-W, Building 455, Distribution Panels and Active Schematics. 
18. 45-J-008-W, WIPP Site Surface Power Single Line Diagram, Yard Switchracks. 
19. 45-J-031-W, Single Line Diagram and F.quipment Outline for UPS 4SP-UPS03/l. 
20. 45-J-032-W, Main UPS System Panel Schedules 41P-DP03/10, 4J~DP03/11, 

45P-DP03/15, 45P-DP03/17. "'"'0-' 
21. 45-J-042-W, Safety and Emergency Building, 45P-DP03/30A~ Qt,B, /31, /32/ and 

/33, 45P-DP04/25A, /25B, /26 .!¥!~ /27 Panel Schedules. ,_<::)> 
22. 45-J-044-W, Support Building 451, 45P-DP04/1 and 4~l)P04/2 Single Line 

Diagram. , '~ 
23. 45-J-510-W, Support Building 451, 480V MCC, 45PjMCC04/4 Single Line '') 

Diagram and Arrangement Diagram. "~ "" 
24. 45-J-511-W, Support Building 451, 480V M~C;45P-MCC04/3 Single Line 

Diagram and Arrangement Diagram. ..~·,' 
25. 45-J-514-W2, Building 453, Receptacle Plan and Panel Schedule. 

" 
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26. 45-J-550-W, Water Pumphouse, Electrical Lighting and Panel Schedule Plan. 
27. 45-J-562-W, Guard and Security Building 458, Panel, Lighting Fixture Schedules 

and Details. 

D. Underground Ventilation/Filtration 

Vendor Manuals 

1. EV A Flow Devices (The Book of EV A). 
2. Large Induction Motors: Toshiba 0 & M Manual. 

WIPP Procedures 

3. WP 04-VUOO, Underground Ventilation and Filtration System (SIM) 
4. WP 04-CM4150, Station A CAM Radiation Alarms. 
5. WP 04-CM4155, Station B CAM Radiation Alarms. 
6. WP 04-CM4201, UVFS Ventilation and Filtration Fan Low Flow Alarms. 
7. WP 04-CM4205, UVFS HEP A Filter High Differential Pressure Alarm. 
8. WP 04-CM4301, Waste Hoist Tower Differential Pressure Alarm. 
9. WP 04-CM465 l, Underground CAM Radiation Alarms. 
10. WP 04-VUlOOl, Surface UVFS Operation. 
11. WP 04-VU4605, UVFS Control Panel 413-CP-056-01 Alarm Response. 
12. WP 04-VU4610, UVFS Control Panel 413-CP-307-0lB Alarm Response. 
13. WP 12-9, WIPP Final Safety Analysis Report, Chapter 10. 

WIPP Drawings 

14. 25-J-020-W, Operations/Surface with 480VAC Loads. 
15. 41-A-001-W, UVFS Piping and Instrument Diagram. 
16. 41-G-284-019, UVFS Exhaust Duct/Piping Arrangement. 
17. 41-G-302-34B, UVFS Modifications. 
18. 41-H-307-34B, UVFS Instrument Loop Diagram. . 
19. 41-H-372-019, Annunciator and Power Instrument Loop Diagram. 
20. 41-J-007-W, UVFS Diagram and Location Plans. , ......... _. 
21. 41-J-008-W, UVFS Control Panel Details. .-..~ ~ 
22. 41-J-015-W, Component Layout for 413-CP-307-Ql: .. ~'. 
23. 41-I-560-W, Building 413, Panel Schedule 25P-DP03/4, 41P-LP04/ll, 41P-

DP03/29, 03/31, 41P-MPC03/l, 03/2. .. '~ • 
"<:::.S' ~ 
~ 

... ~ 
/'~ , __ ... 
\ 



E. Fire Detection, Fire Suppression and Domestic Water 

Vendor Manuals 

1. Detroit Diesel Operators Manual. 
2. Patterson Pumps Operations Manual. 
3. Moore Single Loop Digital Controller. 
4. Wallace & Tiernan Chlorine Residual Analyzer. 
5. Masoneilan 2100 Series Control Valves. 
6. General Controls Hydramotor Actuators. 
7. Chlorinators and Controls. 
8. Exidyne Chlorine Gas Detector. 
9. Material Safety Data Sheets. 
10. National Fire Protection Association Manual, Chapter 20. 

WIPP Procedures 

11. WP 04-FPOO, Fire Detection and Suppression (SIM) 
12. WP 04-WDOO, Water Distribution (WDOO)(SIM) 
13. WP 04-FP1201, Fire Water Supply System Operation. 
14. WP 04-WDlOlO, Domestic Water System Operation. 
15. WP 04-WD1020, Free Chlorine Analyzer Operation 
16. WP 04-WD4010, Pumphouse Alarm Response. 

WIPP Drawings 
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17. 
18. 

23-F-001-007, Water Pipeline System, Piping and Instrument Diagram. 
25-F-006-010, Yard Utilities, Water Supply System, Piping and Instrument 
Diagram. 

19. 
20. 
21. 
22. 
23. 
24. 

25. 

26. 

27. 

28. 
29. 
30. 

41-H-212-014, Waste Handling Building, Circuit Control Logic Diagrams. 
41-J-024-W2, Waste Handling Building, Fire Panel 411-FP-01301. 
41-J-580-014, Waste Handling Building, Fire Protection Block Diagram. 
45-F-041-014, Utility Water Distribution System, Piping and Instrument Diagram. 
45-G-701-006, Water Storage Tanks 25-D-OOlA and B. . 
45-H-108-010, Water Pumphouse, Fire Water Pumping S~stem Control Logic . ' ~ Diagram. ... -..... 

~··'~ 
45-H-110-010, Water Pumphouse, Water Pumping System Control Logic 
D. ,~~ 

iagram. ,y-. 
45-H-130-010, Water Pumphouse, Fire and Security"'Systems Control Logic 
Diagram. .... ... ~ ~ 
45-H-310-010, Yard Utility and Water Pumphotise, Domestic Water Pumping 
System Instrument Loop Diagram. ........ ~-
45-J-029, Support Building 451, Fire Pat!_c;l' 451-FP-01132. 
45-J-047-W, Water Pumphouse 456, water Pumping System Schematic Diagram. 
45-J-515-W, Water Pumphouse 456, 480V MCC 45P-MCC04/2, Single Llne 
Diagram and Arrangement. 



F. Compressed Air 

Vendor Manuals 

1. Ingersoll-Rand XLE Air Compressors. 
2. Ingersoll-Rand Type 30 Air Compressors. 
3. Sullair Series 20 Air Compressor. 
4. Sullair Series 25 Air Compressor. 
5. Curtis-Toledo Model ES-20 Air Compressor. 
6. Hankison Model DH-2100 Regenerative Desiccant Air Dryer. 
7. Hankison Model 801600 Refrigerated Air Dryer. 
8. AMLOC-DHA Regenerative Desiccant Air Dryer. 

WIPP Procedures 

9. WP 04-CAOO, Compressed Air (SIM) 
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10. WP 04-CAlOOl, Operation of Air Compressors 41-G-021A/4l~G-021B. 
11. WP 04-CA1002, Operation of Air Compressors 45-G-009/45-G-010. 
12. WP 04-CA1003, Operation of EFB and Support Building Air Compressors. 
13. WP 04-CA 1101, Instrument Air Operation. 
14. WP 04-CA4001, Compressed Air System, 41-G-021A Control Panel Alarm 

Response. 
15. WP 04-CA4002, Compressed Air System, 41-G-021B Control Panel Alarm 

Response. 
16. WP 04-CM4005, Low Plant Air Pressure Response. 

WIPP Drawings 

17. 

18. 

19. 

20. 

21. 

22. 

23. 
24. 
25. 

26. 

27. 

41-F-037-W, Compressor Building 463, Compressed Air/Cooling Water System 
Piping and Instrument Diagram. 
41-J-013-W, Air Compressors 41-G-021A/B Panels Schematic Diagrams and Parts 
Location. 
41-J-014-W, Component Layout, Wiring and Schematic Diagrams for Air 
Compressors 4 l-G-022A/B, 45-G-400A/B and 45-G-403A/B. ·· . 
41-J-510-W, Exhaust Filter Building 413, 480V MCC 41P.:::MCC04/7 Single Line 
Diagram. ,, v 

41-J-512-W, Waste Handling Building 411, 480V MC<:.;~Ul>-MCC04/3 Single 
Line Diagram. ,(j / 
41-J-513-W, Waste Handling Building 411, 480V~"Ct 41P-MCC04/5 Single 
Line Diagram. ·- ~ 
41-J-560-W, Exhaust Filter Building 413, Pane}Schedules. 
41-I-567-W, Waste Handling Building 411, -Rinel Schedules. 
41-P-001-W, Exhaust Filter Building 4l~(Compressed Air System Piping and 

D. "--Instrument iagram. , r"-'" 
41-P-002-W, Waste Handling Building fll, Compressed Air System Piping and 
Instrument Diagram. 
45-J-048-W, Sullair Compressor Building 485, Electrical Plan. 
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28. 45-J-510-W, Support Building 451, 480V MCC 45P-MCC04/4 Single Line 
Diagram. 

29. 45-J-560-W, Support Building 451, Distribution Panel Schedules 45P-DP03/ll, 
/12, /13, /14. 

30. 45-P-001-W, Sullair Compressor Building 485, Compressed Air System Piping 
and Instrument Diagram. 

31. 45-P-002-W, Support Building 451, Compressed Air System Piping and 
Instrument Diagram. 

32. 53-P-001-W, Sheet 5, Underground and Shafts Compressed Air System Piping and 
Instrument Diagram. 

G. Chilled Water 

Vendor Manuals 

l. The Refrigeration Cycle, TRANE Air Conditioning Clinic Booklet. 
2. Refrigeration System Components, TRANE Air Conditioning Clinic Booklet. 
3. Refrigeration Compressors, TRANE Air Conditioning Clinic Booklet. 
4. Centrifugal Water Chillers, TRANE Air Conditioning Clinic Booklet. 
5. TRANE Air Conditioning Manual, Chapter VI. 
6. TRANE Owner-Operator's Guide Air-Cooled Centravac, CVAC-M-lA. 
7. TRANE Air Cooled Centravac Liquid Chillers Centrifugal, CV AC-UP-1. 
8. TRANE Air Cooled Centravac Liquid Chillers Centrifugal, CV AC-IN-lA. 
9. TRANE Operation and Maintenance Manual, CGAC-M-3A. 
10. Carrier Flotronic Reciprocating Liquid Chillers, 30GB040-070. 

WIPP Procedures 

11. WP 04-CWOO, Chilled Water System (SIM) , 
12. WP 04-CWI 101, Waste Handling Building and Support Building Chilled Water 

System. 
13. WP 04-HV1306, Safety and Emergency Building HV AC. 
14. WP 04-HV1316, Engineering Building HVAC System Operation. 

WIPP Drawings 
"" . ' 

15. 25-I-020-W, Operations/Surface with 480VAC Loads, <Sheet 3 of 9. 
16. 41-F-038-014, Waste Handling Building, Chilled WatC'r.:System, Flow Diagram, 

Sheet 1 of 2. ,,~'~ --' 
17. 41-F-039-014, Waste Handling ]Wilding, Chill~:)'rater System, Flow Diagram, 

Sheet 2 of 2. ,\'<·· · 
18. 41-F-068-014, Waste Handling Building, Chllled Water System, Piping and 

Instrument Diagram, Sheet 1 of 2. ,...~~·::.,_': 
19. 41-F-069-014, Waste Handling Building~ ··chilled Water System, Piping and 

Instrument Diagram, Sheet 2 of 2. 
20. 41-H-168-014, Chilled Water System, Control Logic Diagram. 
21. 41-H-368-014, Chilled Water System, Instrument Loop Diagram. 
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22. 41-H-668-014, Chilled Water System, Local Control Panel Arrangement Diagram. 
23. 41-1-545-014, Water Chiller Area, Instrument Grounding, Power and Control 

Plan. 
24. 41-1-576-014, Chilled Water System, Schematic Diagram. 
25. ACA-486-E-2, Engineering Building Power Plan. 
26. CMA-486-M-4, HV AC Equipment Schedule 

H. Central Monitoring System 

Vendor Manuals 

1. WDPF System Overview PCD-002. 
2. WDPF Operator's Station User's Guide U0-1280-7 
3. WDPF Engineer's Console User's Guide U0-0250 
4. WDPF Software User's Manual W0-0001 
5. WDPF System Planning and Data Highway Installation Manual M0-0051 
6. WDPF Personal Computer on WESTNET II (PCH) User's Guide U0-2400 
7. WDPF VXI General Purpose Message Handler User's Guide U0-2603 
8. WDPF VXI Device Drive and Hardware User's Guide U0-2601 
9. WDPF Historical Storage and Retrieval (HSR) User's Guide UQ-0485 
10. TRANSCOM Shipper and Receiver User's Manual. 
11. KA VOURAS User's Manual. 

WIPP Procedures 

12. 
13. 

14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 

23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

WP 04-CMOO, Central Monitoring System (SIM). 
Plant Monitoring and Communications (System Design Description 
(SDD)(CMOO). 
WP 04-AD3002, Conduct of Shift Operations. 
WP 04-CMlOOl, Remote Operation of the Diesel Generators. 
WP 04-CM1006, Remote Operation of Electrical Circuit Breakers. 
WP 04-CMl 185, Remote Operation of the Support Building Zone 6 HEPA 
Filtration. 
WP 04-CM 1301, Public Address System Console Operation. 
WP 04-CM1303, Historical Storage & Retrieval Operati~2' ... ?> 
WP 04-CM1304, Central Monitoring System Equipmen~ration. 
WP 04-CM1305, LPU Downloading. ~ 
WP 04-CM1601, Remote Operation of Undergro~entilation & Filtration 

System. ~~ 
WP 04-CM1602, U/G Local Pr~essing Uni ) Remote Reset. 
WP 04-CM4051, WHB LCO CAM Ra~i . larms. 
WP 04-CM4052, WHB LCO CAM T~ Alarms. 
WP 04-CM4053, WHB Non-LCO C~ diation Alarms. 
WP 04-CM4054, WHB Non-LCQ~ Trouble Alarms. 
WP 04-CM4150, Station A CAMbdiation Alarm. 
WP 04-CM4151, Station A CAM Trouble Alarm. 
WP 04 CM4155, Station B CAM Radiation Alarm. 



31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 

WP 04-CM4156, Station B CAM Trouble Alarm. 
WP 04-CM4160, Station C CAM Radiation Alarm. 
WP 04-CM4161, Station C CAM Trouble Alarm. 
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WP 04-CM4201, UVFS Ventilation and Filtration Fan Low Flow Alarms. 
WP 04-CM4202, UVFS Ventilation Fan High Vibration Response. 
WP 04-CM4203, UVFS Ventilation Fan Flow Sensor Alarms 
WP 04-CM4205, UVFS HEP A Filter High Differential Pressure Alarms. 
WP 04-CM4301, Waste Hoist Tower Differential Pressure Alarm. 
WP 04-CM4305, WHB CH Area Differential Pressure Alarms. 
WP 04-CM4421, LPU/UPS Alarms. 
WP 04-CM4501, VOC Trouble Alarms. 
WP 04-CM4651, Underground CAM Radiation Alarms. 
WP 04-CM4652, Underground CAM Trouble Al~s. 
WP 04-CM4725, Waste Storage Area Differential iPressure Alarm. 
WP 04-CM4726, Waste Shaft Station Area Dif~~pfial Pressure Alarm. 
WP 04-CM4005, Low Plant Air Pressure Resp'.Qpse. 
WP 04-PC3017, Essential Plant Communi~iis Systems Testing. 
WP 06-2, WIPP TRU-Waste Transportation·Manual. 
WP 06-3, TRANSCOM Tracking Syste~!CMR Operator Guidelines. 
WP 12-926, Radio, Pager and Plectr~~sting Procedure. 
WP 12-ER4901, Severe Weather R~nse. 
WP 12-ER4908, Surface Fire Re~se. 
WP 12-ER4910, Earthquake/Seilibit Response. 
WP 12-ER491 l, Undergrouncif'ire Response. 



I. Waste Water Treatment System 

Vendor Manuals 

1. Operations Manual, Stabilization Ponds. 
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2. Instruction Manual, Diamond Shamrock Wastewater Chlorinator. 
3. Red Valve Manual, Pinch Valves, Manufacturer's Manual. 

WIPP Procedures 

4. WP 04-GC03, Wastewater Treatment System (SIM) 
5. WP 04-GC1201, Sewage Lagoon System Operation. 

WIPP Drawings "?:~ 
.~ /..,,,. 

25-C-021-010, Stabilization Lagoon, Sections and D~tfi'b. 6. 
7. 

// 

25-D-004-010, Yard Piping & Stabilization Lagoon, V~ Pits, Plans, Sections & 

~;~~1-010, Yard Utilities, Sanitary Sewage Treatme~~tem, Piping and 8. 
. ""'"""" Instrument Diagram. ~ 

0 
~ 
~ --;...--
~ 
0 

\.:..__,.,.,,, 



J. 
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Vacuum 

Vendor Manuals 

1. Busch Installation, Operation, Maintenance and Repair Manual (Model R5-630-
218). 

WIPP Procedures 

2. WP 04-PVOO, Plant Vacuum System (SIM) 
3. WP 04-PV1201, Operation of Waste Handling Building and Support Building 

Vacuum System. 

WIPP Drawings 

4. 

5. 

6. 

7. 

8. 

9. 

---41 -F-030-W, Waste Handling and Support Building, Plaut;:Vacuum System, Piping 
and Instrument Diagram. -; . .-

! ! ;~~=O~~~iring Diagram Vacuum Pump Control Pan~ 
41-J-006-W, Schematic Diagram Vacuum Pump Control P~ 
411-CP-029-06. ~ 
41-J-512-W, Waste Handling Building 411, 480V MCC 41P-ifec04/3 and 41 
DP04/3 Single Line Diagram and Arrangement. ~ 
41-J-514-W, Waste Handling Building 411, 480V MCC 41P-M~04/6 and 41P-
DP04/3 Single Line Diagram and Arrangement. ~ 
41-F-069-014, Sheet 2 of 2, Waste Handling Building, Chilled wate.r System 
Piping and Instrument Diagram. s__:::.. 

' . 
~ ...... 



FO-GUIDE-1 Rev. 1 
Section I, Page 15 of 22 

K. Underground Compressed Air 

Vendor Manuals 

1. Ingersoll-Rand Portable Air Compressor O&M Manual 

Other Manuals 

2. 30 CFR, 57, Subpart L 

WIPP Procedures 

3. WP 04-AD3002, Conduct of Shift Operations 
4. WP 04-AD3011, Equipment TagoutJLockout 
5. WP 04-CM4005, Low Plant Air Pressure Response 

WIPP Drawings 

6. 41-F-037-Wl, Compressor Building 463, Compressed ~dCooling Water System 
P&ID ';~ 

7. 45-P-OO 1-W, Sullair Compressor Building 485 Compress&l-") Air System P&ID 
8. 53-J-044-W, Distribution Panels 53P-DP03/28, 03/31, 03t.3J4 53P-DP04/28, 

04/29' 04/32 ~ 
9. 53-J-058-W, Underground Utility Panel Schedules t;6:, 
10. 53-J-059-W, Underground Utility Panel S:hedules 53P-DP04J:t.1, 53P-MPC03/2, 

03/11, 53P-DP03/5, 03/25, 03/10 C2-
l l. 53-J-060-W, Underground Utilities Sub #1 & Distribution Panel>53P-DP04/7 & 

53P-DP04/7 Single Line Diagram ~ 
12. 53-P-001-Wl through W5, Underground and Shafts Compres~ir System 

MID ~ 
0 
~ 



L. Underground Electrical System 

Vendor Manuals 

1. Ensign-Hubbell Power Center O&M Manual 
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2. Westinghouse Low-Voltage Power Circuit Breakers, Types DS & DSL 
3. Square D Mini-Power Center O&M 
4. Toshiba Model 1400 UPS O&M 
5. 1000 KV A Power Center O&M 
6. S&C Mini Rupter Switch O&M 
7. Cimco Overtemp Device O&M 
8. Line Power High & Low Voltage Couplers O&M 

Other Manuals 

9. 30 CFR Federal Metal and Nonmetallic Mine Safety and Health Regulations 
10. ANSI C37.2 

WIPP Procedures 

11. WP 04-AD3002, Conduct of Shift Operations 
12. WP 04-AD301 l, Equipment Tagout/Lockout 
13. WP 04-AD3012, Temporary Plant Modification Control 
14. WP 04-ED1221, Operation of Site Electrical Distribution System 
15. WP 04-ED1621, Underground Electrical Distribution 
16. WP 04-ED1631, Underground Backup Power Distribution 
17. WP 10-WC3002, Work Control Administration 
18. WP 12-ER, Emergency Response Procedures 

--:...) WIPP Drawings 

19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 

,.p -:,;-:,-
25-J-O l 9-W 4, U/G Medium Voltage Switchg~'I'rip Unit Settings 
25-J-020-Wl, WIPP Site Primary Power Distri\)1ltion - One Line Reference Shee~t 
25-J-020-W2, WIPP Site Primary Power Distri~don - One Line Diagram 
25-J-020-W3, Operations Surface & Undergroun~ 
25-J-020-W4, Operations/Surface with 480 VAC ~s 
25-J-020-WS, Operations/Underground with 480 ...,if.<;. Loads 
25-J-020-W6, Fault Analysis and Protected Device C6ordination 
25-J-020-W7, Selected Load System, Operations - ~ce & Underground 
25-J-020-W8, Selected Load Sy~m Load Flow & V'6trage Drop Calculation Fault 
Current Analysis ~ 
25-J-020-W9, WIPP FSAR/Surface <2. 
25-J-020-WlO, WIPP FSAR/Underground 
53-J-009-Wl, U/G 13.8kV & Low Voltage Cable Routing & Equipment Loe?· • 
53-J-009-W2, U/G 13.8kV & Low Voltage Cable Routing & Equipment 1...oca.._.d1s 
53-J-009-W3, U/G 13.8kV & Low Voltage Cable Routing & Equipment Locations 



33. 

34. 

35. 

36. 

37. 

38. 

39. 
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53-J-028-Wl, U/G 480V Power Distribution from 53P-SWG15/2A & 2B, Single 
Line Diagram for 53P-CB04/l, CB04/2, DP04/l (A & B), 2, 3, 4, 21, -LP04/3, -
LP04/l & -LP04/2 
53-J-028-W2, U/G 480V Power Distribution from 53P-SWG15/2A & 2B, Single 
Line Diagram for 53P-CB04/l, CB04/2, DP04/l (A & B), 2, 3, 4, 21, -LP04/3, -
LP04/ 1 & -LP04/2 
53-J-028-W3, U/G 480V Power Distribution fro~;.5~P-SWG15/2A & 2B, Single 
Line Diagram for 53P-CB04/l, CB04/2, DP04/1 (.\.,& B), 2, 3, 4, 21, -LP04/3, -
LP04/l & -LP04/2 < 
53-J-037-W, U/G Substation #4 Location Single Line"cb1:agram & Alcove Plan & 
Details ~ 
53-J-044-W2, Distribution Panels 53P-DP04/28, 03/31,"J.13:/35, 53P-DP04/28, 
04m,04m ~ 
53-J-510-W, U/G Utilities Sub #1 & Distribution Panel 5jp;oP0417 & 
53P-DP04/7 Single Line Diagram ~ 
53-J-511-W, U/G Utilities Sub #1 & Distribution Panels 53P~P04/11, 04/8, 
04/10 ~ 

0 
\,..,,... 



M. Underground Ventilation System 

Vendor Manuals 

1. Davis Anemometer O&M Manual 
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2. LY Series Instruction & Maintenance Manual (Limotorque Corporation, U/G 
Regulator Motors 

3. SS4 AAA Products O&M Manual (U/G Bulkheads) 

Other Manuals 

4. 30 CFR 57 Subpart G-Ventilation 

WIPP Procedures 

5. Waste Isolation Pilot Plant Mine Ventilation Plan 
6. U/G Ventilation System Design Description (SDD) 
7. U/G Ventilation and Filtration System Design Description (SDD) 
8. WP 02-9, WIPP Final Safety Analysis Report, Chapter 10 
9. WP 04-AD3008, Shift Operating Logs 
10. WP 04-CM4005, Low Plant Air Pressure Response 
11. WP 04-VUlOOl, Surface UVFS Operation 
12. WP 04-VU1608, Underground UVFS Operation 
13. WP 04-VU2603, UVFS Air Reversal for Non-RMA Areas 
14. WP 04-VU7003, UVFS Shift to Filtration Test 
15. WP 04-VU7005, Testing the Underground RMA Differential Pressure Alarms 

WIPP Drawings 

16. 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 
25. 
26. 

53-J-031-Wl, Underground Utilities 53P-LP03/3, LP04/l, DP04/10, LP04/2 & 
DP04/8 Lighting & Power Panelboard Schedules 
53-J-031-W2, Underground Utilities 53P-LP03/)~.-LP04/1, DP04/10, LP04/2 &. 
DP04/8 Lighting & Power Panelboard Schedules',.,~':. 
53-J-044-Wl, Distribution Panels 53P-DP03/28, Q)~l, 03/35, 53P-DP04/28, 
04/29, 04/32 '-"A 
53-J-058-Wl, Underground Utility Panel Schedules ~DP03/6, 03/36, 
53P-DP04/30 ~ 
53-J-058-W2, Underground Utility Panel Schedules 53~3/34, 53P-MPC03/5 
53-J-059-Wl & W2, Underground Utility Panel Schedule~P-DP04/ll, 
53P-MPC03/2, 03111, 53P-DPQ~5, 03/25, 03/10 0 
53-J-060-Wl, Underground Utilities Panel Schedules 53P-~3/3, 
53P-MPC03/7, 53P-MPC03/16 ~ 
53-J-060-W2, Underground Panel Schedules 53P-DP04/31, 53~3/23, 
53P-DP03/27 · v ... 
53-J-560-Wl, U/G Distribution Panels 53P-DP03/l, 03/2, 03/26, 0417, 04/35·,' 
53-J-560-W2, U/G Distribution Panels 53P-DP03/l, 03/2, 03/26, 0417, 04/35 
54-W-001-W, U/G Mine Ventilation System 



27. 54-W-002-W, U/G Ventilation Plan Waste Handling Mode 
28. 54-W-004-W, U/G Ventilation Plan - Filtration Mode 
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29. 54-W-005-W, U/G Ventilation Plan Air Reversal Mode for Mining Area and/or 
Salt Handling Shaft 

30. 54-W-006-W, U/G Ventilation Plan Air Reversal Mode for Experimental Area 
31. 54-W-007-W, U/G Ventilation Plan Air Reversal Mode for Air Intake Shaft 

N. Underground Fuel Station Operation and Inspection 

Vendor Manuals 

1. Walter Kidde Fire System O&M Manual 

WIPP Procedures 

2. WP 04-AD3011, Equipment Tagout/Lockout 
3. WP 04-FP1401, Underground Fuel Station Operations 
4. WP 12-918, Reporting of Occurrences in Accordance with DOE Order 5003.3B 
5. WP 12-ER4902, Hazardous Material Spill Response 

0. Underground Seismic System 

Vendor Manuals 

1. Kinemetrics Model SP-1/TS-3, Seismic Switch System O&M Manual 
2. K.inemetrics Model SMA-3, Strong Motion Accelerograph O&M Manual 
3. K.inemetrics Model SMP-1, Magnetic Tape Playback System O&M Manual 

WIPP Procedures 

4. WP 12-ER4910, F.arthquake/Seismic Response-- -
5. WP 04-EM1601, Underground Seismic Monitoring.System Operation 
6. WP 04-EM1602, Quarterly Operational Test of tlie. Underground Seismic 

Monitoring System --; ... -:,. 
/ ) ..... / 

WIPP Drawings .. ~ , .. _,,,,.. 
-'~ 

7. 105-J-002-W, Seismic Monitoring System Sensor Statiorf~ Monitoring Panel 
Underground Locations & Installation \..v 

8. 105-J-003-W, Seismic Monitori!!& System, Underground ~rface Panel 
Arrangements ~ 

9. 105-J-003-W, Seismic Monitoring System Underground Cabl~p, and Scheme 
~~s ~ 
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P. Integrated Plant 

WIPP Procedures 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 

42. 

WP 02-6, Resource Conservation & Recovery (RCRA) Compliance Manual. 
WP 02-9, WIPP Final Safety Analysis Report, Chapter 10. 
WP 02-12, WIPP Contingency Plan. 
WP 04-AD3002, Conduct of Shift Operations. 
WP 04-AD3003, Control of Operator Aids. . 
WP 04-AD3005, Administrative Control of System Lineups. 
WP 04-AD3007, CMS Point Scan/ Alarm Check Removal Authorization. 
WP 04-AD3008, Shift Operating Logs. 
WP 04-AD3011, Equipment Tagout/Lockout. 
WP 04-AD3012, Temporary Plant Modification Control. 
WP 04-AD7001, OSR Administrative Plan. 
WP 04-CM4005, Low Plant Air Pressure Response 
WP 04-CM405 l, WHB LCO CAM Radiation Alarms. 
WP 04-CM4053, WHB Non-LCO CAM Radiation Alarms. 
WP 04-CM4071, Surface LCO ARM Radiation Alarms. 
WP 04-CM4073, Surface Non-LCO ARM Radiation Alarms. 
WP 04-CM4150, Station A CAM Radiation Alarm. 
WP 04-CM4155, Station B CAM Radiation Alarm. 
WP 04-CM4160, Station C CAM Radiation Alarm. 
WP 04-CM4651, Underground CAM Radiation Alarms. 
WP 04-CM4671, Underground ARM Radiation Alarms. 
WP 04-ED734 l, 11 OOkW Diesel Generator Operability Check. 
WP 04-HV7007, Testing Overpack and Repair Room Differential Pressure Alarm. 
WP 04-HV7008, Testing CH Receiving Bay Differential Pressure Alarm. 
WP 04-VU7002, UVFS Automatic Filtration Logic Test. 
WP 04-VU7003, UVFS Shift to Filtration Test. 
WP 04-VU7005, Testing of the Underground RMA Differential Alarms 
WP 05-WH310 l, Bin Activities Tracking 
WP 06-HM1020, TRUPACT-11 Receipt .-
WP 09-005, Surface Evacuation and BackfillP..eimits. 
WP 10-AD3005, Control and Use of Maintenan~Locks. 
WP 10-WC3002. Work Control Administration. /;' 
WP 10-WC3004, Preventive Maintenance Admini~on. 
WP 12-1, WIPP Safety Manual ~ 
WP 12-101, Personnel Working in Remote Surface ~tions. 
WP 12-110, Confined Space EQt!)' Procedure. ~~ 
WP 12-121, Safe Work Permits. (? 
WP 12-9, Emergency Plan and Procedures. ~ 
WP 12-901, Emergency Operations Center. ~ 
WP 12-903, Categorization and Classification of Emergenc~uations. 
WP 12-906, Continuity of Government (National) Emergen-c~esponse 
Procedure. 
WP 12-918, Reporting of Occurrences in Accordance with DOE Order 5000.3B. 



43. WP 12-ER4901, Severe Weather Response. 
44. WP 12-ER4902, Hazardous Material Spill Response. 
45. WP 12-ER4905, Security Emergency Response. 
46. WP 12-ER4907, Site Evacuation. 
47. WP 12-ER4908, Surface Fire Response. 
48. WP 12-ER4911, Underground Fire Response. 
49. WP 12-ER4912, Underground Medical Emergency Response. 
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50. WP 12-HP2000, Emergency Radiological Control Operations, Posting and Access. 
51. WP 13-002, Request for Corrective Action. 
52. WP 13-003, Nonconformance Item Control. 
53. WP 13-007, Hold Tag Issuance. 
54. WP 13-008, Stop Work. 
55. WP 13-011, Quality Assurance Surveillance. 
56. WP 13-013, Inspection Points. 

... . .. 

.. .. --, 
; . .._,,, ... ·.,# 



II. CLASSROOM INSTRUCTION - ROVING WATCH 

A. Electrical Safety (ELC-103) 

B. Respiratory Protection (SAF-630) 

C. Mine Safety/Experienced Miner (SAF-501) or (SAF-502) 
I~/~#' .,.. ,,, 

D. Subject Matter Expert/Orl~tli'e-Job Training (TRG-293) 
/ 

"'i·,:'-i 
E. Conduct of Shift Operations ({;)PS-115) 

'(-:,.:... .. ~ ,,. 
~~~ ........ 
" / ,.. ,,. 

'91' •• -, 

c--:,.. 
\.' .,, .. / , ..... ~ 

,,. / 

C·~.~; 
I. , 

' .... 
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II. CLASSROOM INSTRUCTION - CMRO 

A. Hazardous Materials Emergency Response (HMT-104) 
" .. r, .·' ' _.,, 

(....-.J 
,,/·~ 

"' ·' I .. ·-. 
L·;; .. ,.~ 

'( /_ 
/,- .~ 

~;...-.;" 

"'" C'::.:.... 
i_/ 
\ .. '.><.,, 

/ A .,:·;./ 

' ,_. . 
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II. CLASSROOM INSTRUCTION - FOSS 

A. Root Cause Analysis (TRG-296) 

B. Shift Supervisor Transportation Training (HMT-101) - . 

C. WIPP Occurrence Reportlng~"to/ Facility Managers (OPS-107) 
\.,.• 

/'~, 
D. WIPP Contingency Plan Procedl!re)SAF-645) 

~,." t#,, 
'.r' / 

E. Confined Space Entry (SAF-515) (Ciissroom Phase Only) 
/ :I .,. .. :_; 
·~·. ') 

\,... .. \,,. 
\ .. ~' .. ,. 

' ,,,. 
; l 
~ .. 
\.:· .. -, 

<!. , 
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II. CLASSROOM INSTRUCTION - UNDERGROUND ROVING WATCH 

A. Electrical Safety (ELC-103) 

B. Respiratory Protection (SAJ3.-?30) 
,,,.,,...A'. 

c. Mine Safety/Experienced MfuetxSAF-501) or (SAF-502) ,,,,, 
/',, 

D. Subject Matter Expert/On-the-JofX:.T.raining (TRG-293) 
~- / 
\,.' / 

E. Conduct of Shift Operations (OPS-I l~~·, 
I"",' 
\,·() 

-.,>"'.-/_,,. 
(. ,~ 

/ ' 
0/~ 

c--: ... 
'·. 
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II. CLASSROOM INSTRUCTION - UNDERGROUND FACILITY ENGINEER 

A. Root Cause Analysis (TRG-296) -: ·· ~, 

B. WIPP Occurrence Reporting for FacilifyManagers (OPS-107) 
- . ' ... '') 

C. Confined Space Entry (SAF-515) (Classroori(.Phase Only) 
'( <. .. 

. :.- /:, ...... / 
J ,-t~ 
'"'/) .._,., , 

\,. .. ·',ti 
•'·/ 
~/ 

I ,-..,-
"·'7 

"'~~_;----' 

"!!;·,\ 
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III. SYSTEM KNOWLEDGE REQUIREMENTS - ROVING WATCH 

To complete the requirements in the Signature Record Form, the SME will certify, by oral examination, 
that the candidate has adequate knowledge of the objectives listed below. 

A. HVAC 

1. Safety Building HV AC (Ref. A. 7, A.27) 

a. Discuss system operations, functions and the components of the Safety 
Building HV AC. 

2. Pumphouse HVAC (Ref. A.6, A.77, A.80, A.96, A.102) 

a. Discuss system operations, functions and the components of the Pumphouse 
HVAC. 

3. Warehouse HVAC (Ref. A.8, A.78) 

a. Discuss system operations, functions and the components of the Warehouse 
HVAC. 

4. Guard and Security Building HV AC 

5. 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.81). 

b. State the component functions and discuss system operations 
(Ref. A.11, A.26). 

c. Discuss the control logic of the Guard and Security Building HV AC 
(Ref. A.11, A.97, A.108). , . 

~ _,· 

Engineering Building HV AC 
~--:.., 

a. Using the appropriate drawing, be a!Jle to locate the major system 
~ components (Supply & Exhaust Fant~~l!Jaters, Dampers, and Temperature 

Controllers) (Ref. A.110, A.111, A.lti& 

b. State the component functions and discus~vtem operations 
(Ref. A.10, A.28). ,..,Y 

c. Discuss the control of the Engineering Build~ AC 
(Ref. A.10, A.112). 

d. . Discuss the instrument loop of each HV AC unit (Ref. A.112). 



FO-OUIDE-1 Rev. l 
Section ill-RW Page 2 of 22 

6. Training Building HV AC 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.115). 

b. State the component functions and discuss system operations 
(Ref. A.113, A.115). 

c. Discuss the control of the Engineering Building HV AC 
(Ref. A.116). 

d. Discuss the instrument loop of each HV AC unit (Ref. A.116). 

7. Exhaust Filter Building (EFB) HV AC 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.60). 

b. State the component functions and discuss system operations 
(Ref. A.5, A.25). 

c. 

d. 

e. 

f. 

-- • .# ... 

Using the appropriate drawing, diseuss the control logic of the Exhaust · ,, 
Filter Building HV AC (Ref. A.67)., :.,, 

/ 
.• J 

, ..... 
Discuss the alarm responses associaie((-with the control panels 
(Ref. A.57). -~·::~ 

\·-· / 
. ,- ...... 

Discuss instrumentation for filter D/Ps, .. aif-9ow, room pressure control 
and trip settings for the EFB HV AC (Ref.'~;5, A.67, A.70). 

\.< .... 
Discuss the instrument loop for EFB HV Ad '{lief. A. 70). 

c:<, 
(~,J 
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8. Support Building HV AC - ZONE 1 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.71, A.103, A.104, A.106). 

b. State the component functions and discuss system operations 
(Ref. A.4, A.19). 

c. Using the appropriate drawing, discuss the control logic of the Zone 1 
HVAC (Ref. A.92). 

d. Discuss the alarm responses associated with control panel 451-CP-056-33 
(Ref. A.49). 

e. Discuss the instrument loop for Zone 1 HVAC (Ref. A.82, A.83, A.98). 

f. State the areas served by Zone 1 HV AC (Ref. A.4, A.71). 

9. Support Building HV AC - ZONE 2 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A. 73, A. 79). 

b. 

c. 

d. 

e. 

f. 

-; :. 
State the component functions alldJliscuss system operations 

." ) 
(Ref. A.4, A.20). '-' 

,.,-;~~ 
*.-; 

Using the appropriate drawing, discus_;,~ontrol logic of the Zone 2 HV AC 
(Ref. A.93, A.95). '•~-

/" ,;._., .. ~~ 
Discuss the alarm responses associated ~ the control panel 
451-CP-053-35 (Ref. A.50). v;:;, 

.,? 
Discuss the instrument loop for Zone 2 HV J\?_ARef. A.99). 

1,_,.. 

State the areas served by Zone 2 HV AC (Ref.'~A.4, A. 73, A. 79). 
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10. Support Building HV AC - ZONE 3 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A. 72, A.103, A.106). 

b. State the component functions and discuss system operations 
(Ref. A.4, A.21). 

c. Using the appropriate drawing, discuss the control logic of the Zone 3 
HVAC (Ref. A.92). 

d. Discuss the alarm responses associated with control panel 451-CP-052-34 
(Ref. A.51). 

e. Discuss the instrument loop for Zone 3 HV AC 
(Ref. A.65, A.84, A.85, A.98). 

f. State the areas served by Zone 3 HV AC (Ref. A.4, A. 72). 

11. Support Building HV AC - ZONE 4 

a. 

b. 

c. 

d. 

e. 

f. 

Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperat ... 
Controllers) (Ref. A.74, A.103, A.105, A.106). 

State the component functions and discuss system operations 
(Ref. A.4, A.22). -: _·,_ 

·o 
Using the appropriate drawing, distuss the control logic of the Zone 4 

'-') HVAC (Ref. A.94). l/ 
1(/,,-

Discuss the alarm responses associab:t..with control panel 451-CP-054-37 
f 52 #'-/ (Re. A. ). V-

0 
Discuss the instrument loop for Zone 4'Jf"\!AC 
(Ref. A.86, A.87, A.94, A.100). ~ 

a 
State the areas served by Zone 4 HVAC <R-e-...-A.4, A.74). 
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12. Support Building HV AC - ZONE 5 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A. 75, A.103, A.105, A.106). 

b. State the component functions and discuss system operations 
(Ref. A.4, A.23). 

c. Using the appropriate drawing, discuss the control logic of the Zone 5 
HV AC (Ref. A.94). 

d. Discuss the alarm responses associated with control panel 451-CP-055-38 
(Ref. A.53). 

e. Discuss the instrument loop for Zone 5 HVAC (Ref. A.88). 

f. State the areas served by Zone 5 HVAC (Ref. A.4, A.75). 

13. Support Building HV AC - ZONE 6 

a. 

b. 

c. 

d. 

e. 

f. 

Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.76, A.103, A.104, A.105, A.106). 

State the component functions and discuss system operations 
(Ref. A.4, A.24). 

/\ 
*" .... ~ .. 

Using the appropriate drawing~ discuss the control logic of the Zone 6 
HVAC (Ref. A.95). c.~ ..... 

~("') 

Discuss the alarm responses as~~ted with control panels 451-CP-052-36, 
451-CP-052-39, 451-CP-052-40 (R.d. A.39, A.54, A.55, A.56). ·-
Discuss the instrument loop for :Z:~ HV AC 
(Ref. A.89, A.90, A.91, A.101). ~ 

p'.<" 
"'./ 

State the areas served by Zone 6 HV Act.cBef. A.4, A. 76). 
c_'? 
,,.,,,;~ 



14. Waste Handling Building HVAC - ZONE 1 
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a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.59). 

b. State the component functions and discuss system operations 
(Ref. A.2, A.14). 

c. Using the appropriate drawing, discuss the control logic of the Zone 1 
HVAC (Ref. A.66). 

d. Discuss the alarm responses associated with control panel 411-CP-063-16 
(Ref. A.40). 

e. State the areas served by Zone 1 HVAC (Ref. A.2, A.59). 

15. Waste Handling Building HV AC - ZONE 2 

a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exh~ust Fans, Heaters, Dampers, and Temperatnre 
Controllers) (Ref. A.59). -:~~, , ' 

~, ~ 

b. State the component function9and discuss system operations ,,., / 

(Ref. A.2, A.15). ·o 
~--c. Using the appropriate drawing, dls~ss the control logic of the Zone 2 

• <:"' 
HVAC (Ref. A.63, A.65). ~:i 

\,.. ,.,-
(_,') 

d. Discuss the alarm responses associate<'f;W!th the control panels 
/ 

(Ref. A.41, A.42, A.43). ~/ 

c% 
e. Discuss the Zone 2 instrument loops (Ref.S{.-68, A.69). 



16. Waste Handling Building HVAC - ZONE 4 
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a. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers) (Ref. A.61). 

b. State the component functions and discuss system operations 
(Ref. A.3, A.17). 

c. Using the appropriate drawing, discuss the control logic of the Zone 2 
HVAC (Ref. A.62, A.64). 

d. Discuss the alarm responses associated with the control panels 
(Ref. A.44, A.45, A.46, A.47). 

e. Discuss the Zone 4 instrument loops (Ref. A.68, A.69). 

17. TMF HVAC (Ref. A.3, A.18, A.48) 

a. Discuss system operations, functions and the components of the TMF 
HVAC. 

b. Using the appropriate drawing, be able to locate the major system 
components (Supply & Exhaust Fans, Heaters, Dampers, and Temperature 
Controllers). -; "• 

_,-~ ·" ,.,·,.,,, 

c. Using the appropriate drawing, discuss' <t-i?e.,control logic of the TMF 
HVAC. 1~; v_...; 

18. Seismic Monitoring System .. ~ 
4 
""~ a. Discuss the operation of the Seismic Monitori~ystem control panel 

711-SMP-00601 (Ref. A.12, A.109). ~ 
~ :;;.---

b. Discuss the alarm response associated with Seismi~nitoring Panel 
711-SMP-00601 (Ref. A.12, A.13, A.31, A.36, A.~. 

\.Y 
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,,. 

B. High Voltage Electrical 

1. Diesel Generators 

a. Using the 0 & M Manual, discuss basic diesel generator construction and 
identify the function of the major components (Ref. B.2) 

b. Using the shift operating logs, discuss the parameters monitored during 
diesel generator operation and identify actions to be taken if readings are 
out of specification (Ref. B.6, B.7, B.12, B.13, B.15, B.16). 

c. Discuss the alarms and explain the corrective action for the alarm on the 
diesel generator (Ref. B.15, B.16). 

d. State the sources of control power for the diesel generator output breakers 
(CB-Gland CB-G2) (Ref. B.6, B.18, B.19). 

e. Discuss the protective features for the diesel generator output breakers 
(CB-Gland CB-G2) (Ref. B.6, B.19, B.22). 

2. Area Substations and Switchgear 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

Discuss the protective features for the circuit breakers in Substation 3 
(Ref. B.6, B.19, B.20, B.22). 

State the tripping features provided by the Solid State Tripping Unit (SS11 
(Ref. B. l, B.6). 

Using the appropriate drawing, explain the normal and emergency control 
power circuits for Substation 3 (Ref. B.6, B.19). 

Usi~g ~e appropriate drawing, explain the closio,g interlocks for Substati•Jn 
3 c1rcu1t breakers CB-7, CB-8, CB-9, CB-10, ~&-11 (Ref. B.6, B.19). 

;:-"'.".'~ 
.:.--

State the loads supplied by the area substations (R~:-21). 

Discuss the requirements for danger tagging of hig~tage electrical 
breakers (Ref. B.6, B.8, B.11). ~ 

State the location of the load interrupter switches and e~ain the purpose 
of key interlocks (Ref. B:6, B.21). .,.,--



3. Plant and Utility Substations 
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a. Discuss the protective features for the circuit breakers in the Plant 
Substation (Ref. B.6, B.23). 

b. Using the appropriate drawing, explain the normal and emergency control 
power circuits in the Plant Substation (Ref. B.23). 

c. Using the appropriate drawing, discuss normal and alternate power supply 
to each substation of the electrical system (Ref. B.21). 

d. Using the appropriate drawing, discuss the Surface Backup Electrical 
Distribution System options using the I3:a .. kv cabling and the Plant 

_, ·• 
Substation (Ref. B.14, B.21). -: .~ 

:.? 
e. Using the appropriate drawing, explain the cfu~g interlock for Utility 

Substation CB-1 (Ref. B.6, B.22). '·/ 
'~; 

,,.: ..... ---
f. Explain the philosophy of relying on interlocks whl!,e operating the 

electrical system (Ref. B.6, B.14). C.::, 
l. 
\_~ 

g. Explain the required actions if a circuit breaker tripS:,9Jl fault 
(Ref. B.6, B.14). _,, 

\ ... ....... , 
(. .. 
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C. Low Voltage Electrical 

1. Motor Control Centers and Distribution Panels 

2. 

a. State the location and power sources for the Motor Control Centers 
(Ref. C.7, C.12 through C.28). 

b. Discuss the major loads supplied by the Motor Control Centers 
(Ref. C.7, C.12 through C.28). 

c. State the location of Distribution Panels (Ref. C.7, C.12 through C.28). 

d. Discuss the major loads supplied by the Distribution Panels 
(Ref. C.7, C.12 through C.28). 

e. State the location of the yard switchracks (Ref. C.18). 

f. Discuss the major loads on the yard switchracks (Ref. C.18). 

Uninterruptible Power Supplies 

a. Describe the function and basic openw"On of an uninterruptible power 
supply (Ref. C.1 through C. 7). ·< .... 

• . .-"") 
L..--~ 

b. Discuss the differences between the Main~p_fs and the other UPS systems 
(Ref. C.1 through C. 7). -;.-~ 

\:~-~~ 
c. Discuss the areas serviced by uninterruptible J!9~er supplies 

(Ref. C.7 through C.9). -~:;.. 

......... 
d. State the location of the uninterruptible power supplies 

(Ref. C.7, C.19, C.20, C.26). ·./ 



D. Underground Ventilation/Filtration 
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1. Using the appropriate drawing, explain the flow paths through the Underground 
Ventilation and Filtration System (Ref. D.15, D.16, D.17). 

2. Walk down the system and discuss the function of the major UVFS components 
(Ref. D.3, D.15, D.16, D.17). 

3. Describe the operation of the components listed below 
(Ref. D.3, D.10, D.15, D.16, D.17, D.18, D.19): 

a. 41-B-856 and 857 HEPA units. 

b. LR/R-7 Switch 

c. EV A Flow System (KURZ) 

4. Discuss the methods of filtration initiation listed below 
(Ref. D.3, D.10, D.18, D.21): 

5. 

a. Station A Initiation 

b. CMR Initiation 

c. 2 of N Initiation 

d. Local Initiation from control panel 413-CP-056-01 

Discuss the modes of operation ~perating limits for the 41-B-860 fan 
conditions listed below (Ref. D.3, it0o, D.13): 

a. 41-B-860 fan in filtration mod¢Q 
/" 

b. 

c. 

d. 

e. 

41-B-860 fan in Minimum Ventil~~ mode 

41-B-860 fan in Reduced Ventilation~e 
~ 

Diesel generator supplying site power.~ 
~ 

Operating with a failed 4l:B-856 or 857 i@.A unit. 
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6. Discuss the modes of operation and operating limits for the 41-B-700 fan 
conditions listed below (Ref. D.3, D.10, D.13): 

a. Alternate Ventilation mode. 

b. Normal Ventilation mode. 

c. Fan Trip Settings. 

7. Discuss the required actions under the following conditions 
(Ref. D.3 through D.10, D.12, D.13): 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

Station A CAM Radiation alarm. 

Station B CAM Radiation alarm. 

2 of N CAM Radiation a1irm causing shift to filtration. 
~;~~~ 

41-B-700 fan low flow alarin'? 
,,~ ',... 

4 l -B-860 fan low flow alarm~l;?.. 
'-'_....,.; 

'?~ 
Clogged indication on HEPA uni\4j.-B-856 or 857. 

c.:1 
Waste tower high differential pressiJ.re:'...aiarm. 

41-B-700 Fan Vibration Alarms. 
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E. Fire Detection, Fire Suppression and Domestic Water 

1. Fire pumps and piping systems 

a. Walle down the fire and domestic water systems and state the location of 
tanks, pumps and major isolation valves (Ref. E.11, E.17, E.18). 

b. Describe the following pumps function, capacity and control setpoints 
(Ref. E.1, E.2, E.10, E.11, E.13): 

(1) Jockey pump 

(2) Electric fire pump 

(3) Diesel fire pump 

c. State the five diesel fire pump alarms that will give a common trouble light 
(Ref. E.11, E.16). 

d. State the minimum fuel requirements for the diesel fire pump 
(Ref. E.11, E.13). 

e. Describe the fire water system lineup during a power outage (Ref. E.11). 

f. State the amount of water dedicateJ to fire protection and describe the 
system design that ensures water availability (Ref. E.11). 

2. Domestic Water system 

a. Describe the function and operation of the water storage tanks including: 
capacity, level monitoring, level controJ and location of level monitoring 
readouts (Ref. E.3, E.6, E.12, E.18(,'E-),22, E.25, E.27, E.29). 

--·~ 

b. Discuss manual fill of domestic water iin1 and state the basis for the 
maximum flow rate (Ref. E.12, E.14). ··~ 

.. ,,... 
c. Discuss the function and operation of the dri;,(~tic water pumps including: 

,~ 

capacity, control setpoints and control signals "~ 
(Ref. E.12, E.23, E.25, E.27). 0 

~ 
·- /,1', 

d. State how domestic water pressure is maintained Cfurlng normal operation 
(Ref. E.6, E.12, E.14). c{;, 

\ _,,.,. 
e. Discuss the function and operation of the hypochlorinator system including: 

control signals, chemical used, safety precautions and pump operation 
(Ref. E.7, E.9, E.12, E.27). 
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f. Discuss the function, operation, and alarms associated with the chlorine•'" ' 
analyzer system (Ref: E.4, E.7, E.12, E.14). 

g. Discuss the function and operation of the Chlorine -Gas Alarm 
(Chloroguard) system (Ref. E.8, E.9, E.12, E.14).-:-;- '. 

3. Fire suppression and detection 

a. Describe the WHB fire detection and suppression zones and operation of 
fire control panels in the WHB and Support Building -~-::: 
(Ref. E.11, E.19, E.20, E.21). 

.-.., .. 

-· -

'" 
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F. Compressed Air 

1. Site Air Systems 

a. Walk down the site air system and state the locations of the air 
compressors, air dryers, air receivers, cooling water package components 
(Ref. F.9, F.17, F.18, F.30). 

b. Discuss the system operation and state the location of major isolation 
valves (Ref. F.9, F.17, F.18, F.30). 

c. Discuss the components supplied by the instrument air and plant air 
systems in the following locations: 

(1) Waste Handling Building (Ref. F.9, F.26). 

(2) Support Building (Ref. F.9, F.19, F.31). 

(3) Exhaust Filter Building (Ref. F.9, F.25). 

2. Ingersoll-Rand XLE-NL Compressors 

3. 

a. Discuss the function and operation of the Ingersoll-Rand XLE-NL air 
compressors (Ref. F. l, F.9, F.10). 

b. 

c. 

d. 

e. 

Explain the meaning of the term "non-lubricated" as it applies to the 
Ingersoll-Rand XLE-NL air compressors {R~f. F. l, F.9). 

"/:-
~,,,.,. 

State the safety precautions and the controls required when working with 
the cooling water system (Ref. F.9, F.10). ~ 

~ 
State the conditions that will cause an alarm actuation or automatic 
shutdown of an Ingersoll-Rand XLE-NL air com~sor 
(Ref. F.l, F.9, F.14, F.15, F.18). ~ 

0 
State the location and setpoints of pressure reliefs ~ated with the 
Ingersoll-Rand XLE-NL air compressors (Ref. F.1, ~ F.17). 

Sullair Air Compressors S' ...... 
a. Discuss the function and operation of the Model 20 and Model 25 Sullair 

air compressors (Ref. F.3, F.4, F.9, F.11). 

b. State the three purposes that oil flooding serves in the Model 20 and Model 
25 Sullair air compressors (Ref. F.3, F.4, F.9). 

~ 

c. State the conditions that will cause an automatic shutdown of the Model 20 
and Model 25 Sullair air compressors (Ref. F.3, F.4, F.9, F.30). 
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d. State the location and setpoints of pressure reliefs associated with the '* 

Sullair air compressors (Ref. F.3, F.4, F.9, F.30). 

e. Describe how discharge air pressure is controlled for the Model 20 and 
Model 25 Sullair air compressors (Ref. F.3, F.4, F.9). 

4. Ingersoll-Rand Type 30 Compressors 

a. Discuss the function and operation of the Type 30 Ingersoll-Rand air 
compressors used at the Support Building and the Exhaust Filter Buildings 
(Ref. F.2, F.9, F.12). 

b. Describe "Constant Speed" as it applies to the regulation of the Type 30 
Ingersoll-Rand air compressors at the Exhaust Filter Building 
(Ref. F.2, F.9). 

c. Describe "Dual Control" as it applies to the regulation of the Type 30 
Ingersoll-Rand air compressors at the Support Building (Ref. F.2, F.9). 

d. State the conditions that will cause an alarm actuation or an automatic 
shutdown of a Type 30 Ingersoll-Rand air compressor 
(Ref. F.2, F.9, F.25, F.31). 

e. State the locations and setpoints of pressure reliefs associated with the 
Type 30 Ingersoll-Rand air compressors (Ref. F.2, F.9, F.25, F.31). 

5. Curtis-Toledo Model ES-20 Compressor 

6. 

a. Describe the method used to control the Model ES-20 Curtis-Toledo air 
compressor (Ref. F.5, F.9). 

b. State the location and setpoint of the relief associated with the Model ES-
20 Curtis-Toledo air compressor (Ref. F.5;E.9). 

"" ...... ·:v:: 
Hankison Model 801600 Refrigerated Air Dryer 0 

~ 
a. 

b. 

c. 

Describe the operation of the Hankison Model ~ 600 refrigerated air 
dryer (Ref. F.7, F.9). ~ 

State the reason for the r~uired warm-up period ~e Hankison Model 
801600 refrigerated air dryer following a loss of~ (Ref. F. 7, F.9). 

~ 
State .the function of the low ~d high ~efrigerant pres~ ~utouts for ti-~,. '. 
Hankison Model 801600 refngerated au dryer (Ref. F .1:J::Y .9). , 

\)-"' 

d. State the possible causes of the actuation of the high air temperature light 
on the Hankison Model 801600 refrigerated air dryer (Ref. F.7, F.9). 
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7. Hankison Series DH-2100 Regenerative Air Dryer 

a. Describe the operation of the Hankison Series DH-2100 regenerative 
desiccant air dryer (Ref. F.6, F.9). 

b. State the automatic functions that occur if the Hankison Series DH-2100 
regenerative desiccant air dryer loses control panel power (Ref. F.6, F.9). 

c. State the automatic functions that occur if a switching failure or 
temperature probe malfunction is indicated on the control panel of the 
Hankison Series DH-2100 regenerative desiccant air dryer (Ref. F.6, F.9). 

d. State the purpose and operation of the moisture indicator on the Hankison 
Series DH-2100 regenerative desiccant air dryer (Ref. F.6, F.9). 

8. PALL AMLOC-DHA Regenerative Air Dryer 

a. 

b. 

c. 

d. 

Describe the operation of a PALL AM~-DHA regenerative desiccant 
air dryer (Ref. F.8, F.9). ~ 

0 
State the automatic function that occurs if ~ALL AMLOC-DHA 
regenerative desiccant air dryer control pan~ses power (Ref. F.8, F.9). 

:;..--
y::; 

State the automatic function that occurs if a ~L AMLOC-DHA 
regenerative desiccant air dryer displays a Ch~er Performance 
Degrading alarm (Ref. F.8, F.9). O 

~ :;:.-1" 
State the purpose of the AQUADEX moisture indjeator on a PALL 
AMLOC-DHA regenerative desiccant air dryer an~e normal and 
abnormal moisture indications (Ref. F.8, F.9). 0 

\,)."" 
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1. Basic Refrigeration Concepts 

a. Draw a one line diagram of the basic refrigeration cycle and discuss the 
function of each component (Ref. G.l, G.2, G.3, G.10, G.11). 

b. Discuss the operational differences between reciprocating and centrifugal 
chillers (Ref. G.3, G.4, G.11). 

c. State the reason for using immersion heaters in chiller oil systems 
(Ref. G.3, G.9, G.11). 

d. Discuss the reason for maintaining proper oil level during compressor 
operations and discuss consequences of inadequate oil level 
(Ref. G.2, G.3, G.11). 

2. Main Plant Chiller 

a. 

b. 

c. 

d. 

State the function of the Main Plant Chiller and discuss the components 
supplied with chilled water (Ref. G.6, G.11). 

Discuss how the compressor_motor is cooled (Ref. G.6, G.11). 
...~ 

,,-,,-:-
Discuss the tagout locations f~:tlje main plant chillers and state when the 
different locations would be u~Ref. G.11, G.23) ,,,... 

"(::) 
Using the roving watch logs, disc~ the normal readings and the reasons 
for monitoring the following indicae'ons also be able to discuss the actions 
to be taken if the readings are out o't<~ification. (Ref. G.6, G.11, G.12):: 

0 
( 1) Condenser Pressure ~ 

~ 
(2) Evaporator Pressure cs 
(3) Low Oil Pressure v--

( 4) High Oil Pressure 

e. Describe the function of,~e following components (Ref. G.6, G.11): 

(1) Percent current control. 

(2) Control point control. 

(3) Vane position indicators. 



f. 

g. 

h. 

1. 

j. 

k. 

1. 

FO-OUIDE-1 Rev. 1 
Section ill-RW Page 19 of 22 

State the purpose of the following system indicator lights on the chiller 
control panel (Ref. G.6, G.11): 

(1) Safeties Satisfied 

(2) Cooling Required 

(3) Restart Time Elapsed 

(4) Chilled Water Pump 

(5) Oil Pump 

(6) System 

Discuss the function of the following safety indicators on the chiller control 
panel (Ref. G.6, G.11): 

(1) Low Oil Pressure 

(2) High Condenser Pressure 

(3) Low Refrigerant Pressure 

(4) High Motor Temperature 

(5) Starter Fault 

(6) High Oil Temperature 

---.\ 
Discuss the sequence of chiller operation, from~ooling required to setpoint 
satisfied (Ref. G.6, G.11). <(_:; 

4 ,.,.,..-. 
Discuss safe practices to be followed when addiitt:htakeup water to the 
chilled water system (Ref. G.11, G.12). ~ 

Discuss the chiller lead/lag selector switch, the chi~chiller pump pairing 
selector switch and the effects these switches have of(jlbrmal chiller 
operation (Ref. G.11, G.12, G.20). ~ 

·- :;;...--
Describe the operation of the pneumatically actuated chiU&:l water valves 
(Ref. G.11, G.12, G.17). ~:._ 

State the location and explain the purpose of the differential pressure 
bypass valve in the chilled watei:, system loop (Ref. G.11, G.17, G.18). 



3. 

4. 
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Engineering Building Chiller 

a. State the function, capacity and type of the Engineering Building chiller 
also discuss the location of the components and power disconnects 
(Ref. G.9, G.11, G.26). 

b. Using the chiller 0 & M manual, identify and discuss the functions of the 
control panel components. (Ref. G.9) 

c. Discuss the function following chiller safeties and interlocks 
(Ref. G.9, G.11): 

(1) Chilled water flow switch 

(2) Low ambient lockout temperature 

(3) Compressor motor protectors 

(4) High discharge pressure switches 

(5) Compressor motor overloads 

(6) Low water temperature cutout 

(7) Three phase power monitor 

d. Discuss the chiller control diagnostic indicators (Ref. G.9, G.11) 

e. Discuss chilled water system makeup (Ref. G.14). 

f. Discuss the compressor oil levels during normal operations and when the 
unit is secured (Ref. G.9, G.11). 

g. State the tagout locations for the various components associated with the 
engineering building chiller unit (Ref. G.14, G.2~. 

_.,. 
Safety Building Chiller O 

:;....-" 

a. 

b. 

c. 

~ 
State the function, type and capacity of the Safety @ting chiller also 
discuss the location of tl\£._components and power di~nects 
(Ref. G.10, G.11, G.13). 0 

~ 
Using the chiller 0 & M manual, identify and discuss ijl.6.functions of the 
unit operating panel components (Ref. G.10). ~ 

(') 

State the tagout locations for the various components ass0ciated with tilt 
safety building chiller unit (Ref. G.26). 



H. Central Monitoring System 

1. Plant Communications Equipment 

FO-GUIDE-1 Rev. 1 
Section ffi-RW Page 21 of 22 

a. Discuss the operation and proper use of the Motorola Two-way radios 
(Ref. H.14, H.47). 

b. State the purpose and general operation of the Gai-Tronics System 
(Ref. H.12, H.13, H.14, H.18). 

c. Discuss the operation of the Public Address System 
(Ref. H.12, H.13, H.14, H.18). 

d. Discuss the operation of the Mine Pager Phone 
(Ref. H.12, H.13, H.14, H.47). 

I. Waste Water Treatment 

1. Walk down the Sewage Lagoon system and discuss the purpose of the ponds and 
major system components (Ref. 1.4, 1.5, 1.8). 

2. Discuss the theory of operation, function and basic operating procedures for the 
Sewage Lagoon system (Ref. 1.4, 1.5). 

3. State the normal operating depth for an in-service pond (Ref. 1.4, 1.5). 
--:"' -4. State the minimum depth for a standby pond (Ref. 1.4, I.Sp ---r:: 

5. State the minimum depth for an evaporation pond (Ref. 1.4:::!:5) . 
.,,~.-

6. Discuss in detail, the health hazards associated with waste ~r treatment 
(Ref. 1.1, I.4). ";::;. 

~ 
7. Discuss in detail, the safety hazards and precautions associatet~ith the operation 

of the Sewage Lagoon (Ref. 1.1, I.4). C 
\...--' 



J. 
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Plant Vacuum 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Walle down the plant vacuum system in the Waste Handling Building and Support 
Building and discuss the location of major equipment and system isolation valves 
(Ref. J.2, J.4). 

Describe the purpose of the vacuum system (Ref. J.2). 

Discuss the basic operation the Busch vacuum pumps (Ref. J.l, J.2). 

State what system provides cooling water to the Busch vacuum pumps (Ref. J.9). 

Explain the lead/lag control feature for the vacuum pump pairs (Ref. J.2, J.6). 

-r 
Discuss the waiting period required to determine true:::.~l level for a vacuum pump 
(Ref. J.l, J.2, J.3). '"o 

-.1' 
Describe how the intake filter element condition is mo~ed (Ref. J.l, J.2). --State the function of the system cross-tie valve (V-411-~0) (Ref. J.2). 

~ 
~ 

State the purpose of the pressure switches in the vacuum §em (411-PT-029-001 
and 411-PT-029-002) (Ref. J.2). u- , 

-;?' -::::: 
State the purpose of the exhaust filter (41-E-019) (Ref. J.2)~ 

0 
\;;---



III. SYSTEM KNOWLEDGE REQUIREMENTS - CMRO 

A. CMS Equipment 

1. State the Purpose of a Local Processing Unit (LPU) 
(Ref. H. l, H.2, H.12). 

2. Discuss the purpose of the Data Highway 
(Ref. H.l, H.5, H.12). 
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3. Discuss the interrelationships between the LPUs, the field sensors and the data 
highway (Ref. H. l, H.2, H.5, H.12). 

4. Discuss the function of the Engineer's Console (EMI-205) (Ref. H.l, H.3, H.12). 

5. Discuss the locations, function and operation of the Operator's Consoles 
(OMI-210, OMI-211, OMI-212, OMI-214) (Ref. H.l, H.2, H.12). 

6. Discuss the purpose and operation of the Historical Storage & Retrieval Unit 
(HSR-160) (Ref. H.1, H.9, H.12, H.18). 

7. Discuss the purpose, operation and locations of the Personal Computer On
Highway consoles (PCH-140 and PCH-141) (Ref. H.l, H.6). 

8. Discuss the purpose and operation of the VAX Computer Interface Unit 
(VXI-185) (Ref. H.1, H. 7, H.8). 

-
9. Discuss the purpose, operation and locations of the Fiber-Optic Repeater Units 

(FOR-001 and FOR-002) (Ref. H. l, H.5). 

B. Operator Casualty Actions 

1. State the immediate actions required by the CMR operator in response to the 
following conditions: ) 

~ 

a. Surface/Underground Earthquake Alarm (Ref. li,}3) --
b. Surface/Underground Seismic Event Alarm (Ref~53) 

c. Underground Ventilation.!!id Filtration System ~)Fan Low Flow 
Alarm (Ref. H.34, H.36) u-

7:-
d. UVFS Ventilation Fan High Vibration Alarm (Ref. @_5) 

0 
e. UVFS HEP A Filter High Differe!!tial Pressure Alarnt (Ref. H.37) 

f. High Wind/Tornado (Ref. H.51) 
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g. Severe Thunderstorm (Ref. H.51) 

h. Waste Hoist Tower High Differential Pressure Alarm (Ref. H.38) 

i. Surface Fire (Ref. H.52) 

j. Underground Fire (Ref. H.54) 

k. LPU/UPS Alarm (Ref. H.40) 

l. VOC Trouble Alarm (Ref. H.41) 

m. Low Plant Air Pressure Alarm (Ref. H.46) 

C. TRANSCOM System (Ref. H.10, H.48, H.49) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

State the primary objective of TRANSCOM. 

Discuss other major agencies that are users of TRANSCOM. 

List the major components of the TRANSCOM System. 

List at least three (3) ways the CMRO & Driver can communicate with each 
other. 

List at least (4) instances when the CMRO will initiate communications with the 
drivers. 

Discuss the responsibilities and actions that are required if TRANSCOM is 
non-operational. 

Discuss the log-on process for the TRANSCOM system. 

State the CMRO responsibilities in relation to TRUP.~CT-II shipments. 
.:5 

Define "Point of contact" as it relates to the CMR. ~ 

Describe what actions are to be taken when the vehicle~n does not appear to be 
moving on the Tracking screen. ~ 

·- ~ Describe what actions the CMRO would take if the drive~C> not responding to 
messages. u-

-;7-. 
State who will be the designated user for all TRUPACT-II snjpments. 

CI--

Define "JNACC" and explain its role as it relates to the c£ 
Discuss the process for finding "Safe Parking" areas for TRUPACT-Il shipmenl'l. 



D. 
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15. State what weather condition(s) mandatorily stop a TRUPACT-II shipment. 

16. Discuss the CMRO responsibilities during a "Carrier Breakdown". 

17. Discuss the CMRO responsibilities during a "Delay enroute". 

18. Discuss the CMRO responsibilities during "Enroute Harassment and/or Sabotage". 

19. Discuss the responsibilities of the CMRO before shipments are released to their 
destinations. 

20. Discuss "Deviation from Route". 

21. Describe what documentation is used by the TRANSCOM operator. 

22. Discuss when and how the CMRO will make contact with the FBI or Local Law 
Enforcement Agencies (LLEA). 

23. Define an "Emergency" condition as it relates to TRANSCOM. 

24. Describe the information available on the Emergency Database in the 
TRANSCOM System. 

25. List the actions the CMRO will take when notified that the TR.UP ACT-II has been 
involved in an accident. 

26. State what types of accidents the carrier is reqm~ to report to the CMR. -., -;:, ..... 
Discuss the responsiblities and operator actions ~uired as they relate to the Bill 27. 
of Lading (BOL). ~ 

'?-
28. Discuss what information is available in the differ~sections of TRANSCOM. 

...-..;. 
.:---'. Discuss the TRANSCOM Trip-Log. ~ 
0 

29. 

KA VOURAS Weather System (Ref. H.11) 

1. Describe the KA VOURAS Weather System. 

v-~ 

2. State the minimum number of times the CMRO will access KA VOURAS during 
inclement weather along TRUPACT-II routes. 
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ID. SYSTEM KNOWLEDGE REQUIREMENTS - U/G ROVING WATCH 

To complete the requirements in the Signature Record Form, the SME will certify, by oral examination .. 
that the candidate has adequate knowledge of the objectives listed below. 

A. Underground Compressed Air System 

1. Describe the flowpath of compressed air in the underground (Ref. K.12). 

2. State the primary and backup air compressors used to supply compressed air to the~ 
underground (Ref. K.6, K. 7). 

3. Discuss the required actions taken when plant air pressure reaches a low alarm 
condition (Ref. K.3). 

4. State the primary uses of compressed air in the underground (Ref. K.12). 

5. Describe how bulkhead doors are isolated both m~anically and electrically for 
maintenance (Ref. K.8 through K.12). --;;::,. 

0 
6. Discuss the required actions taken if an airline is f~ to be broken or leaking 

(Ref. K.3, K.4). c;2. 
't"'-: 

7. State what device must be attached to both end coupli~ of a flexible air line 
(Ref. K.2). 0::. 

0 
8. Discuss precautions to be taken when work has to bed~ on an air line in the 

~ underground (Ref. K.2, K.4). ...-
~ 

9. State the necessary precautions to be taken to protect per~ from injury when 
using compressed air (Ref. K.2). 
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B. Underground Electrical System 

1. Westinghouse 480 Volt Circuit Breakers 

a. Discuss the precautions and normal procedure for operating a 
Westinghouse 480V circuit breaker (Ref. L.2, L.14). 

b. Explain the procedure for locking out a Westinghouse 480V circuit breaker 
including how to verify that it is de-energized 
(Ref. L.2). 

c. Discuss the relays and protective devices associated with Westinghouse 
480V circuit breakers (Ref. L.33, L.34, L.35). 

d. State the location of all Westinghouse 480V Circuit Breakers 
(Ref. L.33, L.34, L.35). 

2. Ensign-Hubbell 13.8kV Circuit Breakers 

3. 

a. Discuss the precautions and normal procedure for operating an Ensign
Hubbell 13.8 kV circuit breaker (Ref. L.1, L.14). 

b. Explain the procedure for locking out an Ensign-Hubbell 13.SkV circuit 
breaker including how to verify that it is de-energized (Ref. L.l). 

c. Describe how to test and reset an Ensign-Hubbell "95" Relay Ground Fault 
Interrupter (Ref. L.1). 

~ 
Discuss the relays and protective devices as~ted with Ensign-Hubbell 
13.8kV circuit breakers (Ref. L. l). . 

d. 

6 --~ Switching Stations and Substations 

a. 

b. 

c. 

Describe the basic differences between switchin~tions and substations 
in the underground (Ref. L. l, L.5). ():::. 

0 
Describe the purpose of the Kerf keys and state *e they are located 
(Ref. L.24). _.. 

~ 
Discuss the operation of .~e Cimco Overtemperatu~evice on Switching 
Station #4 (Ref. L. 7). 

d. State the purpose and location of the Emergency Stop Buttons on each 
switching station (Ref. L.l, L.24). 
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4. Electrical Distribution 

a. Draw a one-line diagram of the underground electrical distribution system 
from the plant substation (25P-SWG15/l) to the 480V substations 
underground (Ref. L.24). 

b. Using the diagram created in B.4.a. and the listed references, discuss the 
following: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Normal electrical distribution switch lineup 
(Ref. L.15, L.24). 

Location of interlocks and the policies and procedures regarding the 
reliance upon those interlocks 
(Ref. L.9, L.15, L.24) 

Location, power source and basic operation of remote switches 
(Ref. L.16, L.24, L.30 through L.32) 

Normal backup power distribution switch lineup 
(Ref. L.16, L.24). 

Backup power distribution options A, B and C (Ref. L.16, L.2't, 

Location, function and operation of Three-Pole Double Throw 
Switches (Ref. L.24, L.30 through L.32). 

Locations of all underground switching stations 
(Ref. L.24, L.30 through L.32). --,, ) 
Locations of all underground subs~ns 
(Ref. L.24, L.30 through L.32). o 

(9) Normal locations of all Portable Po~enters and their lower 
voltage systems (Ref. L.24, L.30 thr~ L.32). 

C::!'. 
( 10) Discuss the alternate power supply to Siistation 3 

(Ref. L.16, L.24). '§ 
U-

c. Discuss the major loads on the underground suli&tions ·-· --(Ref. L.24). ~ 

d. Discuss the transferring of 480V loads between S~tations 1 and 4 
(Ref. L.16). 

e. Discuss the precautions and basic operation of 13.8 kV Load Interrupter 
Switches (Ref. L.l, L.14) 



5. 
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f. Discuss the "Critical Loads" as determined by WP04-ED1621 and WP04-
ED1631 (Ref. L.15, L.16). 

g. Discuss the operation of single pole circuit breakers on lower voltage 
systems (Ref. L.3). 

h. Discuss the major loads on the following distribution centers: 

(1) 53P-SBD04/5 (Ref. L.37) 

(2) 53P-DP04/7 (Ref. L.38) 

(3) 53P-DP04/10 (Ref. L.39) 

(4) 53P-DP04/28 (Ref. L.37) 

(5) 53P-SBD04/4 (Ref. L.36) 

(6) 53P-MCC04/2 (Ref. L.36) 

i. Discuss the precautions and procedures for the use of high and low voltage 
couplers (cables) for switching stations and portable power centers 
(Ref. L.9, L.12). 

J. Discuss the operation of the Toshiba 1400 series UPS 
(Ref. L.4). 

Operating Principles and Policies 

a. Discuss the duties and responsibilities of the u~ground facilities 
technician with respect to operation of the undergtound electrical 
distribution system (Ref. L.11, L.12, L.13, L.l~ 

~ 
b. piscuss the restoration of SNL Experimental loa~ef. L.16). 

u,.... 
c. State the required actions to be taken if an unlabelacthreaker requires 

operation (Ref. L.11, L.12, L.14). ~ 

d. State the required actions to be taken in the event o&npped circuit 
breaker. (Ref. L.14) 

e. State the required actions to be taken in the event of an emergency 
involving electricity. (Ref. L.18) 
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1. Discuss how air flow is achieved underground. (Ref. M.6) 

2. Describe the path of underground air flow during normal ventilation 
(Ref. M.12, M.27) 

3. Describe the path of underground air flow during filtration mode 
(Ref.M.12, M.28) 

4. Discuss the four underground "air splits" (Ref. M.26) 

5. Describe the bulkhead door and regulator lineup for normal ventilation mode 
(Ref. M.26) 

6. Describe the bulkhead door and regulator lineup for filtration mode (Ref. M.28) 

7. Explain the necessary actions to increase air flow in the following areas 
(Ref. M.27): 

a. Mining area 

b. Experimental area 

c. Storage (Panel) area 

d. Waste Station area 
.l 
• 

8. Discuss the operation of the underground bulkhead dooij)and how they can effect 
the air flow (Ref. M.3, M.27) ·-?. 

,,.o--

r.? 
9. Discuss Manual operation of bulkhead doors without el~cal power (Ref.M.3) 

d. 
10. Discuss the purpose, location and power supplies of the ~rground "Control 

Doors". (Ref. M.4, M.16, M.17, M.26) O 
\.l-

11. Discuss manual and electrical operation of bulkhead regulaf'.it8. (Ref. M.2) --
12. State the power supply to the bulkhead regulators (Ref. M.1~.17, M.22) 

u-
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13. Discuss the ventilation alignment for the following conditions during startup and 
shutdown (Ref. M.12): 

a. Normal Ventilation Mode 

b. Alternate Ventilation Mode 

c. Reduced Ventilation Mode 

d. Minimum Ventilation Mode 

e. Filtration Mode 

14. State the person who must be notified before ventilation may be stopped in any 
area. (Ref. M.4) 

15. State the following coltrol and alarm setpoints for the waste tower (Ref. M.11): 

a. Backdraft dampers open 

b. 1st 41-B-700 fan shuts down automatically 

c. 2nd 41-B-700 fan shuts down automatically 

16. State the purpose of the Filtration System (Ref. M.7, M.8, M.11). 

17. Discuss the purpose of the S-400 and S-1300 differential pressure indications and 
alarms (Ref. M.8, M.12). 

18. 

19. 

20. 

21. 

22. 

\ ___ .1 

'f 
State the power supplies to the S-400 and S-1300 differen~ pressure panels 
(Ref. M.18, M.22). -

~ .r,-_ 

State the purpose of the underground booster fans (Ref. ~. 
~ 

List the locations of the booster fan control panels (Ref. M~. 
0::. 

Describe the normal switch lineup for the booster fan controt_e.nels 
(Ref. M.12, M.13). -;-r ,.,_ ---
State who is authorized to order a reversal of the underground(.V~.!1tilation air flow. 
(Ref. M.13) - c~--



FO-GUIDE-1 Rev. 1 
Section ill-UGRW Page 7 of 9 

23. Describe the air flow path, bulkhead door lineup and regulator settings for th!"' 
following situations (Ref. M.13, M.29 through M.31): 

a. Air reversal in the Mining area 

b. Air reversal in the Experimental area 

c. Air reversal in the Air Intake Shaft Area 

24. Describe the operation of a Davis Anemometer (Ref. M.1). 

25. Discuss the total Cubic Feet per Minute (CFM) of air needed for the operation of 
each piece of diesel powered equipment (Ref. M.5). 

.,..-
26. State the purpose and location of all underground auxilltu:.Y fans (Ref. M.6, M.26) 

tt'-

27. State the required actions in the event of a loss of an au~ fan in a dead end 
drift (Ref. M.4, M.12). O -28. Describe the rib reflectors and discuss their respective co\60 (Ref. M.5) 

...:-:;. 
~-

29. Discuss the underground evacuation routes (Ref. M.5). C::: 
C::" 

30. Discuss the information that is required by 30 CFR to be Ii~ in the Mine 
Ventilation Plan (Ref. M.4, M.5). --

C.~ 
-) , __ 
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1. Discuss the procedures and policies regarding inspection of fuel stations and fuel 
storage trailers (Ref. N.3). 

2. Discuss the required actions if a fuel station or a fuel storage trailer does not pass 
inspection (Ref. N.2, N.3, N.5) 

3. Describe the required actions in the event of a fuel spill (Ref. N.3, N.4, N.5). 

-4. Discuss the process for tagging and locking out a fuel station (Ref. N.2, N.3). --,,~-
5. Discuss the required actions in the event of a fuel station failure (Ref. N.2, N.3) . 

.-;----6. Discuss the precautions and basic procedure for removing gry chemical tank cap 
(Ref. N.l, N.3). \-'~;; 

+!:..--

7. State the precautions for removing an electrical control head~~ef. N.1, N.3) . .. ~ ·-

8. Describe the applicable safety precautions for refueling with the.fire suppression 
system inoperable (Ref. N.2). ·.:.:.:.:: 

(",,. 
....._,..-
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1. Discuss the operating principles and procedures for the unde!gi:ound seismic 
monitoring system (Ref. 0.1 through 0.6). -;:: 

0 
2. State the location of all underground seismic monitoring equigment (Ref. O. 7). 

3. Discuss the alarm responses associated with the underground $ei"$mic monitoring 
system control panel (Ref. 0.4, 0.5). ';;.~ 

~.,..:_-
............ 

4. State the sources of electrical power to the underground seismi~monitoring system 
control panel (Ref. 0.1, 0.9). 

i,...-
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IV. SYSTEM OPERATION PRACTICAL EVALUATION - ROVING WATCH 

The tasks listed below identify the task number and refrence that match the Signature Record Form. 
The SME or OJTE will certify, by personal observation, that the candidate possesses the skills and 
knowledge necessary to safely perform the tasks without assistance. The SME or OJTE still retain full 
responsibility and accountability for the proper operation of plant equipment. 

A. HVAC 

1. TRUPACT MAINTENANCE FACILITY HVAC 

a. (101.1) Startup the TMF HVAC in accordance with Ref. A.18. 

b. (101.2) Shut down the TMF HVAC in accordance with Ref. A.18. 

2. -GUARD & SECURITY BUILDING HVAC :,J 
z 

a. (101.3) Startup G&SB HV AC in accordaQ with Ref. A.26. 
~ 

b. (101.4) Shut down G&SB HVAC in acco481ce with Ref. A.26. 

3. 
r--.c:::: 

ENGINEERING BUILDING HV AC ....:-;: 

·c-c. 
a. (101.5) Startup Engineering Building HV AC.in accordance with 

Ref. A.28. "::~ 

b. (101.6) Shut down Engineering Building HV ACin accordance with 
Ref. A.28. ·? 

4. SAFETY BUILDING HV AC 

a. (101. 7) Startup Safety Building HV AC in accordance with Ref. A.27. 

b. (101.8) Shut down Safety Building HVAC in accordance with Ref. A.27. 

5. EXHAUST FILTER BUILDING HVAC 

a. (101.9) Startup Exhaust Filter Building HV AC in accordance with 
Ref. A.25. 

-· b. (101.10) Shut down Exhaust Filter Building HV AC in accordance with 
Ref. A.25. 
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6. SUPPORT BUILDING HV AC 

a. (101.11) Start up Support Building Zone 1, 4 or 5 HVAC in accordance 
with Ref. A.19, A.22 or A.23 as applicable. 

b. (101.12) Shut down Support Building Zone 1, 4 or 5 HV AC in 
accordance with Ref. A.19, A.22 or A.23 as applicable. 

c. (101.13) Start up Support Building Zone 2 HV AC .in accordance with 
Ref. A.20. 

d. (101.14) Shut down Support Building Zone 2 HV AC in accordance with 
Ref. A.20. 

e. (101.15) Start up Support Building Zone 3 HV AC in accordance with 
Ref. A.21. 

f. (101.16) Shut down Support Building Zone 3 HVAC in accordance with 
Ref. A.21. 

g. (101.17) Start up Support Building Zone 6 HVAC in accordance with 
Ref. A.24. 

h. (101.18) Shut down Support Building Zone 6 HV AC in accordance with 
Ref. A.24. 

7. WASTE HANDLING BUILDING HV AC 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

(101.19) Start up Waste Handling Building Zone 1 HVAC in accordance 
with Ref. A.14. -~ 
(101.20) Shut down Waste Handling Building Zone 1 HV AC in 
accordance with Ref. A.14. 0 

z 
(101.21) Start up Waste Handling Buildiieone 2 HVAC in accordance 
with Ref. A.15. ~ 

(101.22) Shut down Waste Handling Buildi Zone 2 HV AC in 
accordance with Ref. A.15. O 

\..l-

(101.23) Start up Was~Handling Building ~e 2 HVAC in Manual in 
accordance with Ref. A.15. ex::: 

0 
(101.24) Shut down Waste Handling Building..ZOne 2 HV AC in Manu 
accordance with Ref. A.15 . 

. (101.25) Start up Waste Handling Building Zone 4 HV AC in accordance 
with Ref. A.17. 
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h. (101.26) Shut down Waste Handling Building Zone 4 HV AC in 
accordance with Ref. A.17. 

i. (101.27) Start up Waste Handling Building Zone 4 HV AC in Manual in 
accordance with Ref. A.17. 

J. (101.28) Shut down Waste Handling Building Zone 4 HV AC in Manual in 
accordance with Ref. A.17. 

k. (101.29) Set up the Surface Seismic Monitoring System for operation in 
accordance with Ref. A.12. 

1. (101.30) Perform the quarterly Surface Seismic System Operational Test 
in accordance with Ref. A.13. 

B. High Voltage Electrical 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

(102.1) Perform a site-wide power outage and recovery in accordance with 
Ref. B.9 through B.14. 

(102.2) Perform a local startup of a diesel generator in accordance with 
Ref. B.12 or B.13. 

(102.3) Record one set of operating logs on an operating l lOOkW diesel 
generator in accordance with Ref. B. 7. 

(102.4) Perform a local shut down of a diesel generator in accordance with 
Ref. B.12 or B.13. 

( 102.5) Refuel the diesel generator fuel tank in accordance with 
Ref. B.12 or B.13. :>-"". 

:_J 

(102.6) Line up a diesel generator for remote start from e CMR in accordance 
with Ref. B.12 or B.13. :Z: 

(102. 7) Open and close a load interrupter switch in area ~tations 2, 4, 6 or 7 
in accordance with Ref. B.10. ~ 

~ 
(102.8) Open and close area substation 1 load interrupter $flch 25P-SW15/1Bl 
in accordance with Ref. B.10. 0 

·-· W-

(102.9) Open and close the Exhaust Shaft Feeder Vacuum ~rrupter Switch, 
25P-VIS15/ll, both electrically and mechanically in accorctance with Ref. B.10. 

c:> 
\.-'·-

(102.10) Rack out a 13.8 kV breaker to the test position and full disconnect 
position in accordance with Ref. B.11. 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
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(102.11) Rack in a 13.8 kV breaker to the connect position in accordance with '1.•" 

Ref. B.11. 

(102.12) Locally open and shut a 13.8 kV breaker in accordance with Ref. B.11. 

(102.13) Rack out a 480 volt substation breaker to the test position and full 
disconnect position in accordance with Ref. B.11. 

(102.14) Rack in a 480 volt substation breaker to the connect position in 
accordance with Ref. B.11. 

(102.15) Manually open and shut a 480 volt substation breaker in accordance 
with Ref. B.11. 

(102.16) Rack out a 4160 volt Sub 7 breaker to the test ~tion and full 
disconnect position in accordance with Ref. B.11. :z:. 

0 
( 102.17) Rack in a 4160 volt Sub 7 breaker to the connec~sition in accordance --.. 
with Ref. B.11. 0 -t-:; 
(102.18) Manually open and shut a 4160 volt Sub 7 breaket!fl accordance with 
Ref. B.11. .?. 

~ 

(102.19) Conduct monthly load testing of either #1 or #2 D~l Generator in 
accordance with Ref. B.17. :::.: -

·----' .... --
0 . ' .... -
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20. (102.20) Demonstrate the ability to properly affix lockout devices to the 
following electrical system components in accordance with applicable Operation 
and Maintenance Manuals: 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

J. 

k. 

1. 

Local disconnect switch. 

480 Vac Motor Control Center breaker at 45P-MCC04/1. 

480 Vac Motor Control Center breaker at other than 45P-MCC04/l. 

13.8 kV breaker at the plant substation. 

Load interrupter switch. 

Vacuum interrupter switch 25P-VIS15/11. 

41-B-700 fan starter 25P-STR-700A3 25P-STR-700B. 

Diesel output breaker CB-G 1 or CB-'i, 
~ 

120 Vac distribution panel breaker. f5 -1--
480 Vac substation breaker at either area:substation 1, 2, 3 or 4 

~ 
480 Vac substation breaker at Sub:tatio~ 

u-
480 Vac substation breaker at Substation-;B: --

o:::. 
0 
l..i-
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1. (103.1) Start up the Support Building Uninterruptible Power Supply (UPS) 
(45P-UPS03/l) in accordance with Ref. C.9. 

2. (103.2) Shut down the Support Building Uninterruptible Power Supply (UPS) 
(45P-UPS03/l) in accordance with Ref. C.9. 

3. (103.3) Transfer the Support Building Uninterruptible Power Supply (UFS) (45P
UPS03/ 1) from normal source to alternate source and back to normal source in 
accordance with Ref. C.9. 

4. (103.4) Start up an RTE Deltec Series 7000 UPS in accordance with Ref. C.8. 

5. (103.5) Shut down an RTE Deltec Series 7000 UPS in accordance with Ref. C.8. 

6. (103.6) Start up an RTE Deltec Model DSU 1820 UPS in accordance with 
Ref. C.8. 

7. (103.7) Shut down an RTE Deltec Model DSU 1820 UPS in accordance with 
Ref. C.8. 

8. (103.8) Start up a Best Model FC-5kVA UPS in accordance with Ref. C.8. 

9. (103.9) Shut down a Best Model FC-5kVA UPS in accordance with Ref. C.8. 

D. Underground Ventilation and Filtration 

1. (104.1) Open and close a HEPA filter damper, 413-~;e56 or 413-HD-057, 
manually in accordance with Ref. D.10. CS 

2. (104.2) Open and close a bypass damper, 413-HD-05~ or 413-HD-056-03B, 
manually in accordance with Ref. D.10. -

Id_ 
3. (104.3) Open and close the isolation damper, 413-HD-OSS04 manually in 

accordance with Ref. D.10. CX: 
C> 

4. (104.4) Control the vortex for a 41-B-860 fan or a 41-B-1itfan manually at the 
vortex controller in accordance with Ref. D.10. -

~ 
5. (104.5) Control the vortex for ;41-B-860 fan or a 41-B-7~an in manual valve 

at control panel 413-CP-307-0lA in accordance with Ref. D.10. 

6. (104.6) Select a 41-B-860 fan for filtration in accordance with Ref. D.10. 

7. (104.7) Start the UVFS in alternate mode in accordance with Ref. D.10. 

8. (104.8) Start the UVFS in normal mode in accordance with Ref. D.10. 
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9. (104.9) Start the UVFS in minimum ventilation mode in accordance with 
Ref. D.10. 

10. (104.10) Start the UVFS in reduced ventilation mode in accordance with 
Ref. D.10. 

11. (104.11) Start the UVFS in filtration mode in accordance with Ref. D.10. 

12. (104.12) Stop the UVFS from filtration mode in accordance with Ref. D.10. 

13. (104.13) Open and close a set of HEPA filter dampers, 41-B-856 or 41-B-857, 
from control panel 413-CP-056-01 in accordance with Ref. D.10. 

14. (104.14) Open and close the bypass dampers, 413-HD-056-03A and 
413-HD-056-03B, from control panel 413-CP-056-01 in accordance with 
Ref. D.10. 

15. (104.15) Open and close the isolation damper, 413-HD-056-004 from control 
panel 413-CP-056-01 in accordance with Ref. D.10. 

E. Fire Detection, Fire Suppression and Domestic Water 

1. ( 105 .1) Perform an emergency startup of the electric fire pump in accordance 
with Ref. E.13. --

,, I 

2. (105.2) Shut down the electric fire pump:in accordance with Ref. E.13. 
·~--4' --3. (105.3) Perform an emergency startup oft~e diesel fire pump in accordance with 

Ref. E.13. ::--

4. (105.4) Shut down the diesel fire pump in;a~cordance with Ref. E.13 . 
.. -_.--..... 

5. (105.5) Shift domestic water pumps in accor_¥Ilce with Ref. E.14 . 
... --
<#..:.:---

6. (105.6) Start up the hypochlorinator system~in accordance with Ref. E.14. ,., ,,. 
\--·-

7. (105.7) Perform a free chlorine analysis on;the Domestic Water System in 
accordance with Ref. E.15. 

8. (105.8) Fill the domestic water.jtorage tanks in accordance with Ref. E.14. 

9. (105.9) Test the Chloroguard alarm in accordance with the Ref. E.8 and E.14. 



F. Compressed Air 
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1. (106.1) Start a 200HP Ingersoll-Rand air compressor in Lead or Lag in 
accordance with Ref. F.10. 

2. (106.2) Shut down a 200HP Ingersoll-Rand air compressor in accordance with 
Ref. F.10. 

3. (106.3) Cool down a 200HP Ingersoll-Rand air compressor following a shutdown 
in accordance with Ref. F .10. 

4. (106.4) Adjust the Ingersoll-Rand air compressor cooling water package discharge 
pressure in accordance with Ref. F .10. 

5. (106.5) Change out the Ingersoll-Rand air compressor cooling water package 
filter in accordance with Ref. F .10. 

6. (106.6) Start the Hankison Regenerative Desiccant air dryer in accordance with 
Ref. F.10. 

7. ( 106. 7) Shut down the Hankison Regenerative Desiccant air dryer in accordan~ 
with Ref. F.10. 

8. (106.8) Start the 125HP or 150 HP Sullair air compressor in accordance with 
Ref. F.11. 

~ 
9. (106.9) Shut down the 125HP or 150HP Sullailair compressor in accordance 

with Ref. F.11. 0 
:z. 

10. ( 106.10) Start the Hankison Refrigerated air d@ in accordance with Ref. F .11. 
1-: 

11. (106.11) Shut down the Hankison Refrigerated~ dryer in accordance with 
Ref. F.11. ~ 

0 
12. (106.12) Start a Type 30 Ingersoll-Rand air co~ssor in Auto at the Support 

/ 

Building or Exhaust Filter Building in accordancee.with Ref. F .12. 
0:::: 

13. (106.13) Shut down a Type 30 Ingersoll-Rand airCCOmpressor at the Support 
Building or Exhaust Filter Building in accordance ~ith Ref. F.12. 

14. (106.14) Start a PALL AMLOC-DHA regenerative air dryer at the Waste 
Handling Building, Support Building or Exhaust Filter Building in accordance with 
Ref. F.13. 

15. (106.15) Shut down a PALL AMLOC-DHA regenerative air dryer at the Was~ 
Handling Building, Support Building or Exhaust Filter Building in accordance with 
Ref. F.13. 
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16. (106.16) Start up the site air system in accordance with Ref. F.10 through F.13. 

17. (106.17) Shut down the site air system in accordance with 
Ref. F.10 through F.13. 

18. (106.18) Demonstrate the actions required by a Loss of Site Air Pressure casualty 
in accordance with Ref. F .16. 

19. (106.19) Demonstrate the actions required for an automatic air compressor 
shutdown in accordance with Ref. F .10 through F .16. 

20. (106.20) Start the Curtis-Toledo Model ES-20 air compressor at the Engineering 
Building in accordance with Ref. A.28. 

21. (106.21) Shut down the Curtis-Toledo Model ES-20 air compressor at the 
Engineering Building in accordance with Ref. A.28. 

G. Chilled Water 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

(107 .1) Pressurize the Chilled Water Expansion tanks in accordance with 
Ref. G.12. 

(107.2) Restore the water service filter to normal operation in accordance with 
Ref. G.12. 

~ 

(107.3) Start a chilled water pump in accor~ce with Ref. G.12. ,,_ 
0 

(107.4) Shut down a chilled water pump in ~rdance with Ref. G.12. 

---0 
(107.5) Start a Main Plant chiller in accord~with Ref. G.12. 

.:::!'.. 

(107.6) Shut down a Main Plant chiller in acc~ce with Ref. G.12. 

0 
(107.7) Start the Engineering Building chilled wat2r system in accordance with 
Ref. G.14. ~ 

(107.8) Shut down the Engineering Building chil~water system in accordance 
with Ref. G.14. U-

(107 .9) Start the Safety Building_chilled water system in accordance with 
Ref. G.13. 

(107.10) Shut down the Safety Building chilled water system in accordance with 
Ref. G.13. 
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H. Central Monitoring System 

1. (108.1) Contact the CMR, Engineer or FOSS from a 2-way radio in accordance 
with Ref. H.14. 

I. Waste Water Treatment System 

1. (109.1) Perform daily operation of the Sewage Lagoon in accordance with 
Ref. I.5. 

2. (109.2) Perform a clean-up of the Sewage Lagoon area in accordance with 
Ref. I.5. 

J. Plant Vacuum 

1. (110.1) Start up a Busch Vacuum pump in accordance with Ref. J.3. 

2. (110.2) Shut down a Busch Vacuum pump in accordance with Ref. J.3. 

3. (110.3) Switch Lead and Lag vacuum pumps in accordance with Ref. J.3. 

4. (110.4) Add oil to a Busch Vacuum pump in accordance with Ref. J.1. 

K. Basic Operator Skills 

1. Mechanical Skills ....,_ 

a. (001.1) 
:_i 

Open a gate or gtobe manual valve. 
0 

b. (001.2) Close a gate or g~ manual valve. 
0 

(001.3) -c. Open a ball valve. 1-· 
d 

d. (001.4) 
~~:;:. 

Close a ball valve. ";:-:;. 
......... -
·J 

e. (001.5) Open a pinch valve. ~::; 
.,.::.--f. (001.6) Close a pinch valve. 1"'' ._.:-
0 

g. (001.7) Open a post indigtor ~e. 

h. (001.8) Close a post indicator valve. 

1. (001.9) Test an HV AC or Ingersoll-Rand alarm annunciator panel. 

J. (001.10) Depress the Emergency Stop on a plant component. 

k. (001.11) Reset the Emergency Stop on a plant component. 
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a. (002.1) Open the main breaker at any of the Waste Handling Building, 
Support Building, Exhaust Filter Building, Guard and Security Building or 
Pumphouse Motor Control Centers. 

b. (002.2) Close a Motor Control Center main breaker at any of the locations 
listed in Skills Requirement K.2.a. 

c. (002.3) Open the main breaker at the Warehouse Motor Control Center. 

d. (002.4) Close the main breaker at the Warehouse Motor Control Center. 

e. (002.5) Open a 480V circuit breaker at any of the locations listed in Skills 
Requirement K.2.a. 

f. (002.6) Close a 480V circuit breaker at any of the locations listed in Skills 
Requirement K.2.a. 

g. (002. 7) Open a 480V circuit breaker at the Warehouse Motor Control 
Center. 

h. (002.8) Close a 480V circuit br~r at the Warehouse Motor Control 
Center. . ~ 

i. (002.9) Open a 480V distribution ~el breaker at the Support Building or 
Waste Handling Building. 0 -

J. (002.10) Close a 480V distribution~el breaker at the Support Building 
or Waste Handling Building. ~ 

~ 
k. (002.11) Open a circuit breaker in €1ow voltage lighting or distribution 

panel. Z -
1. (002.12) Close a circuit breaker in an8w voltage lighting or distribution 

panel. w-

m. (002.13) Open a plant component local disconnect. 

n. (002.14) Close a plant c_Q!Jlponent local disconnect. 
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IV. SYSTEM OPERATION PRACTICAL EVALUATION- CMRO 

The tasks listed below identify the task number and reference that match the Signature Record 
Form. The SME or OJTE will certify, by personal observation, that the candidate possesses the 
skills and knowledge necessary to safely perform the tasks without assistance. The SME or 
OJTE still retain full responsibility and accountability for the proper operation of plant 
equipment. 

A. CMR Operator Training Exercise #1 (201.1) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

CURSOR CONTROL 

Depress MASTER MENU on the STANDARD FUNCTIONS keypad. This will 
display the Master Menu graphic on the main screen. 

Depress the HOME key on the CURSOR keypad several times. Notice that the 
cursor moves back and forth from the subscreen to the main screen each time the 
HOME key is depressed. 

With the cursor on the main screen, depress the TAB RIGHT key on the Cursor 
keypad. Notice that the cursor moves to the right into each poke field and down 
the screen each time the TAB RIGHT key is depressed. The cursor only stop' ' 
selected locations, called poke fields. -':,_l 
Repeat Step (3). ~ 

0 
With the cursor on the main screen, ~ess the TAB LEFr key on the Cursor 
keypad. Notice that the cursor starts agbe bottom of the main screen and then 
moves to the left into each poke field ~up the screen each time the TAB LE.Fr 
key is depressed. ~ 

~ 

With the cursor on the main screen, de~ the LEFr or RIGHT 
DIRECTIONAL ARROW on the CURS~keypad. The cursor now moves across 
the screen one character position at a tim~otice that the cursor is not limited to 
any selected locations such as poke fields.~ 

0 
• I'-

Usmg the TAB DOWN key on the CURSOR keypad, try to move the cursor into 
the subscreen area and notice that it will send the cursor back to the top of the 
main screen. NOTE: Only the HOME key, Mouse or Touch Screen will allow 
you access from the :nain scree~1nto the subscreen and vice-versa. 

Do not depress any key for at least 12 seconds. Notice that the cursor disappears 
from the screen. By depressing the TAB, ARROW, or HOME key on the Cu~r 
keypad, the cursor will reappear on the screen in the last position it was in. ' 
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B. CMR Operator Training Exercise #2 (201.2) 

SYSTEM STATUS DISPLAY 

1. Press SYS STATUS on the STANDARD FUNCTIONS keypad. Notice that the 
WIPP - CMS SYSTEM STATUS graphic appears on the mainscreen and 
subscreen. 

2. Using the cursor, tab to any LPU drop and press SELECT. 

3. Press Pl on the PROGRAMMABLE keypad. The drop data, including any 
alarms present will be displayed. 

4. Press SYS STATUS to return the WIPP - CMS SYSTEM STATUS graphic to the 
screen. 

5. 

6. 

7. 

8. 

9. 

Tab to the selected drop, press SELECT, then press P2. Drop status will be 
displayed. If the drop is in alarm, FAULT will be displayed if a drop card has 
failed and CLOCK will be displayed if a Time/Date Update is required. 

Return to the SYSTEM ST A TUS graphic. Tab to the selected drop, press 
SELECT, then press P3. Fault details will be listed. If a fault exists, "FAULT 
DETECTED" will appear with the occurrence time of the fault and an English 
description. 

Return to the SYSTEM STATUS graphicCJ'ab to the selected drop, press 
SELECT, then press P4. The drop CA~_tiRAPHIC will be displayed. Note 
that any cards with existing faults will be diij>layed in red, with white being the 
normal color. If a fault exists, the statemep!:"PAGE DOWN FOR 
ALARM/FAULT DETAILS" is shown in g!«n. Pressing PAGE DOWN at this 
time will display the FAULT DETAIL grai'ic discussed in step (6). 

d:: 
c::::'. 

Return to the SYSTEM STATUS graphic. ~to the selected drop, press 
SELECT, then acknowledge any drop alarm't!J>5 ACK./P6 CLR.). Note here 
that if a fault actually existed, the fault woul~lear but a recurring fault would -immediately place the drop back into alarm. ~ 

Return to the SYSTEM STATUS graphic. ~to the selected drop, press 
SELECT, then press P4. Using the Pl and P3-keys is an alternate means of 
clearing drop alarms to the proc:~ure used in step (8). 
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WDPF SYSTEM TIME & DATE UPDATE and REVOTE BUS LIST 

1. Press MASTER MENU on the STANDARD FUNCTIONS keypad, then tab to 
UPDATE TIME and press SELECT. The UPDATE TIME/DATE MENU will 
be displayed in the subscreen. 

2. The cursor will be flashing in the first blue Entry Field (MONTH 1-12). 

3. Insert the two digit number corresponding to the present month using the 
Alphanumeric keypad. 

4. Notice that the cursor has moved to the next blue Entry Field. Complete entering 
the data corresponding to the present date and time. Note: Day and week entries 
need not be accurate. 

5. Press Pl. This updates the entire CMS to the data entered in steps 3 and 4. 

6. Press TIME & DA TE UPDATE on the CUSTOM keypad. This calls up the same 
subscreen graphic displayed in step 1 above. Data entry is the same as for steps 3 
through 5 above. _ 

::...i 
Note: If Time/Date Update is required for urop on the data highway (Blue 

Icon) and the correct Time and Datt'A? displayed on the UPDATE 
TIME/DATE MENU, pressing Pl a100e will update the entire CMS to the 
indicated Date and Time. 0 --l-': 

7. Press SYS STATUS on the STANDARD FU~TIONS keypad. Press PS. This 
will update the entire CMS to the indicated ifate and Time. This method is 
particularly useful when returning drops to se~ after they have been secured. 

U
--? 

8. Press SYS STATUS on the STANDARD FUNG'r!ONS keypad. Press P7. This 
will Revote all available drops onto the Bus AlhlOttion Lists of the other drops on 
the data highway. This procedure is to be pedORned for any drop that has been 
off of the data highway for more than 60 secondS. 
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STANDARD FUNCTIONS/POINT DETAILS 

1. Press MET TOWER DATA on the Custom keypad. 

2. Press TAB RIGHT on the Cursor keypad once. The cursor should now be on the 
130' Temperature readout. 

3. Press POINT DETAIL on the Standard Functions keypad and notice the 
subscreen. The details of the 130' Temperature readout are displayed. (Point: 
AP0714) 

4. Press Pl on the Programmable keypad. Displayed are the "P" key functions for 
details of the point that is selected. 

5. Press P6 and the point details are displayed ~ce again as in step (c) on the 
sub screen. · ~ _ . .,,. 

..::..-
6. Press Pl again to get to back to step (d). ThQ depress each of the "P" keys to 

display particular details of the point selected@ie following is a list of the "P" 
keys and the functions they serve: -

\--: 
Pl - FUNC KEY DESCRIPTION ••.•••• Menu of all "P"~Y functions 
P2 - ALARM INFO .•••.....•....•.. Alarm point info,Xination 
P3 - SYSTEM INFO ••.•.....•....•. Displays the dr~umber for the 

point selected u-
P4 - HARDWARE INFO .............. Main item used is;:):he Raw Data 
PS - HARDWARE ALARMS .....•.....• Hardware Status ':::-
P6 - POINT DETAILS •......••..•.• Same as the Pointe!>etail key on 

the Standard Func€I>on keypad. 
P7 - MAIN SCREEN POINT DETAILS .. Covers all detailsL-of the point 

selected. 
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E. C:MR Operator Training Exercise #5 (201.5) 

1. 

2. 

3. 

NOTE: 

4. 

5. 

6. 

7. 

8. 

9. 

SCAN REMOVAL & RETURN/ENTERING VALUES 

Depress the MET TOWER DATA key on the CUSTOM keypad. TAB RIGIIT 
once and the cursor should be on the 130' Temperature readout. 

Depress the POINT DATA ENTRY key on the Standard Function keypad and 
displayed on the subscreen will be Point AP0714. 

Depress the P 1 key on the Programmable keypad. Displayed is the Point Name, 
English Description, Current Value, and Scan Status for point AP0714. It will bf: 
displayed as SCAN ON or SCAN OFF. Also shown are two "P" keys (Pl & ~:). 
[Pl] will remove point from scan and [P2] will return point to scan. 

BEFORE PROCEEDING, OBTAIN FOSS PERMISSION FOR SCAN 
REMOVAL AND RETURN PER PROCEDURE WP04-AD3007 (Ref. K.5). IF 
POINT AP0714 IS OUT OF SCAN, THE EVALUATOR SHOULD PLACE IT 
IN SCAN FOR USE IN THIS EXERCISE. 

Depress the Pl key to remove point AP0714 from scan. Notice the yellow 
background FUNC COMPLETED prompt at.Jb,e bottom left of the sub-screen · 
Observe that Scan Status changed to SCAN ~. Notice the yellow backgrow •.... 
around the 130' Temperature readout. This i~splayed in reverse video. 

To return point AP0714 to Scan, depress the P§cey. Observe that Scan Status 
changes to SCAN ON. -

~ 
Depress the HOME key on the Cursor keypad 21J!! the cursor will return to 130' 
Temperature readout. Depress the POINT DAT&::ENTRY key again. Point 
AP0714 should be displayed in the blue field. 0 u-z. 
Depress the P3 key (VALUE] and note a blue fieht"in the subscreen. TAB 
RIGHT twice and the cursor is now in the blue fia3. 

0 
w-

Now enter the number [1000] using the Alphanumeric keypad and depress the Pl 
key (ENTER VALUE). Notice the change on the 130' Temperature readout. 

Depress the HOME key. The cursor should be on the 130' Temperature readout. 
Depress the POINT DATA ENTRY key on the Standard Function keypad then 
depress the Pl key (Scan Status):- Depress the P2 key to return the point to Scan. 
The 130' Temperature readout will return to its normal value. 
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F. CMR Ooerator Trainine; Exercise #6 (201.6) 

ALARM/LIMIT CHECK REMOVAL & RETURN 

1. Depress the MET TOWER DATA key on Custom keypad. TAB RIGHT once. 
The cursor should be on the 130' Temperature readout. 

2. Depress the POINT DATA ENTRY key on the Standard Function keypad. Point 
AP0714 will be displayed on the subscreen. 

3. Depress the P2 key (Alarm Stattis) and notice the following on the subscreen: 

AP0714 AMBIENT TEMP. ELEV. 130 FT . DEG F 
PRESENT ALARM STATUS Pl - REMOVE LIMIT CHECK 
LIM CHK ON ALR CHK ON P2 - RESUME LIMIT CHECK 

p3-:: REMOVE ALARM CHECK 
P4 - RESUME ALARM CHECK 

NOTE: 

4. 

5. 

6. 

7. 

BEFORE PROCEEDING, OBTAIN FOSS PERMISSION FOR 
ALARM CHECK REMOVAL AND RETURN PER PROCEDURE 
WP04-AD3007 (Ref. K.5). IF POINT AP0714 IS OUT OF ALARM 
CHECK, THE EV ALU ATOR SHOULD PLACE IT IN SERVICE 
FOR USE IN THIS EXERCISE. ~ 

~-----Depress P3. Observe that ALARM SiA TUS changes to 
ALR CHK OFF. _,,, 

?-
0 

Depress P4. Observe that ALARM S~S changes to 
ALR CHKON. ~ 

~ .c::-

Depress P 1. Observe that ALARM ST~TuS changes to 
LIM CHK OFF. ~ 

-::---Depress P2. Observe that ALARM ST A~S changes to ....,_ 
LIM CHKON. O 

u-
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HISTORICAL STORAGE & RETRIEVAL TREND 

1. Depress the HSR ST A TUS key on the Custom keypad. The HSR Status 
graphic will be displayed on the main screen. The subscreen will list 
the "P" keys and their functions. 

2. Press ENTER. The default drop (160) will be automatically entere1. 

3. Press Pl (UPDATE DISPLAY). Updated status information for the 
selected drop will be displayed. NOTE: The Date & Time displayed 
next to DATE LAST STARTED AT: is limit of memory on the hard 
drive of the HSR. 

4. Press MET TOWER DATA on the Custom Keypad. Depress HSR 
TREND SUBSCAN on the Custom Keypad. Displayed is Met Tower 
Data on the main screen and the HSR trend menu on the subscreen. 

5. Position the cursor to the Main screen. TAB RIGHT once to the 130' 
Temperature readout. Depress SELECT on the Cursor Keypad. 
Displayed in the SELECT blue field on the subscreen is Point AP0714. 

6. Depress HOME on the Cursor keypad. The cursor should appear on 
the subscreen. TAB RIGHT into the blue field next to (PN:), then 
depress SELECT. Point AP0714 is displaY:Y with its preset top & 
bottom parameters. At this time you can reset the top & bottom 
parameters as desired by Tabbing to the apP.fOpriate blue field and 
entering new values from the Alphanumeric~ad. 

0 
7. There are three additional ENTRY fields av~le. On the main screen, 

TAB to the 30' Temperature readout and de~ the SELECT key. 
Depress HOME. The cursor should be on th~screen. TAB to the 
2nd blue field and depress SELECT again. S6arameters as desired. 

u-
8. On the main screen, TAB to the 10' Tempera~readout and depress 

SELECT. Depress HOME. The cursor shoul~ on the subscreen. 
TAB to the 3rd blue field and depress SELEcr---(!Pin. Set parameters 
as desired. u.-

9. On the main screen, TAB tothe 10' Wind Speed readout and depress 
SELECT. Depress HOME. The cursor should be on the subscreen. 
TAB to the 4th blue field and depress SELECT again. Set parameters 
as desired. 

10. TAB to the blue field identified by [DROP]. Enter the HSR drop (160) 
into the blue field. 
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11. With the cursor is in the next field [MO-DY-YR], depress P6. The 
current time, date, & year will be displayed. A specific time/date can 
be entered if needed. 

12. Depress the appropriate "P" key for the time frame you wish to trend. 
Observe the graph displayed with 4 points indicated. NOTE: One to 
four points may be displayed as needed. 

H. CMR Operator Training Exercise #8 (201.8) 

REVIEW USING CHARACTERISTICS 

1. Press MASTER MENU on the STANDARD FUNCTIONS keypad. 

2. Tab to CHARACTERISTICS MENU and press SELECT. 

3. Using the Tab, SELECT and PAGE keys, define the characteristics of 
the points you desire information about. 

4. Depress REVIEW on the Standard Functions keypad. The REVIEW 
MENU appears on the subscreen as follows: 

CHARACTERISTICS --------

Pl-CRT/PRT 
~ 

P3-VALUE/LIMITS PS-ENTEREID VALUES P7-BACK---
z_ 

P2-CANCEL PRINTER P4-ENTERED VALUES P6-LIM/At:if CHK REM P8-MORE---

5. Depress the Pl key [CRT/PRT] a couple o~es and notice the green 
background in reverse video around the CR~d PRT and how it 
changes from one to the other each time the ~key is depressed. This 
determines whether data is displayed on the~ or the printer. 

6. Use P2 (CANCEL PRINTER) only if you ar~nting hard copy of 
~m~ta. Z -

7. Press PS (MORE--). Notice the change on th~bscreen as follows: 
\..,.;.-

CHARACTERISTICS -------- POINT REVIEWS 

Pl-SENSOR ALARMS P3-TIMED OUT POINTS P7-BACK---

P2-QUALITY P4-POINTS IN ALARM PS-MORE---
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8. Press PS (MORE---). Notice the change on the subscreen as follows: 

CHARACTERISTICS -------- DEVICE MODES 

P1-AUTO Pl-LOCAL PS-TAG OUT P7-BACK---

P2-MANUAL P4-SUPERVISORY P6-LOCK OUT PS-MORE---

9. Press PS (MORE---). Notice the change on the subscreen as follows: 

CHARACTERISTICS -------- DEVICE ALARMS 

P1-TRIPPED Pl-FAILURE P7-BACK---

P2-EMERG. OVERRIDES PS-MORE---

NOTE: At present, the DEVICE MODES and DEVICE ALARMS 
submenus are not in use at the WIPP. 

10. Press PS (MORE---). This will return you to the first subscreen. 

11. Press P3 (VALUE/LIMITS) and wait for a few minutes. Displayed are 
the points that you designated to appear on the CRT by setting the 
characteristics, their values and limits. PAGE RIGHT for more points 
(if applicable). 

12. Press P4 (ENTERED VALUES) and wait for a few minutes. 
Displayed are the points that you designated to appear on the CRT, by 
setting the characteristics that currently have .stered values. PAGE 
RIGHT for more points (if applicable). ~ 

:z 
13. Press P5 (SCAN REMOVED) and wait for a~ minutes. Displayed 

are the points that you designated to appear odafte CRT, by setting the 
characteristics that are currently out of scan. ~E RIGHT for more 
points (if applicable). t:(_ 

14. Press P6 (LIM/ALM CHK REMOVED) and wi:-for a few minutes. 
Displayed are the points that you designated to appear on the CRT, by 
setting the characteristics that are currently out dtllarm check or limit 
check. PAGE RIGHT for more points (if applicabre). 

15. Press PS (MORE---) then press P4 (POINTS IN Al:ARM) and wait a 
few minutes. Displayed are the points that you designated to appear on 
the CRT, by setting the characteristics that are currently in alarm. 
PAGE RIGHT for more points (if applicable). 
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I. CMR Operator Training Exercise #9 (201.9) 

STANDARD FUNCTIONS/TREND PACK.AGE 

1. Press MET TOWER key on the CUSTOM keypad. TAB RIGHT once 
to the 130' Temperature readout. 

2. Press TREND on the STANDARD FUNCTIONS keypad. The 
subscreen will display the CRT POINT TREND HISTORY graphic. 
Point AP0714 is displayed in the blue entry field. 

3. Press ENTER. This will allow you to modify the TREND HISTORY. 
A new subscreen will be displayed with point AP0714 and its preset 
parameters already entered in the large blue field. Up to 200 points 
can trend continuously on each Operator's or Engineer's Console. 

4. PAGE RIGHT until the numbers 101-120 appear in the left margin of 
the mainscreen. 

NOTE: If any of the points selected for this exercise are already in the 
TREND HISTORY for the Operator's Console you are using, 
an error General Message will appear in the lower left 
subscreen. Either relocate to another Operator's Console or 
select another priority 0 alarm point to trend. 

5. 

6. 

7. 

8. 

9. 

10. 

Using the Alphanumeric keypad, enter any number (101-200) into the 
blue entry field labeled HISTORY NO. NOTE: At this time you can 
change the parameters as desired. Please do not modify history 
numbers below 101, as these are already se(fyr plant trending. _.,,. 

Ao~--
Press Pl. This will place the number (101-209) you selected in Step e. 
into the trend history displayed on the main~n. 

0 
Press the MET TOWER DATA key on the ~TOM keypad. TAB to 
the 10' Wind Speed indication Point (AP0703~ 

Depress TREND on the STANDARD FUNC~S keypad. The main 
screen and subscreen will display the CRT POim' TREND HISTORY. 
Point AP0703 is displayed in the blue entry fiel({:in the subscreen. 

G.'.: 
Press ENTER. This will allow you to modify the-TREND HISTORY. 
A new subscreen will be displayed with point AP0703 and its preset 
parameters already entered in the large blue field. 

PAGE RIGHT until the numbers 101-120 appear in the left margin of 
the mainscreen. 
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11. Using the Alphanumeric keypad, enter any number (100-200) into the .",..Y 

blue entry field labeled HISTORY NO. NOTE: At this time you can 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

change the parameters as desired. Please do not modify history 
numbers below 101, as these are already set for plant trending. 

Press Pl. This will place the number (101-200) you selected in Step k. 
into the trend history displayed on the mainscreen. 

Press PS. This will return you to the first trend subscreen. 

TAB to the HISTORY POINT NO. on the main screen that you 
selected in Step (5). Depress SELECT key on the Cursor Keypad. 
This will insert point AP0714 into the.blue entry field to the right of () 
on the subscreen. 

Tab to the blue entry field at ( ) and enter "1" by using the 
Alphanumeric keypad. Press P5. Notice that Point AP0714 appears in 
RED to the right of "Xl" in the subscreen. 

Return to the main screen and TAB to the number you selected on Step 
(k). Press SELECT. This will insert point AP0703 into the blue entry 
field to the right of ( ) on the subscreen. 

Tab to the blue entry field at ( ) and enter "2" by using the 
Alphanumeric keypad. Press P5. Notice that Point AP0703 appears in 
YELLOW to the right of "Yl" in the subscreen. 

Press Pl. A IO-Minute trend will appear on the main screen. Press 
P2. A 60-Minute trend will appear on the main screen. Press P3. A 
10-Minute & 60-Minute split screen trend will-appear on the main 
screen. :::=:;: 

.<.:-

Press P7. The two points are plotted agains~? other. Point "Xl" is 
on the Horizonal axis and Point "Yl" is on ~ertical axis. They are 
plotted by their value, not by their time. t:=: 

4. 
Return to the MET TOWER DAT A Graphic. :fab to the 130' 
Temperature readout and press SELECT. Pres(WINDOW TREND. 
A 10/60 minute trend window appears on the lcreen. 

1.- .. 
-r 
~', 

Press MOVE WINDOW on "tiie STANDARD FUNCTIONS keypad. 
Using the TAB keys, jog the window around the mainscreen. Press 
MOVE WINDOW again to set the window. ·· 

22. Press DELETE WINDOW on the ST AND ARD FUNCTIONS keypad. 
The window will disappear. Notice that during this and the previous 
two steps that the information on the mainscreen remained unchanged. 

.(If 
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Using this trend method, any point can be trended immediately 
from a system graphic. Understand, however that if the point 
does not currently exist in the TREND HISTORY, only 
recorded data from the time the window is opened will appear. 
Window trending has the disadvantage of only being able to 
trend one point at a time. It is also important to note that 
changing the mainscreen or subscreen graphic will delete open 
windows. 

J. CMR Operator Training Exercise #10 (201.10) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

STANDARD FUNCTIONS/GROUP MENU 

Depress GROUP MENU on the Standard Function keypad. Displayed 
on the main screen is a menu with [5] group numbers: [5000] through 
[5004]. 

TAB to the Group number [5000] and press SELECT. If there are 
points already displayed on the main screen, depress RECALL on the 
Page keypad to return to the Group Menu screen. 

TAB to any of the other group numbers and press SELECT. Even if 
you do not find a blank first page, proceed to Step (d). 

Press PAGE RIGHT. Notice the numbers in the column on the left 
side of the screen. PAGE RIGHT 4 times and observe that you can 
enter up to 99 different points on just ~ group menu. 

Press PAGE RIGHT one more time to return ~e first page of the 
group menu with the numbers 1-19 in the left ~mn. 

Press TAB RIGHT once and the cursor will be~ the blue field on the 
subscreen labeled PNT NO. Use the Alphanu ·c keypad and enter 
the number "1" into the blue field. -

r c 
TAB RIGHT once and enter Point AP0704 into pie blue field labeled 
POINT ID. Press Pl (ADD POINT). Observe rthat Point AP0704 is 
listed along with its English description, value, a!id units. 

Repeat steps 6 & 7 and add the following three points to the menu 
using the PNT NO. blue fieiO: AP0706, AP0708, AP0710. 

There are now 4 points displayed on the main screen to view at the 
same time. 

To delete these points, repeat Step 7·, this time using the P2 key 
(DELETE POINT). 



[ 

[ 
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[ 
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K. CMR Operator Training: Exercise #11 (201.11) 

STANDARD FUNCTIONS/DISPLAY MENU 

1. Depress DISP MENU on the Standard Functions keypad. The 
DISPLAYS MENU (1000) is displayed. 

NOTE: Nearly all of the graphics that are in these display menus are usually 
accessed through the CUSTOM KEYPAD. This method is just another way to access 
graphics in the CMS. 

2. TAB to FIRE ALARM DISPLAYS and press SELECT. Displayed is a 
menu for Fire Alarm Systems graphics. There is a total of three 
subsystem graphics. 

3. TAB to F.A. Locations, Surface Facilities and press SELECT. 
SURFACE FIRE ALARMS (2120) graphic is displayed. 

4. Repeat steps 1 to 3 using different menus and access all possible 
graphics. There are presently 33 graphics displays that you can access 
through the DISPLAY MENU. 

L. CMR Operator Training: Exercise #12 (201.12) 

STANDARD FUNCTIONS/MASTER MENU 

1. Press MASTER MENU on the STANDARD FUNCTIONS keypad. 
Displayed is the Master Menu as follows: 

MASTER MENU --:....i 
--? 

]UPDATE TIME/DATE MENU [ ]SYSTEM STA~ DISPLAY 

]CHARACTERISTICS MENU [ ]MMI ALARM ~!NATION -]CHARACTERISTICS GROUP MENU [ ]ENGINEERS M~ 
c::::: 

]DEVICE RESET [ )CLEAR GPM QUEUES 
c: 

]DISPLAY DIAGRAM [ ]HSR MENU c:· 
'• 

2. Press HOME to return the cursor to the mainscreen. 

3. TAB to UPDATE TIME and press SELECT. Observe that the 
UPDATE TIME/DA TE MENU appears in the subscreen as explained 
in Exercise #3. 



FO-GUIDE-1 Rev. 1 
Section IV-CMRO Page 14 of 21 

4. Return the cursor to the mainscreen and then TAB to SYSTEM 
STATUS DISPLAY and press SELECT. Displayed is the status of all 
of the drops interconnected by the data highway in the System. 

5. Return to the MASTER MENU, then TAB to CHARACTERISTICS 
MENU and press SELECT. Displayed is page 1 of 8 of the 
Characteristics Menu. (See Exercise #8 for use of this menu). 

6. Return to the MASTER MENU, then TAB to MMI ALARM 
DESTINATION and press SELECT. (See Exercise #15 for use and 
operation of this menu). 

7. Return to the MASTER MENU, then TAB to ENGINEERS MENU 
press SELECT. These menus are mainly used by software engineers to 
set up and program the Operator's and Engineer's Consoles. 

8. Return to the MASTER MENU, then TAB to DEVICE RESET and 
press SELECT. P 1 will reset touch screen and mouse devices for use 
by operators. 

9. Return to the MASTER MENU, then TAB to DISPLAY DIAGRAM 
and press SELECT. The DISPLAY DIAGRAM subscreen graphic will 
appear. This display is used for retrieving graphics or group menus for 
use by operators. This is another method for calling graphics without 
the use of ST AND ARD FUNCTIONS or CUSTOM keys. Operators 
must know the diagram number they wish to see in order to use this 
method. 

10. Return the cursor to the mainscreen and then TAB to the HSR MENU 
and press SELECT. Displayed is a list of menus used for the HSR's. 
The HSR ST A TUS, HSR TREND SEI:.ECT and HSR TAPE 
CONTROL selections will be used b~rators in controlling operation 
of HSR 160. (See Exercise #6) O 

_.,. 
M. CM;R Operator Training Exercise #13 (201.d:~ -\-"". 

ALARM LIST/ ALARM HISTOJW 
~ 

ALARM COWRS & PRIOR~ 
u-

PRI-0 = WHITE ...... :"7 •••• SYStiEM INFORMATION ALARMS 
PRI-1 = YELLOW .....•.•..• NON~CO RELATED ALARMS 
PRI-2 = MAGENTA .......•.. LCO (RELATED ALARMS 
PRI-3 = RED ....•.....•.•• EMERGENCY ALARMS 

GREEN ..••.•.••••• RETURN ALARMS 

1. Press ALARM LIST on the ALARM keypad. Displayed on the 
mainscreen are 9 most recent points that are currently in alarm. 
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2. Press CANCEL on the CURSOR keypad. This will display the 3 
oldest unacknowledged or returned alarms on the subscreen. 

3. Press NORMAL MODE DISPLAY on the ALARM keypad. Notice 
that the current mode is displayed on the top of the screen. If 
INVALID KEY REQUEST appears on the 4th line of the subscreen in 
yellow reverse video, you are already in NORMAL MODE DISPLAY. 

4. TAB to any point on the mainscreen that is in reverse video 
(unacknowledged alarm). Press POINT ACK on the Alarm keypad. 
Note that point changes from reverse video to normal video. You have 
just acknowledged that particular alarm only. 

5. When there are one or more alarms in reverse video displayed, press 
PAGE ACK and all points in reverse video change to normal video on 
the mainscreen. You've just acknowledged all points in alarm. 
Additionally, the points listed on the subscreen will disappear, meaning 
they've been acknowledged. 

6. Press PAGE LEFT on the Page keypad. Any additional active alarms 
will be displayed. Continue paging left until no other pages are 
available. Note that any points in reverse video are unacknowledged 
alarms. 

7. Depress ALARM HISTORY on the Alarm keypad. Displayed is the 
Alarm History. 

8. TAB the cursor to the : : area at the top of the main screen located to 
the left of the word SELECT and press SELECT. Note that the 
subscreen will appear as follows: 

ALARM PRINTER OPTIONS -~-._..J 
~""' ~ 

Pl - History Print 0 
P2 - Cancel History Print Z 
P3 - Dump Alarm Prints S 

r--:: 
9. Press Pl. The printer will begin printing th~arm history. 

,?-

10. Press P2. The printer will continue printing 'iife alarm history until the 
printer buffer is empty. ·- ~:; 

11. Press P3. The printer will print "OPERATOR ADVANCED PRINT", 
meaning that you are bypassing any alarm print which may be going at 
this time. This immediately clears printer buffer. 

12. While in ALARM HISTORY mode, displayed are all of the alarms and 
returned alarms in sequential order, newest listed first. 
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13. Depress PRIORITY MODE DISPLAY on the ALARM keypad. 
Displayed is the alarm list in the priority mode you set up on the MMI 
ALARM DESTINATION Menu. (See Exercise #14). 

N. C:MR Ooerator Trainin& Exercise #14 (201.14) 

MMI ALARM DESTINATION/INITIALIZATION 

1. Depress MASTER MENU on the STANDARD FUNCTION keypad. 

2. TAB to MMI ALARM DESTINATION and press SELECT. 
Displayed is the ALARM INITIALIZATION graphic, FILTER 
SECTION. The main screen and subscreen appear as follows: 

ALARM INITIALIZATION 

NORMAL MODE PRIORITY MODE 

PRI DESTINATION PRI DESTINATION 
MAIN SCREEN 0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

SUBMENU 

PRINTER 

AUDIBLE 

0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

0 ABCDEFGHIJKLMNOPQRSTUVWXYZ 

SBA SELECTION SBA STATE: ON PRI 
DESTINATION 
CONTACT # 

=0-3 
=A-Z, "-"." " 

(ENTER CONTACT # . . . FOR EACH ALM TYPE) =O (UNUSED) 
=1 (Kl) ALM CON DUR !NCR CON DUR 

0 1 99 0 1 99 
1 1 99 1 1 99 
2 1 99 2 1 99 
3 1 99 3 1 99 

CON DUR 
RET 1 3 

BELL CON DUR 
ACK 2 3 

=2 (K2) 
=3 (KJ) 
=4 (K4) 

DURATION =1-99 
(no. of 0.1 second 
intervals for contact 
closure) 

,t;.-- - - -o--Pl - PLANT AREAS P3 - DISPLAY CURRENT PS - Etiia/DISAB RLY 
P2 - ENTER NEW P4 - SET DEFAULTS ~ 

~---

3. At this time you can set up your mai:nscreen, subm~li, printer, and audible alarms by 
characteristics listed on the first CHARACTERISTIQS MENU (See Exercise #8). 
You can elect to ignore alarms or designate them all to go to the above destinations. 
Most commonly, all alarms are designated to be displayed. 

> 
4. Press Pl (PLANT AREAS) and observe that the main screen goes blank the bottom 

line of the subscreen shows DISP NOT LOADED in yellow background. 
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5. Return to the ALARM INITIALIZATION screen. Using the Tab and Alphanuma~ 
keys, change the alarm priorities and destinations. Press P2 (ENTER NEW) and all 
entries will be set for the alarms on the particular Operator's Console that you are 
using. 

6. Press P4. The ALARM INITIALIZATION screen is set with all of the characteristic 
letters and all priorities default to 0. Press P2 to enter changes. 

NOTES: 

For an alarm 
For an alarm 
displayed. 
For an alarm 
displayed. 
For an alarm 

priority 
priority 

priority 

priority 

of o, 
of 1, 

of 2, 

of 3, 

all alarms are displayed. 
all priority 1, 2, & 3 alarms are 

-.., ,., 

all priorit.Y' 2 & 3 alarms are 
...- -,., ... 

only priority 3 alarms are displayed. 
-. 

7. Alarm bell duration can be set by using the DUR 'fields in the lower half mainscreen . .__. 
Numbers 1-99 are entered using the Alphanumeric-;.,~~ys. Each number corresponds to 
the number of l/lOth second intervals that the bell .will remain on. The bell 
automatically silences after the prescribed time unl~~the BELL ACK button is 
pressed on the ALARM keypad. Press P2 after en~nng new audible alarm durations . 

. _ ..... 
8. Pressing P5 on Operator's Consoles 211, 212 and 214:lurns on or off the audible . 

alarm for that respective console. An alarm received '§ii any of the three consoles 
will potentially activate the audible alarm in the CMR:.::Alarm duration is determined 
by the longest interval set for an Operator's Console wnose SBA (Single Board 
Alarm) relay is active. 
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CLEARING HIGHWAY ERRORS on the WDPF SYSTEM 

1. Press SYS STATUS on the STANDARD FUNCTIONS keypad. The WIPP - CMS 
SYSTEM STATUS graphic is displayed. 

2. Press PAGE UP or PAGE DOWN. The SYSTEM HIGHWAY ERRORS graphic 
(#3980) is displayed. 

3. Tab to DROP NO 1 and press SELECT. Highway errors for LPU 801 will 
automatically clear. 

4. TAB to DROP NO 3 and press SELECT. Highway errors for LPU 803 will 
automatically clear. 

5. Repeat the above steps to clear all of the highway errors on the DPUs displayed. 

6. PAGE RIGHT and continue to clear errors until all drops have been cleared of any 
highway errors. 

NOTE: CMROs usually do not clear the highway errors without TCS concurrence 
because errors indicate highway conditions and are useful in troubleshooting. 

P. Equipment Operation 

1. (201.16) Secure power to any Operator's Console in accordance with 
WP04-CM1304. (Ref. H.18) ·-; 

2. (201.17) Restore power to any Operator's Console in accordance with 
WP04-CM1304. (Ref. H.18) 

3. (201.18) Perform a Startup of the CMS in accordance with WP04-CM1304. 
(Ref. H.18) 

4. (201.19) Perform a Shutdown of the CMS in accordance with WP04-CM1304. 
(Ref. H.18) 

5. (201.20) Start a diesel generator from the CMR in accordance with WP04-CM1001. 
(Ref. H.15) 

6. (201.21) Shutdown a diesel generator from the CMR in accordance with 
WP04-CM1001. (Ref. H.15) 

7. (201.22) Open an electrical breaker in the Plant Substation or in Substation 3 from 
the CMR in accordance with WP04-CM1006. (Ref. H.16) 
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8. (201.23) Close an electrical breaker in the Plant Substation or in Substation 3 froi'ltt'" 
the CMR in accordance with WP04-CM1006 (Ref. H.16). 

9. (201.24) Initiate underground filtration from the CMR in accordance with 
WP04-CM1601 (Ref. H.22). 

10. (201.25) Secure underground filtration from the CMR in accordance with 
WP04-CM1601 (Ref. H.22). 

11. (201.26) Start a 41-B-860 fan from the CMR in accordance with WP04-CM1601 
(Ref. H.22). 

12. (201.27) Shutdown a 41-B-860 fan from the CMR in accordance with 
WP04-CM1601 (Ref. H.22). 

13. (201.28) Shutdown a 41-B-700 fan from the CMR in accordance with 
WP04-CM1601 (Ref. H.22). 

14. (201.29) Download an LPU from EMI-205 in accordance with WP04-CM1305 
(Ref. H.21). 

15. (201.30) Reset an underground LPU from the CMR in accordance with 
WP04-CM1602 (Ref. H.23). 

16. (201.31) Initiate Support Building Zone 6 HVAC filtration from the CMR in 
accordance with WP04-CM 1185 (Ref. H.17). 

17. (201.32) Secure Support Building Zone 6 HVAC filtration from the CMR in 
accordance with WP04-CM1185 (Ref. H.17). 

·,, 
.· . 

18. (201.33) Make an announcement ust~e Gai-tronics system in accordance with 
WP04-CM1301 (Ref. H.18). ~-

~-
19. (201.34) Evacuate an area of the surface 'ficllities in accordance with WP04-CM130l 

(Ref. H.18). :.. 

20. (201.35) Manually initiate the underground Evacuation Alarm in accordance with 
WP04-CM1301 (Ref. H.18). 

21. (201. 36) Reset an automatic underground evacuation alarm in accordance with 
WP04-CM1301 (Ref. H.18). ·-

22. (201.37) Page and talk to a person on a Mine Phone in accordance with 
WP04-CM1301 (Ref. H.18). 

23. (201.38) Make an announcement on the Site Notification System (SNS) in accordance 
with WP12-926 (Ref. H.50). 
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24. (201.39) Startup computer WIPPCMRl or WIPPCMR2 from a de-energized state 
and log on to the TRANSCOM system in accordance with the TRANSCOM Shipper 
and Receiver User's Manual and WP06-3 (Ref. H.10, H.49). 

25. (201.40) Enter the message mode and send a test message on the TRANSCOM 
system in accordance with WP06-3 and the TRANSCOM Shipper and Receiver 
User's Manual (Ref. H.10, H.49). 

26. (201.41) Acknowledge a message on the TRANSCOM system in accordance with 
WP06-3 and the TRANSCOM Shipper and Receiver User's Manual 
(Ref. H.10, H.49). 

27. (201.42) View any message in the TRANSCOM system in accordance with the 
TRANS COM Shipper and Receiver User's Manual (Ref. H.10). 

28. (201.43) Enter an Advanced Bill Of Lading into the TRANSCOM system in 
accordance with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

29. (201.44) Enter a Bill of Lading (BOL) into the TRANSCOM system in accordance 
with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

30. (201.45) Enter the "Emergency" section of the TRANSCOM system in accordance 
with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

31. (201.46) Display the Emergency contact list in the TRANSCOM system in 
accordance with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

32. (201.47) Display an Emergency checklist from any BOL in the TRANSCOM system 
in accordance with the TRANSCOM Shipper ancf~iver User's Manual .,,-
(Ref. H.10). -;;;:: 

0 
33. (201.48) Display the DOT Emergency guidebook igf.ormation from any BOL in the 

TRANSCOM system in accordance with the TRANs.gbM Shipper and Receiver 
User's Manual (Ref. H.10). ~ 

.,,.::::; 
34. (201.49) Enter the "Report" section of the TRANSCO~ystem in accordance with 

the TRANSCOM Shipper and Receiver User's Manual (ltef. H.10). 
~ .-:.,.. 

35. (201.50) Display a Report on any BOL in the TRANSCOM system in accordance 
with the TRANSCOM Shipper and Receiver User's Manual~ef H.10). ·-· (.,· 

' .. 
36. (201.51) Enter the "Shipments" section of the TRANSCOM system in accordance 

with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

37. (201.52) Modify any BOL in the TRANSCOM system in accordance with the 
TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 
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38. (201.53) Enter the "Tracking" section of the TRANSCOM system in accordancc*1th 
the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

39. (201.54) Display a designated state and county map in the TRANSCOM system in 
accordance with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

40. (201.55) Display a BOL directly from any shipment icon on the Tracking screen h 
accordance with the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 

41. (201.56) Log off of TRANSCOM in accordance with the TRANSCOM Shipper ar:d 
Receiver User's Manual (Ref. H.10). 

42. (201.57) Change the status of any shipment in the TRANSCOM system from 1 to 0 
and back in accordance with the TRANSCOM Shipper and Receiver User's Manual 
(Ref. H.10). 

43. (201.58) Utilizing the KA VOURAS dedicated PC, initialize the KA VOURAS 
program in accordance with the KA VOURAS User Manual (Ref. H.11). 

44. (201.59) Utilizing the KA VOURAS program, from the WIPP menu, display 
Highway conditions for any particular route as designated by the evaluator in 
accordance with WP06-3 (Ref. H.11, H.49). 

45. (201.60) Utilizing the KA VOURAS program menu, exit the menu and display 
weather for a designated highway in accordance with the KA VOURAS User Manual 
and WP06-3 (Ref. H.11, H.49). 

46. (201.61) Utilizing the KA VOURAS weather function, display snow fall for a state or 
states as selected by the evaluator in accordance with the KA VOURAS User Manual 
and WP06-3 (Ref. H.11, H.49). 

47. (201.62) Utilizing the KAVOURAS weather function, display wind gusts in a state or 
states selected by the evaluator in accordance with the KA VOURAS User's Manual 
and WP06-3 (Ref. H.11, H.49). 

48. (201.63) Utilizing the KA VOURAS weather function, display fog conditions in a 
state or states as selected by the evaluator in aceordance with the KA VOURAS User 
Manual and WP06-3. (Ref. H.11, H.49) ----; 

~.-:.... 

? 
49. (201.64) Exit the KA VOURAS weather functio~d return to the WIPP menu from 

the "]" prompt in accordance with W'Po6-3 (Ref. ~l, H.49). 
\,..:,....-
~ -

50. (201.65) Exit the KA VOURAS program in accordanee with the KA VOURAS User 
Manual and WP06-3 (Ref. H.11, H.49). 

51. (201.66) Utilizing any PC, download the TRANSCOM program in accordance with 
the TRANSCOM Shipper and Receiver User's Manual (Ref. H.10). 
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IV. SYSTEM OPERATION PRACTICAL EVALUATION - U/G ROVING WATCH 

The tasks listed below identify the task number and reference that match the Signature Record Form. 
The SME or OJTE will certify, by personal observation, that the candidate possess the skills and 
knowledge necessary to safely perform the tasks without assistance. The SME or OJTE still retain full 
responsibility and accountability for the proper operation of plant equipment. 

A. Underground Compressed Air System 

1. (401.1) Hook up the underground compressor to the air lines underground in 
accordance with Ref. K.4 and K.12. 

2. (401.2) Start and stop the underground compressor in accordance with 
Ref. K.1. 

B. Underground Electrical System 

1. (402.1) Set a GFI on Ensign Hubbell switchgear in accordance with Ref. L. l. 

2. (402.2) Open a 13.8kV circuit breaker in the underground in accordance with 
Ref. L. l and L.15. 

3. (402.3) Close a 13.8kV circuit breaker in the underground in accordance with 
Ref. L.1 and L.15. 

4. (402.4) Open a Westinghouse circuit breaker at either Substation 2A or 2B in 
accordance with Ref. L.2. 

5. (402.5) Close a Westinghouse circuit breaker at either Substation 2A or 2B in 
accordance with Ref. L.2. 

6. (402.6) Rack a Westinghouse CB to the disconnect position in accordance with 
Ref. L.2 and L.14. _,.,.. ,/_ 

7. (402.7) Rack a Westinghouse CB to the test and co~nect positions in accordance 
with Ref. L.2 and L.14. · 

8. (402.8) Open a circuit breaker on a Portable Power Center in accordance with 
Ref. L.5. 

9. (402.9) Reset the GFI and close a circuit breaker on a Portable Power Center in 
accordance with Ref. L.5. 

10. (402.10) Open and close a single pole circuit breaker in the underground in 
accordance with Ref. L.3. 



C. Underground Ventilation System 
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1. (403.1) Align the Underground Ventilation System for a NORMAL 
VENTILATION lineup, for startup, shutdown and control of Waste Hoist Tower 
pressure in accordance with Ref. M.12. 

2. (403.2) Align the Underground Ventilation System for an ALTERNATE 
VENTILATION lineup, for startup, shutdown and control of Waste Hoist Tow1:r 
pressure in accordance with Ref. M.12. 

3. (403.3) Align the Underground Ventilation System for a REDUCED 
VENTILATION lineup, for startup, shutdown and control of Waste Hoist Towc!r 
pressure in accordance with Ref. M.12. 

4. (403.4) Align the Underground Ventilation System for a MINIMUM 
VENTILATION lineup, for startup, shutdown and control of Waste Hoist Tower 
pressure in accordance with Ref. M.12. 

5. (403.5) Align the Underground Ventilation System for a FILTRATION MODE 
lineup, for startup, shutdown and control of Waste Hoist Tower pressure in 
accordance with Ref. M.12. 

6. (403.6) Perform an air flow reading using the Davis anemometer in accordan ... 
with Ref. M. l. 

7. ( 403. 7) Open both sets of air doors of an airlock both electrically and manually in 
accordance with Ref. M.3. 

8. (403.8) Operate an air door both electrically and manually in accordance with 
Ref. M.2. 

9. (403.9) Start an U/G Booster fan in accordance with Ref. M.12 or M.15. 

D. Underground Fuel Station Operation and Inspection~ ,_.,. 

1. (404.1) Perform inspection of the underground· facilities, locating all components 
listed to be checked in the operating procedure in accordance with Ref. N.3. 

E. Underground Seismic Monitoring System 

1. (405.1) Line up the Underground Seismic Monitoring System for normal operation 
in accordance with Ref. 0.5. 

2. (405.2) Perform the Quarterly Operational Test of the U/G Seismic Monitorir' ' 
System in accordance with Ref. 0.5 and 0.6. 

3. (405.3) Demonstrate the required actions to be taken in the event of an Eartquake 
or Seismic Event in accordance with Ref. 0.4 and 0.5. 



FO-GUIDE-1 Rev. 1 
Section V-RW Page 1of5 

V. INTEGRATED PLANT KNOWLEDGE REQUIREMENTS - ROVING WATCH 

A. Equipment Tagout/Lockout (OPS-01 and OPS-OlTI (Ref. P.9) 

1. State the purpose of a Danger Tag. 

2. State the purpose of a Caution Tag. 

3. State the conditions that require an operations lock to accompany a tagout. 

4. State the personnel who are authorized to place Operations locks and tags. 

5. State when Operations locks and tags are placed and removed with respect to 
Maintenance locks. 

6. Describe the precautions observed when placing a tag on a component. 

7. State the conditions that must be met if a maintenance lock must be removed and 
the technician who installed the lock is not available (Ref. P.31). 

8. State the concurrence requirements for tagouts involving fire protection 
equipment. 

9. State the concurrence requirements for tagouts involving Operational Safety 
Requirement equipment or Controlled Area/Radioactive Material boundaries. 

10. Describe the requirements for tagging mobile equipment. 

11. State the consequences of intentionally viola~ng a lockout/tagout. 

-12. State the frequency of tagout/lockout audit petformance. -· /.-
13. Describe the method used to add work packages to a Tagout/Lockout Control 

Sheet. ·:,:_. 
/ .,· .. ·-

14. State what sources may be utilized to determine 1he proper location for placement 
of danger tags. '( 

\ 

15. Describe the requirements for stored energy devices (Ref. P.34). 

16. State the conditions required to allow removal of a tagout/lockout. 

17. Describe the actions that must be taken if a discrepancy is found during a 
tagout/lockout audit. 
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B. Temporary Plant Modification (OPS-02 and OPS-02n (Ref. P .10) 

1. State the purpose of the Temporary Plant Modification Control Procedure. 

2. State the definition of a Temporary Plant Modification (TPM). 

3. Describe the responsibilities of the Cognizant Operations Supervisor in regard to 
the TPM control procedure. 

4. Discuss the precautions and limitations associated with the TPM control 
procedure. 

5. Discuss the policies which govern the use of TPMs. 

6. State the type of work which is excluded from TPM control. 

7. State the physical requirements that must be met by mechanical and electrical 
Jumpers. 

8. State the physical requirements that must be met by lifted leads and blank flanges. 

9. State the notification requirement when authorizing a TPM for OSR equipment 

10. Discuss the requirements for completing blocks 1 through 19 of the TPM Cont'.tOl 
Record form. 

11. State the requirements for Shift Instruction entries in regard to TPMs when 
dealing with OSR related equipment. - - ~. 

12. State the source of retest requirements upon.restoration of equipment from a 
TPM ."~~ ... 

( . .. 
'/-

13. State the frequency of a TPM Control Record~:Sheet audit. 
1 

14. State the actions required if a discrepancy is found during a TPM Control Record 
Sheet audit. \ t 

\ 

15. Discuss the TPM Control recordkeeping requirements. 



C. Work Authorization (Ref. P.32 and P.33) 

1. State the purpose of an Action Request (AR). 
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2. Discuss the "graded approach" to site maintenance as it relates to plant work 
performance. 

3. State the purpose of a Work Change Notice (WCN). 

4. Describe work that is excluded from the authority of the Work Authorization 
procedure. 

5. State who the initiator of an AR shall be. 

6. State where the retest requirements can be found or who stipulates the retest 
requirements if the AR or Preventive Maintenance (PM) instruction does not 
address a retest. 

D. Conduct of Operations (Ref. P.4) 

1. Discuss the responsibilities of the Facility Operations Roving Watch. 

2. Discuss the responsibilities of the CMRO. 

3. Discuss the watchstanding practices as described in Section 6.0 of the Conduct of 
Shift Operations procedure. 

4. State the requirements for a procedure to be open and in step-by-step use. 

5. State the requirements that must be met to use a performance copy of a procedure 
that contains signoffs. 

6. Describe the conditions which must be met in order for the operator not to have a 
procedure open and in step-by-step use during an ·evolution. 

7. State the actions that an operator shall be capable of performing without reference 
to a procedure in an abnormal or emergency event. 

8. State the action required by an operator if a procedure cannot be performed as 
written. 

9. State the actions required if a procedure or evolution has been stopped due to a 
problem or shift turnover. 

10. Discuss the requirements of good communications techniques as described in 
Section 8.0 of the Conduct of Shift Operations procedure. 



11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 
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Discuss the requirements of good logkeeping techniques as described in 
Section 9.0 of the Conduct of Shift Operations procedure and the Shift Operatirf!:,,.' 
Logs procedure (Ref P.4, P.8). 

Discuss the fundamental principle of "Believe Your Indication" as it pertains to 
facility instrumentation. 

Discuss the good practices of monitoring instrumentation as described in 
Section 10 of the Conduct of Operations procedure. 

Discuss the good practices of performing watchstation tours and monitoring 
systems and equipment as described in Section 11 of the Conduct of Shift 
Operations procedure. 

Discuss the responsibilities of all operators in the event of a facility problem. 

Discuss the requirements for logging a facility problem. 

Discuss the good safety practices as described in Section 13 of the Conduct of 
Shift Operations procedure. 

Discuss the requirements governing the performance of On-the-Job Training as 
described in Section 14 of the Conduct of Shift Operations procedure . 

. · 
19. Discuss the requirements for performirig. a Shift Turnover as described in Section 

15 of the conduct of Shift Operations prQcedure . 
. • I 

Ii'-, 

20. Discuss the purpose and requirements for. reviewing required reading ·as described 
in Section 17 of the Conduct of Shift Operat(ons procedure. 

,· ~··" 
~.,,,.· 

E. Control of Operator Aids (Ref. P.5) ··(; .. 
._..Y • 

...-: . 
1. State the purpose of the Control of Operation Aids· procedure. 

2. State the person responsible for approving the posting' of an operator aid. 



F. Facility Emergencies 

FO-GUIDE-1 Rev. 1 
Section V-RW Page 5 of 5 

1. State the purpose of the WIPP Emergency Plan (Ref. P.38). 

2. Discuss the types of emergencies covered in the WIPP Emergency Plan 
(Ref. P.38) 

3. Discuss the emergency notification requirements of Section 4 .1 of the WIPP 
Emergency Plan and other directives (Ref. P.38, P.42). 

4. Define Class A and Class B Equipment as defined in WP12-918 (Ref. P.42). 

5. State the time requirement for classification of reportable occurrences for 
WP 12-918 (Ref. P.42). 

6. Discuss the Facility Operations Roving Watch response to a surface fire 
(Ref. P.47). 

G. System Lineups (Ref. P.6) 

1. Define the three levels in wh1sh systems are categorized for lineups. 
/ 

I .• 

2. State the responsibilities of the PoSitioner. 
: r·-,. 

3. State the responsibilities of the Independent Verifier. 
~ ... _,,,,, 

4. Discuss the requirements for performing~SY._Stem lineups. 

5. Discuss the general requirements used in pe~orming a system lineup . 
..... - -

6. Discuss the specific requirements for checking· the position of valves, valve 
operator clutches, dampers, circuit breakers, and switches. 
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V. INTEGRATED PLANT KNOWLEDGE REQUIREMENTS - CMRO 

A. CMS Point Scan/ Alarm Check Removal Authorization (Ref P. 7) 

1. State the person responsible for authorizing the removal of CMS points from scan 
or alarm check. 

2. Discuss the contents of the Scan/ Alarm Check Removal Logbook. 

3. State when short-term removal of a CMS point from scan or alarm check is used. 

4. Discuss the documentation of a short-term CMS point scan or alarm check 
removal. 

5. Discuss the CMRO response that is required when a local processing unit (LPU) 
must be downloaded with respect to CMS point scan or alarm check removal. 

B. Facility Emergencies 

1. State the responsibility of the CMRO in the notification process following an 
occurrence (Ref. P.42). 

2. Discuss the CMRO response, including any required public address 
announcements to a surface fire (Ref. P.47) 

3. Discuss the actions performed by Facility ~rations in the event of an 
underground emergency (Ref. P.46, P.48, P:49). 

"!· 
4. Discuss the actions performed by Facility Op~tions in the event of a national 

\,./ 

emergency (Ref. P .41). ... : 

5. Discuss the actions performed by Facility Operations in the event of a force of 
nature emergency (Ref. P.43, P.46). 

6. Discuss the immediate response required by any employee in the event of an 
unintentional release of a hazardous material (Ref. P .44). 

7. Discuss the response required by the CMRO when a site evacuation is ordered 
(Ref. K.46). 
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V. INTEGRATED PLANT KNOWLEDGE REQUIREMENTS - FOSS 

A. Work Authorization (Ref. P.32, P.33) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Discuss the use of the Work Request Comments/Partial Release Form. 

Discuss the use of the Plant Work Suspension Sheet. 

Discuss the contents of a Modification Impact Checksheet and state when one is 
required to be used. 

Describe the WIPP work control system priorities. 

State the person responsible for establishing the priority of an Action Request. 

State the equipment design classifications and where the classifications can be 
found. 

Describe the approval requirements for an AR based on equipment design 
classification. 

Describe the AR categories used in the Work Authorization procedure. 

Discuss the priorities for the scheduling of preventive maintenance items. 

Discuss the procedures employed by the FOSS for the tracking of ARs that are 
released for field work. \ ... · 

Describe the actions to be taken if work inStfir.ctions cannot be worked as written. 

Discuss when ARs may be cancelled. 
r. 

Describe the differences in the processing of "J" ARs as compared to the 
processing of "C" or "P" ARs. 

Discuss the items and reviews listed in blocks 1 through 8 and 10 of the Work 
Order Concurrence/ Approval Checksheet. Include specific times when signatures 
are required in the blocks. 
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B. Conduct of Operations (Ref. P .4) 

1. Discuss the purpose and requirements for reviewing shift instructions as described 
in Section 16 of the Conduct of Shift Operations procedure. 

2. Discuss the responsibilities of the FOSS. 

3. State the reporting chain within Facility Operations and from the FOSS to the 
WID General Manager. 

4. State the purpose of the Conduct of Shift Operations procedure. 

5. Discuss the authority of the FOSS under the Conduct of Shift Operations 
procedure. 

6. State the priorities of shift operations as arranged under the Conduct of Shift 
Operations procedure. 

7. State the requirements for holding on-shift assessment meetings and safeguardin~ 
evidence following an event. 

C. Control of Operator Aids (Ref. P.5) 

D. 

1. State the responsibility of the FOSS in the approval process for an Operator ai(L 

2. State the purpose and location of the Master Operator Aid Notebook. 

3. State the review requirement for all posted Operator Aids. 

4. State the posting requirements for an Operator Aid. 

Facility Emergencies 

...-:::. 
1. Discuss the immediate response requirefl!_.Blts for the FOSS in the event of a site 

emergency (Ref. P.4, P.38 through P.501;::. 
?-
,.::.·:. 

2. State the responsibility of the FOSS in the nptification process following an 
occurrence (Ref. P.42). · ... 

3. State the responsibilities of the EQSS when off-site response of WIPP emergency 
equipment and/or personnel are requested under a Memorandum of Understanding 
(Ref. P.38). 

4. State the person responsible for activation of the Emergency Operations Cente~, 
(EOC) in the event of an occurrence requiring EOC activation 
(Ref. P.39, P.43 through P.49). 

5. Discuss the responsibilities of the FOSS in the event of a surface fire (Ref. P .47). 
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6. Discuss the responsibilities of the FOSS in the event of a security emergency 
(Ref. P .45). 

7. Discuss the actions required by the FOSS in the event of a Hazardous Materials 
Spill (Ref. P.44). 

8. State the authority of the FOSS for directing a site evacuation (Ref. P.4, P.46). 

9. Discuss the response required by the FOSS when a site evacuation has been 
directed (Ref. P.46). 

E. System Lineups (Ref. P.6) 

1. State the responsibilities of the Cognizant Operations Supervisor. 

2. Discuss the requirements for developing a system lineup. 

F. Quality Assurance and Safety Programs (P-37) 

1. Discuss the requirements of the Quality Assurance Program as it applies to the 
control of work and operations at WIPP (Ref. P.51 through P.56). 

2. Discuss the requirements of the Safety Program as it applies to the control of 
work and operations at WIPP (Ref. P.34 through P.38). 

3. Discuss the requirements of surface excavation and backfill permits (Ref. P.28). 

G. Regulatory Compliance 

1. Discuss the contents of the WIPP Contingency Plan. Include the implementation 
requirements of the plan and the major s~tions covered (Ref. P .3). 

l _ .... 
(.....i 

2. Discuss the requirements for hazardous waste accumulation and disposal at the 
#/ 

WIPP site (Ref. P. l). C ,,..-
'<: 

3. Discuss why a "Request for Disposal" fom(must be filled out for each hazardous 
waste generated at the WIPP site (Ref. P.l). 

4. Discuss how to determine if an item of waste is "controlled" (Ref. P.l). 

5. Discuss the requirements for the usage and proper disposal of personally owned, 
but regulated items at the WIPP site (Ref. P.1). 

6. Discuss the actions required if a substance that is suspected or known to be 
regulated is found without an accompanying Material Safety Data Sheet 
(Ref. P.1). ' 
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-·-
7. Discuss the relationships be~n the DOT and RCRA with respect to hazardo1 

materials (Ref. P .1). "/:..._ " 
'--/ _ .. 

,..-, 

8. Describe the differences between:.Solid, Radioactive and Mixed wastes (Ref. P.1) . 
..__.-w ,,,-

\. ........... 
9. List the locations and requirementS_{or "Satellite Accumulation" areas at the WIPP 

site (Ref P .1). '. :., , .. ,,,,.., 
,,.,.#,...r-
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V. INTEGRATED PLANT KNOWLEDGE REQUIREMENTS - U/G ROVING WATCH 

A. Equipment Tagout/Lockout (OPS-01 and OPS-Ol'D (Ref. P.9) 

1. State the purpose of a Danger Tag. 

2. State the purpose of a Caution Tag. 

3. State the conditions that require an operations lock to accompany a tagout. 

4. State the personnel who are authorized to place Operations locks and tags. 

5. State when Operations locks and tags are placed and removed with respect to 
Maintenance locks. 

6. Describe the precautions observed when placing a tag on a component. 

7. State the conditions that must be met if a maintenance lock must be removed and 
the technician who installed the lock is not available (Ref. P.31). 

8. State the concurrence requirements for tagouts involving fire protection 
equipment. 

9. State the concurrence requirements for tagouts involving Operational Safety 
Requirement equipment or Controlled Area/Radioactive Material boundaries. 

10. Describe the requirements for taggin~_mobile equipment. 

11. State the consequences of intentionallyv!olating a lockout/tagout. 
(.~ 

12. State the frequency of tagout/lockout all'dl§:Performance. 
r-

13. Describe the method used to add work pa~ges to a Tagout/Lockout Control 
Sh~. C ' .. 

14. State what sources may be utilized to determine the proper location for placement 
of danger tags. 

15. Describe the requirements for stored energy devices (Ref. P.34). 

16. State the conditions required to allow removal of a tagout/lockout. 

17. Describe the actions that must be taken if a discrepancy is found during a 
tagout/lockout audit. 
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B. Temporary Plant Modification (OPS-02 and OPS-02T) (Ref. P.10) 

1. State the purpose of the Temporary Plant Modification Control Procedure. 

2. State the definition of a Temporary Plant Modification (TPM). 

3. Describe the responsibilities of the Cognizant Operations Supervisor in regard to 
the TPM control procedure. 

4. Discuss the precautions and limitations associated with the .TPM control 
procedure. 

5. Discuss the policies which govern the use of TPMs. 

6. State the type of work which is excluded from TPM control. 

7. State the physical requirements that must be met by mechanical and electrical 
jumpers. 

8. State the physical requirements that must be met by lifted leads and blank flanges. 

9. State the notification requirement when authorizing a TPM for OSR equipment . 

10. Discuss the requirements for completing blocks 1 through 19 of the TPM ConM>l 
Record form. 

11. State the requirements for Shift Instruction entries in regard to TPMs when 
dealing with OSR related equipment. 

--12. State the source of retest requirements ~pen restoration of equipment from a 
TPM. Y~ 

4. 
13. State the frequency of a TPM Control ReC°'Otd Sheet audit. 

14. State the actions required if a discrepancy is"' found during a TPM Control Record 
Sheet audit. 

15. Discuss the TPM Control recordkeeping requirements. 



C. Work Authorization (Ref. P.32 and P.33) 

1. State the purpose of an Action Request (AR) form. 
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2. Discuss the "graded approach" to site maintenance as it relates to plant work 
performance. 

3. State the purpose of a Work Change Notice (WCN). 

4. Describe work that is excluded· from the authority of the Work Authorization 
procedure. 

5. State who the initiator of an AR shall be. 

6. State where the retest requirements can be found or who stipulates the retest 
requirements if the AR instructions do not address a retest. 

D. Conduct of Operations (Ref. K.4) 

1. Discuss the responsibilities of the Facility Operations Roving Watch. 

2. Discuss the responsibilities of the CMRO. 

3. Discuss the watchstanding practices as described in Section 6.0 of the Conduct of 
Shift Operations procedure. 

4. State the requirements for a procedure to be open and in step-by-step use. 

5. State the requirements that must be met to use a performance copy of a procc~ure 
that contains signoffs. 

~ ,• 
~· 

6. Describe the conditions which must be rritfin order for the operator not to have a 
procedure open and in step-by-step use dutiJlg an evolution. 

'E::: 
7. State the actions that an operator shall be ccrpable of performing without reference 

to a procedure in an abnormal or emergency ·~vent. 

8. State the action required by an operator if a procedure cannot be performed :ilS 

written. 

9. State the actions required if a procedure or evolution has been stopped due to a 
problem or shift turnover. 

10. Discuss the requirements of good communications techniques as described in1 
Section 8.0 of the Conduct of Shift Operations procedure . 

• 
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11. Discuss the requirements of good logkeeping techniques as described in .. 
Section 9. 0 of the Conduct of Shift Operations procedure and the Shift Operatirlg" " 
Logs procedure (Ref. P.8). 

12. Discuss the fundamental principle of "Believe Your Indication" as it pertains to 
facility instrumentation. 

13. Discuss the good practices of monitoring instrumentation as described in 
Section 10 of the Conduct of Shift Operations procedure. 

14. Discuss the good practices of performing watchstation tours and monitoring 
systems and equipment as described in Section 11 of the Conduct of Shift 
Operations procedure. 

15. Discuss the responsibilities of all operators in the event of a facility problem. 

16. Discuss the requirements for logging a facility problem. 

17. Discuss the good safety practices as described in Section 13 of the Conduct of 
Shift Operations procedure. 

18. Discuss the requirements governing the performance of On-the-Job Training as 
described in Section 14 of the Conduct of Shift Operations procedure. 

19. Discuss the requirements for performing a Shift Turnover as described in 
Section 15 of the Conduct of Shift Operations procedure. 

20. Discuss the purpose and requirements for reviewing required reading as described 
in Section 17 of the Conduct of Shift Opera,tlens procedure. 

-~--
E. Control of Operator Aids (Ref. P .5) ~, 

1. State the purpose of the Control of Operation Aids procedure. 

2. State the person responsible for approving the posting of an operator aid. 



F. Facility Emergencies 
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l. State the purpose of the WIPP Emergency Plan (Ref. P.38). 

2. Discuss the types of emergencies covered in the WIPP Emergency Plan 
(Ref. K.38). 

3. Discuss the emergency notification requirements of section 4.1 of the WIPP 
Emergency Plan and other directives (Ref. P.38 and P.42). 

4. Define Class A and Class B Equipment as defined in WP12-918 (Ref. P.42). 

5. State the time requirement for classification of reportable occurrences for 
WP 12-918 (Ref. P.42). 

6. Discuss the Underground Roving Watch response to an underground fire 
(Ref. P .48). 

G. System Lineups (Ref. P.6) 

1. Define the three levels in which systems are categorized for lineups. 

2. State the responsibilities of the Positioner. 

3. State the responsibilities of the Independent Verifier. 
~· 

-0'... 
4. Discuss the requirements for performing ~tern lineups . . ,, 

0-: 
5. Discuss the general requirements used in peff(Jrming a system lineup . ...... . -
6. Discuss the specific requirements for checking the position of valves, valve 

operator clutches, dampers, circuit breakers, and switches. 
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V. INTEGRATED PLANT KNOWLEDGE REQUIREMENTS - U/G FACil..ITY ENGINEE 

A. Work Authorization (Ref. P.32, P.33) 

1. Discuss the use of the Work Request Comments/Partial Release Form. 

2. Discuss the use of the Plant Work Suspension Sheet. 

3. Discuss the contents of a Modification Impact Checksheet and state when one is 
required to be used. 

4. Describe the WIPP work control system priorities. 

5. State the person responsible for establishing the priority of an Action Request. 

6. State the equipment design classifications and where the classifications can be 
found. 

7. Describe the approval requirements for an AR based on equipment design 
classification. 

8. Describe the AR categories used in the Work Authorization procedure. 

9. Discuss the priorities for the scheduling of preventive maintenance items. 

10. Discuss the procedures employed by the r'OSS for the tracking of ARs that are 
released for field work. ~ . ,.-

/.,,......,. ·--... -
11. Describe the actions to be taken if work inStructions cannot be worked as written . 

12. Discuss when ARs may be cancelled. 

13. Describe the differences in the processing of "J" ARs as compared to the 
processing of "C" or "P" ARs. 

14. Discuss the items and reviews listed in blocks 1 through 8 and 10 of the Work 
Order Concurrence/ Approval Checksheet. Include specific times when signatures 
are required in the blocks. 
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B. Conduct of Operations (Ref. P.4) 

1. Discuss the purpose and requirements for reviewing shift instructions as described 
in Section 16 of the Conduct of Shift Operations procedure. 

2. Discuss the responsibilities of the FOSS. 

3. State the reporting chain within Facility Operations and from the FOSS to the 
WID General Manager. 

4. State the purpose of the Conduct of Shift Operations procedure. 

5. Discuss the authority of the FOSS under the Conduct of Shift Operations 
procedure. 

6. State the priorities of shift operations as arranged under the Conduct of Shift 
Operations procedure. 

7. State the requirements for holding on-shift assessment meetings and safeguarding 
evidence following an event. 

C. Control of Operator Aids (Ref. P .5) 

D. 

1. State the responsibility of the FOSS in the approval process for an Operator aid. 

2. State the purpose and location of the Mas~r Operator Aid Notebook. 

3. State the review requirement for all posted Operator Aids. 

4. State the posting requirements for an Operator Aid. 
, . ..,,.,.-

Facility Emergencies 

1. Discuss the immediate response requirements' for the UFE in the event of a site 
emergency (Ref. P.4, P.38 through P.50). 

2. State the responsibility of the FOSS in the notification process following an 
occurrence (Ref. P.42). 

3. Discuss the responsibilities of the UFE in the event of an Underground Fire 
(Ref. P.48). ·-

4. Discuss the actions required by the UFE in the event of a Hazardous Materials 
Spill (Ref. P.44). 

5. Discuss the response required by the UFE when an underground or site evacuation 
has been directed (Ref. P.46). 



E. System Lineups (Ref. P. 6) - . 
·' 
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1. State the responsibilities Of the Cognizant Operations Supervisor. 

2. Discuss the requirements for:developing a system lineup. 

-
... -. -

.,. -.-
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VI. INTEGRATED PLANT PRACTICAL EVALUATION-ROVING WATCH 

A. Equipment Tagout/Lockout (OPS-01 and OPS-OlT) (Ref. P.9) 

1. (111.1) Prepare an equipment Tagout/Lockout Control Sheet and the associated 
tags for a facility component as specified by the evaluator. 

2. (111.2) After the equipment tagout/lockout has been authorized, place the 
equipment tagout/lockout on the specified component. 

3. (111.3) Remove the equipment tagout/lockout that was placed in practical 
requirement 2. 

4. (111.4) Perform a tagout/lockout audit. 

B. Temporary Plant Modification (OPS-02 and OPS-02T) (Ref P .10) 

1. (112.1) Given specific information for placing a TPM on a plant component, 
prepare a TPM Control Record Form. 

2. (112.2) Perform a TPM Control Record Form audit. 

C. Work Authorization (Ref. P.32) 

1. (113.1) Initiate an Action Request (AR). 

D. Conduct of Operations (Ref. P.4, P.8) 

1. (114.1) Demonstrate proper communications techniques during face-to-face and 
radio communication. 

2. (114.2a and 114.2b) Complete one set of Facility Operations logs on a graveyard 
and one on a day shift. _-;,.. 

.,,,-
·_3-

3. (114.3) Maintain the Roving Watch narrativ~iog during one shift, either 
graveyard shift or dayshift. r 

4. (114.4) Perform a tour of the WIPP surface facilities. 

5. (114.5) Perform an oncoming I,l.Qving Watch turnover. 

6. (114.6) Perform an off-going Roving Watch turnover. 
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E. Facility Emergencies 

1. (115.1) Demonstrate the response required for each of the following facility 
emergencies: 

a. Surface Fire in accordance with Ref. P.47. 

b. Hazardous Materials Spill in accordance with Ref. P.44. 

c. Low Plant Air Pressure alarm in accordance with Ref. P.12. 

F. System Lineups (Ref. P.6) 

1. (116.1) Perform a system lineup as ~e positioner. 

G. Watchstanding Requirements 
,.,- . 

1. (117.1, 117.2) Stand two under instructio!f-:watches as the Roving Watch on 
graveyard shift. ~.-.:: 

;. .. ~ 

·--
2. 

<~·~::.. 
(117. 3, 117.4) Stand two under instruction ~atches as the Roving Watch on 
dayshift (Monday-Friday). ~::~ ... 

3. (117.5, 117.6) Stand two under instruction wat~hes as the Roving Watch on aiiy 
shift. ;:--

.. ...-
-· ". 
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VI. INTEGRATED PLANT PRACTICAL EVALUATION - CMRO 

A. CMS Point Scan/ Alarm Check Removal Authorization (Ref. P. 7) 

1. (211.1) Prepare a Scan/ Alarm Check Removal logsheet to remove a point from 
scan or alarm check as specified by the evaluator. Remove the point from scan or 
alarm check after authorization is received. 

2. (211.2) Reinstate a CMS point to scan or alarm check. 

3. (211.3) Perform a weekly scan/alarm check logbook review. 

B. Conduct of Operations (Ref. P.4, P.8, P.11) 

1. (212.1) Maintain the CMR narrative log during one shift, either graveyard or day 
shift. 

C. Facility Emergencies 

1. (213.1) Demonstrate the response required for each of the following facility 
emergencies: 

" -
a. Surface Fire in accordance with Ref.-P_,.47. 

b. 

c. 

'~ , , 
·~· .· 

Hazardous Materials Spill in accordancc;.with Ref. P.44. . ,,,, 
·2 

Underground Fire in accordance with Ref,;:'P .48. 
·-

d. Low Plant Air Pressure alarm in accordance with Ref. P .12. 

D. Watchstanding Requirements 

• 

1. (214.1, 214.2) Stand two under instruction watches as the CMRO on graveyard 
shift. 

2. (214.3, 214.4) Stand two under instruction watches as the CMRO on dayshift 
(Monday-Friday) 

3. (214.5, 214.6) Stand two under instruction watches as the CMRO on any shift. 
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VI. INTEGRATED PLANT PRACTICAL EVALUATION- FOSS 

A. Equipment Tagout/Lockout (OPS-01) (Ref. P.9) 

1. (311.1) Authorize a Tagout/Lockout Control Sheet for placement in the facility. 

2. (311.2) Authorize an equipment tagout/lockout removal. 

3. (311.3) Complete tagout filing for the Tagout/Lockout Control Sheet. 

B. Temporary Plant Modification (OPS-02) (Ref. P .10) 

1. (312.1) Authorize a TPM Control Record Form for placement in the facility. 

2. (312.2) Authorize the restoration of a TPM. 

C. Work Authorization (Ref. P.32) 

1. (313.1) Review and release an AR to the craft for work in the field. 

2. (313.2) Suspend an AR. 

3. (313.3) Close out an AR. 

D. CMS Point Scan/ Alarm Check Removal Authorization (Ref. P. 7) 

E. 

1. (314.1) Authorize the removal of a CMS ~ii}t from scan or alarm check. 
c 

2. (314.2) Concur with the reinstatement of a C~~S point to scan or alarm check. 
c 

Conduct of Operations 

l. (315.1) Review one set of Facility Operations logs from any shift for accuracy 
and compliance in accordance with Ref. P.8. 

2. (315.2) Review the CMR and Roving Watch narrative logs for one shift for 
accuracy and compliance in accordance with Ref. P.4 and P.8. 

3. (315.3) Perform an oncoming Shift Supervisor turnover in accordance with 
Ref. P.4. 

4. (315.4) Perform an off-going Shift Supervisor turnover in accordance with 
Ref. P.4. 
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F. Control of Operator Aids (Ref. P.5) 

1. (316.1) Recommend approval of an Operator aid. 

2. (316.2) Perform a review of all Facility Operations posted operator aids. 

G. Facility Emergencies 

1. (317 .1) Demonstrate the response required for each of the following facility 
emergencies: 

a. 

b. 

c. 

d. 

e. 

Surface Fire in accordance with Ref. P.47. 

Hazardous Materials Spill -jir accordance with Ref. P. 44. ,..,.., . 
.r·;« 

Underground Fire in accordi]fce with Ref. P.48. 
_,....,. 

Medical Emergency in accor~~ with Ref. P.49. 
~ 

Low Plant Air Pressure alarm irt1ccordance with Ref. P .12. 
~-~; 

H. System Lineups (Ref. P.6) "',::::.. 
::;:.. 

1. (318.1) Review a system lineup for approp"riite component position for the 
current operating status of the system. c-.::. 

0 
2. (318.2) Review a system lineup. 



I. Watchstanding Requirements 
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1. (319.1) Stand one under instruction watch as the Roving Watch on graveyard 
shift. (Required· item for FOSS Candidates not currently certified as Roving 
Watch) 

2. (319.2) Stand one under instruction watch as the Roving Watch on dayshift 
(Monday-Friday). (Required item for FOSS Candidates nQ1 currently certified as 
Roving Watch) 

3. (319.3) Stand one under instruction watch as the CMRO on graveyard shift. 
(Required item fdr FOSS Candidates run currently certified as CMRO) 

,-"'_. 

4. (319.4) Stand one under instruction wa~:.as the CMRO on dayshift 
(Monday-Friday). (Required item for FOSS_Candidates nQ1 currently certified as 
CMRO) 'c:· 

n /-.,.-

5. (319.5, 319.6, 319.7) Stand three under ins~ction watches as the FOSS on 
graveyard shift. 'cC--

0 
6. (319. 8, 319. 9, 319 .10) Stand three under instrucfi® watches as the FOSS on 

dayshift (Monday-Friday). "'/ 
C' 

7. (319.11, 319.12, 319.13) Stand three under instruction watches cross-crew as the 
FOSS on any shift. 

' ' " 
'V ·.:" .· .. / 
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VI. INTEGRATED PLANT PRACTICAL iv ALUATION - U/G ROVING WATCH 

A. Equipment Tagout/Lockout (OPS-01 and OPS-OlT) (Ref. P.9) 

1. (411.1) Prepare an equipment Tagout/Lockout Control Sheet and the associated 
tags for a facility component as,.specified by the evaluator. 

; 

2. (411.2) After the equipment tagout/lockout has been authorized, place the 
equipment tagout/lockout on the specified component. 

I ,_.,. 

3. (411.3) Remove the equipmen\;tagc:>ut/lockout,,that was placed in practical 
requirement 2. 

4. (411.4) Perform a tagout/lockout audit. 

B. Temporary Plant Modification (OPS-02 and OPS-02T) (Ref. P .10) 

l. (412.1) Given specific information for placing a TPM on a plant component, 
prepare a TPM Control Record Form. 

2. (412.2) Perform a TPM Control Record Form audit. 

C. Work Authorization 

D. 

1. (413.1) Initiate an Action Request (AR) form in accordance with Ref. K.32. 

Conduct of Operations 
.... .. 
..%. 

1. (414.1) Demonstrate proper communications ~hniques during face-to-face and 
radio or mine phone communication in accordan~ with Ref. P .4. 

2. (414.2a and 414.2b) Complete one set of Facility Operations logs on a graveyard 
and one on a day shift in accordance with Ref. P.8. 

3. (414.3) Maintain the U/G Roving Watch narrative log during one shift in 
accordance with Ref. P.4 and P.8. 

4. (414.4) Perform a tour of the WIPP U/G facilities in accordance with Ref. P.4. 

5. (414.5) Perform an oncoming U/G Roving Watch turnover in accordance with 
Ref. P.4. -

6. (414.6) Perform an off-going U/G Roving Watch turnover in accordance with 
Ref. P.4. 



'1 
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FO-OUIDE-1 Re\. l 
Section VI-UGRW Page 2 cif 2 

E. ·· ... ·Facility Emergencies'' · · ~ . 

F. 

G. 

1. ( 415 .1) Demonstrate the response required for each of the following facility 
emergencies: 

• j 

a. Surface Fire in accordance with Ref. P.47. 

b. Undergr~u11d. or Site Evacuation in accordance with Ref. P.46. 

c. Underground Fire in accordance with Ref. P .48. 
· :. , .. · f),1 · :r.: :.. ~o • · . '· 

d. U_ndergroun~ Medical Emergency in accordance with Ref. P .49. 
' .:.:, ~' ~ :\ j ~ ,. \ ~ 

e. Hazardous Materials Spill in accordance with Ref. P. 44. 
~· ;. ft', - .. . ~~Ji ~ . - - . 

.. · 

f. Low Plant Air Pressure alarm in aecordance with Ref. P.12. 
- ' ·,, v ····-

1_...i 

System Lineups 
......... -__ . -. . ' ~ 
~ 

(416.1) Perform a system lineup as the positio(vn accordance with Ref. P.6. 
. ~I ..... ~ 

1. 

Watchstanding Requirements ~~ 
a 

1. 
\.Y_ ' 

(417.1, 417.2, 417.3, 417.4) Stand four under instl'QCtion watches as the U/G 
Roving Watch on dayshift (Monday :..· Friday). 

2. . ; :(417.5, 417.6): Stand two under instruction watches as the U/G Roving Watch 0:1 

backshift (Monday-Friday). 

L·.;. , 

" 



FO-GUIDE-1 Rev. 1 
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VI. INTEGRATED PLANT PRACTICAL EVALUATION - U/G ,FACILIJY ENGINEER 
' r..... ·-- .. ~ . ·' .. x ... ' ~4 

A. Equipment Tagout/Lockol!t <()PS-01} (Ref. P.9) 

B. 

c. 

D. 

1. (511.1) Authorize a Tagout/Lockout Control Sheet for placement in the facility. 
'1 ~ ''. ' j_. 

2. (511.2) Authorize an equipment tagout/lockout removal. 
-, ' 

3. (511.3) Complete tagout''filing for the Tagout/Lockout Control Sheet. 
-· :. o~.,.. _ · : .t·.,;r;· ( · 

Temporary Plant Modification (OPS-02) (Ref. P.10) 

1. 
·; ,,··· u ; t<~ • • : .. ~j 

(512.1) Authorize a TPM Control Record Form for placement in the facility. 

2. 
1, f 4:: ~ ~ ,\, •" ~' ·.: I ~ 

(512.2) Authorize the restoration of a TPM. 

Work Autborizati~n (Ref. P. 32) 

1. (513.1) Review and release an AR to the craft for work in the field. 

2. (513.2) Suspend an AR. 

3. (513.3) Close out an AR. 

Conduct of Operations 
· .. -:.. 

1. (514.1) Review one set of Facility Operations:·tqss from any shift for accuracy 
and compliance in accordance with Ref. P.8. ·:~_ 

c 
2. (514.2) Review the U/G Roving Watch narrative tog for one shift for accuracy 

and compliance in accordance with Ref. P .4 and P .'8. 

3. (514.3) Perform an oncoming U/G Facility Engineer turnover in accordance with 
Ref. P.4. 

4. (514.4) Perform an off-going U/G Facility Engineer turnover in accordance with 
Ref. P.4. 

E. Control of Operator Aids (Ref. P .5) 

1. (515 .1) Recommend approval Ofan Operator aid. 

2. (515.2) Perform a review of all Facility Operations posted operator aids in the 
underground facility. 



F. 

G. 

H. 

FO-GUIDE-1 Rev. I 
Section VI-UFE Page 2 (>f 2 

Facillty Eme~encies :k . ., rt . ·· 
t::'t~i~:r·~· .·-.;· ~~~~7~~te t.rit' . 

. !t:t'., . 

1. (516.1) Demonstrate the response required for each of the following facility 
eipergencies,;·. 

c. 

<le. 
e . 

Und<ift°utld or Site Evacuation in ,accordance with Ref. P .46. 

(1Un4ffi:g!Vm1'·:1'-ire in~~ with Ref. P.48. 
...i ~.,., t...:1. .: •. '. 

· l.J.i~~p4. Medical ~~y ¥1. accordance with Ref. P .49. 
~ ·. '· .. ~ 

• ~f. ; J~'>(~\"!1*f. m··Ptessure alarm in accordance with Ref. P .12. 

System Lineups r%.~~l· 6) · 
0 

: 

' • • . ;;~""! 
, , 1. (517 .1) Revie'Y a sy$f.fm lineu}'.f,fdr appropriate component position for the 
.,,, . ~ .. 1.rh~.urrerit ~~rtr·~ of the system. 

Wat~~~.rtg ~!&~~- '< .... ·,;;tri; . · 
ack>' er ·. . . 

1. ~18.1) Stalld one under instruction Witch as the U/G Roving Watch on 

2. 

3. 

4. 

5. 

backsbjft. (Required item for UFE Candidates nQ1 currently certified as U/G 
Rovfug 'Wa~) '/ · .'. •2; . u · ·.-:i 

_,.. ............ i "" ·~\" __ .,.,. 

'. ./ 

'J18.2) Starld one under insmiction watch as th~$/G Roving Watch on dayshift 
(Monday .. friday). (Required item for UFE Candidates run currently certified as 
,~1a·Jl6vfog'~warch) · · 

=~l:~::4~:::18.,) Stand't!Wd under ins&ruction watches as the UFE on 

. : . /V' • 

{:.ll:. -; t t!\ ' .. 
(518.6~ 518. 7, 518.8) Stand three under instruction watches as the UFE on 
~~~~onday-Friday). , . 

' - QI'} ' 

(518.9, ~18.10, 518,11) Stand three under instruction watches cross-crew as the 
UFE on dayshift (MOJlCiay-Fri~ 
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WIPP PART B PERMIT APPLICATION REVIEW 
CLOSURE AND POST -CLOSURE PLAN 

CHAPTER I 

GENERAL COMMENTS 

1. The Closure Plan does not address closure of disposal zones in the main access drifts, 
which are outside the eight HWMU panels. Chapter B (page 8-10, line 40), Chapter I 
(Appendix 11), and previous WIPP documents indicate that this area will be used for 
disposal, but it is not identified as a unit or units in the Part A or elsewhere in the 
application. This deficiency may require overall revision of the application. If this area 
will not be used for disposal, then Appendix 11 contains major conceptual errors. Revise 
the permit application as appropriate to address this. Refer to Specific Comments 1, 3, 
6, 7, 9 and 10. 

RESPONSE 

The Closure Plan has been modified to discuss closure in terms of panel closure, final 
facility closure, and contingency closure. Panel closure is the closing of an underground 
HWMU so that mine air no longer circulates through the HWMU. Final facility closure is 
closure of the entire facility once all waste management activities have been completed. 
Contingency closure will occur in the event the permit is not renewed and involves 
closure in a manner that allows the DOE to continue operations with waste that are non
mixed waste. The closure of the disposal area access drifts is considered in the context 
of panel closure and these drifts would not be used for waste during the initial permit 
period. Flexibility is included in the panel closure system design to assure the closure 
accommodates whatever ground conditions exist at the time of closure. 

More detail on the panel closure is included in the responses to Specific Comments 
1,3,6,7 ,9, and 10. 

***** 

2. The Closure Plan text contradicts the conclusions in Appendix 11, in stating that panel 
seals are necessary to restrict emissions of volatile organic waste constituents in order 
to meet health-based limits at the facility boundary. In addition to this inconsistency, the 
text of the application fails to mention the more important function of panel seals, that is, 
to contain methane fires or explosions (as explained in some detail in Appendix 11). 
Revise the permit application as appropriate to address this. Refer to Specific Comments 
2, 14 and 16. 

RESPONSE 

Note that panel closures are not being characterized by the DOE as seals as this and 
subsequent comments imply. Furthermore, control of methane explosions is not a more 
important function than achieving compliance with environmental performance standards. 

·A footnote has been added to the introductory paragraph to remind the reader of the 
different mechanisms that cause the migration of volatile organic compounds (VOCs) 
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values in Chapter D, Table 0-3, are based on 930 drums. Since none of the values have 
changed significantly (i.e., more than an order of magnitude) and the compliance margins 
are high (i.e., 6 to 8 orders of magnitude} as shown in Table D-3, the values used for 
design purposes are considered by the DOE to be adequate. 

Intrinsic permeabilities and their source are now included in Appendix 11 in Table 2-1. 

No monitoring or maintenance is anticipated for a closed panel. This is possible based 
on the choice of materials and the fact that the success of construction will be verified 
by the construction process and associated Quality Assurance/Quality Control activities. 
Each of the sections in the Technical Specifications cites the applicable component 
testing and evaluation procedure for verification of construction. This topic is discussed 
further in the Post-Closure Care Plan in Section 1-2. · 

***** 

4 



WIPP PART B PERMIT APPLICATION REVIEW 
CLOSURE AND POST-CLOSURE PLAN 

CHAPTER I 

SPECIFIC COMMENTS 

1. Chapter I, Introduction, Page 1-1, Lines 6-9. 

The permit application does not clearly identify the units to be closed. The four main 
access drifts (between the eight waste panels) are implied to be filled with waste after 
panels 1-8 are closed, according to Appendix 11, Section 4.2. Previous DOE documents 
(e.g., the 1994 Waste Backfill Engineering Analysis) are much more explicit in describing 
the main access drift disposal zone. However, this disposal zone is not described in the 
Closure Plan or other parts of the hazardous waste permit application. These access 
drifts (W-170, W-30, E-140 and E-300; and cross-drifts) will apparently contain about as 
much waste as two panels. Revise the permit application to provide a detailed 
description of the access drift disposal zone and to clarify whether this area is considered 
a single unit or multiple units. If these drifts are not to be used for disposal, Appendix 
11 and Chapter B (page B-10, line 40) must be revised. Also revise all appropriate 
portions of the permit application to include these access drifts (e.g., Part A, Chapter D), 
if the drifts are to be used for waste disposal. 

RESPONSE 

Text has been added to the Introduction to indicate that the following units will be closed: 
Panels 1 through 8, the disposal area access drifts noted as E-300, E-140, W-30, and 
W-1170 between S-1600 and S-3650 on Figure 1-1, the Waste Handling Building 
hazardous waste management units, and the parking lot container management unit are 
subject to closure under the Closure Plan in Chapter I. The disposal area access drifts 
have been designated as Panels 9 and 10 for convenience in the performance 
assessment being conducted under 40 CFR Part 191. This designation is retained in this 
application. Panels 9 and 10 have been specified since the DOE may need this area in 
order to reach the design capacity of 6.2 million cubic feet of waste in the WIPP Land 
Withdrawal Act. The DOE currently believes that Panel 9 will be filled and closed after 
Panel 8 and that Panel 10 will be filled and closed after Panel 9. However, the DOE will 
maintain the flexibility to fill and close portions of Panels 9 and 10 at other times 
depending on a number of factors that will be evaluated at the time these areas are no 
longer needed for haulage or ventilation. The factors to be considered will be around 
conditions in the panel areas, the waste throughput rates at the time, the emplacement 
efficiencies being accomplished, and the efficacy of the panel closure systems. The DOE 
will only decide to use these areas for waste if it is assured that such waste emplacement 
can be done safely and in a manner that meets both short-term operational regulatory 
requirements and long-term performance goals. Such a decision will be made in 
consultation with the NMED. While the DOE can specify neither the exact time these will 
be used nor can the DOE specify the volumes of waste that will be placed in these areas, 
the discussion in the application are bounding. Furthermore, the panel closure design 
is flexible enough to accommodate any range of rock conditions that could be reasonably 
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anticipated in these areas due to the long period of time over which they will be open. 
These areas are not anticipated to be needed for disposal of waste during the term of the 
initial permit. 

These areas will not be used for RH TRU waste. 

***** 

2. Chapter I, 1-1 Closure Requirements, Section 1-1 a, Closure Performance Standard, 
Page 1-2, Lines 19-22. 

The text indicates that the partial closure system is designed to prevent migration of 
hazardous constituents above health-based levels at the facility boundary. However, 
Section l-1e(1), page 1-7, lines 13-21, and the supporting documentation in Appendix 11 
(Conceptual Design for Panel Closure Systems, Section 4.2) state that annual average 
health-based levels will not be exceeded at the facility boundary (with a safety factor of 
two orders of magnitude), even if gas flow from all of the waste disposal panels and 
access drifts (10 "panel equivalents") is completely unrestricted. In addition, Section l-1a 
does not mention the apparently much more important function of the panel seals in 
containing potential methane fires and explosions. (See Appendix 11, Section 4.3.) 
Revise this section of the permit application to provide a discussion of the partial closure 
system which is consistent with the actual design assumptions and functional criteria for 
the panel seals. 

RESPONSE 

The DOE has revised the text to add a reference regarding the role of a panel closure 
in controlling a flammable gas deflagration. It should be noted, however, that the 
comment regarding the inconsistency between Section !-1 a and Appendix 11 is in error. 
The panel closures allow VOCs to migrate into the mine ventilation stream at the same 
rate that the driving pressure, due to creep closure and gas generation, is created. This 
is, in effect, an unrestricted flow of VOCs. In the closed panel, the VOC concentrations 
in the panel are determined by the average concentrations in the containers. In other 
words, voes in the panel are assumed at the highest possible concentration without any 
restriction to flow from the containers or the filters. Likewise, no credit is taken for 
decreases in the concentrations with time. Because the rates of pressurization are 
relatively small, the mass of voes emitted with time is small, thereby leading to the 
statement that migration above health based standards will not occur. On the other 
hand, an open ventilated panel allows large quantities of VOC to be removed from the 
panel with time. These quantities, which are limited by the diffusion rate through the 
HEPA-grade drum filters, are discussed in Chapter D in the air dispersion modeling in 
Section D-9d(3) and in Appendix 012. The flow rate is a function of the concentration 
gradient between the drum head space and the panel atmosphere. In a ventilated panel, 
this gradient is maximized, thereby maximizing emissions from the containers. 

No change is required to the text regarding the unrestricted flow of VOCs. 

***** 
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3. Chapter I, 1-1 Closure Requirements, Section 1-1 b, Closure Requirements, Page 1-3, 
Line 24. 

This section does not include the main access drifts (W-170, W-30, E-140 and E-300; 
and cross-drifts) in the discussion of partial closure. These drifts are assumed to be filled 
with waste and isolated with typical panel-type seals, but these seals are not mentioned 
in the Closure Plan. Revise the permit application to provide discussion of the timing of 
main access drift seal construction in relation to final closure of the facility. 

RESPONSE 

The text has been changed here and elsewhere to indicate that the disposal area access 
drifts are to be used for waste disposal and that they are part of the closure plan. They 
are referred to as Panels 9 and 10 for convenience in the application. As stated in the 
response to Specific Comment 1, the DOE is not ready to commit to the sequence in 
which these panels will be used since the use of any mined excavation will be made at 
the time it is needed, based on a number of factors. Also as stated previously, the panel 
closure system is flexible enough to accommodate the anticipated ground conditions in 
these panels at time of closure. If it is determined they cannot be properly closed, then 
the DOE will elect not to use them. 

***** 

4. Chapter I, 1-1 Closure Requirements, Section 1-1 b, Closure Requirements, Page 1-3, 
Lines 26-28. 

The regulations governing closure do not require NMED approval at the time of final or 
partial closure of a permitted facility, unless significant changes are proposed. If changes 
are proposed, a permit modification request must be submitted in accordance with 20 
NMAC 4.1, Subpart V, §264.112(c). If the (partial) closure is to be performed according 
to the Closure Plan in the facility permit, only notification is necessary, pursuant to 20 
NMAC 4.1, Subpart V, §264.112(d). Revise this section of the permit application to 
correct the statement regarding approvals. 

RESPONSE 

The indicated change has been made. 

***** 

5. Chapter I, 1-1 Closure Requirements, Section 1-1 b, Closure Requirements, Page 1-3, 
Line 28. 

The text states that the WHB will be closed concurrently with final closure. This 
statement is not in agreement with the Final Closure Schedule in Figure 1-1, page 1-19. 
Closure of the WHB as a HWMU should be completed when decontamination is 
complete, 16 months after notification to NMED. Final closure activities will begin after 
WHB closure is complete, and continue for more than 6 years after this point. Revise this 
section of the permit application to clarify the sequence of closure activities. 
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RESPONSE 

The text in Chapter I has been revised to clarify that final facility closure includes closure 
of the container management units on the surface. This occurs during the first 32 months 
of final facility closure. A milestone has been added to the provide certification of closure 
of these units to the NMED. 

***** 

6. Chapter I, 1-1 Closure Requirements, Section 1-1 c, Maximum Waste Inventory, Page 
1-4, Lines 17-18. 

Discussion of the maximum extent of operations is unclear. Revise the permit application 
to explain in detail what " ... portions of the access drifts" outside of the panels will be used 
for disposal of wastes. Include in this revision the planned placement of RH waste 
canisters (if any) in these access drifts, and specify the locations of seals for the access 
drifts. 

RESPONSE 

The text has been revised to clarify the extent of operations and to indicate that no RH 
waste will be placed in Panels 9 and 10. 

***** 

7. Chapter I, 1-1 Closure Requirements, Section 1-1c, Maximum Waste Inventory, Page 
1-4, Lines 17-18. 

The maximum volumes of CH and RH wastes are not mentioned in this section. Page 
B-11, lines 4-S, states that up to 23,000 cubic feet of RH waste may be placed in panels. 
Page 1-4, lines 14-1S, states panel capacity as 81,000 drum equivalents, which equals 
S94,793 cubic feet, assuming 7.34 cubic feet per drum (apparently including RH waste). 
This volume is not equal to the panel CH capacity of 612,79S cubic feet as stated on 
page B-10, line 40. Appendix 11, page 4-18 states the volume to be placed in each panel 
as 600,000 cubic feet (RH is not mentioned). Revise the permit application to provide 
estimates of the total volumes of both RH and CH wastes to be placed in each panel and 
other disposal units (access drifts). Include explanation of the assumptions on which the 
estimates are based. 

RESPONSE 

The actual volume that will be placed in any disposal area cannot be stated since the 
volume will depend on a number of factors including the mix of standard waste boxes 
(SWBs) and 7-packs of drums, the efficiency with which containers can be placed in the 
disposal rooms, and waste throughput rates, particularly with regard to RH waste. 
However, several assumptions have been made regarding waste volumes for design 
purposes. The following has been added to Chapter I to clarify these assumptions: 
"Maximum waste volumes in the disposal panels are calculated as follows: for 100 
percent SS-gallon drums-11,S02 7-packs consisting of 80,S14 drums and S91,800 cubic 
feet of waste; for 100 percent standard waste boxes-11,S80 SWBs and 7S0,960 cubic 
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feet of waste; for RH-730 canisters containing 22,940 cubic feet of waste. Since the 
waste can arrive in any combination of 7-packs and SWBs, a fixed volume is not set for 
each panel. For planning purposes, a mix of 60 percent drums and 40 percent SWBs 
is used. This equates to 615,400 cubic feet of CH TRU and 22,900 cubic feet of RH TRU 
per panel. A number of 81,000 containers is used in design calculations since for air 
dispersion modeling it is important to maximize the number of container vents through 
which VOCs may be released. In reality, using the 40 percent-60 percent mix, there 
would be only 51,000 containers in a panel, containing 56,000 vents (2 vents per SWB). 
The areas designated as Panels 9 and 10 in Figure 1-1 will not be used for RH waste." 

In addition, appropriate changes have been made to Chapter Band Chapter D. 

***** 

8. Chapter I, 1-1 Closure Requirements, Section 1-1d, Schedule for Closure, Page 1-4, 
Lines 36-38. 

The text states that up to 10 years may be needed for decontamination and final closure. 
However, the final closure schedule in Figure 1-1, page 1-19, provides for a maximum 
closure period of only 92 months after notification to NMED. Revise the text of the permit 
application or Figure 1-1 to provide consistent time frames. · 

RESPONSE 

The text in the application has been revised to indicate that the estimated range for final 
facility closure is between 7 to 10 years and that 92 months represents the best estimate 
at this time of the final facility closure schedule. This approach is necessitated by the 
concern for safely dealing with radioactive contamination. Identification and cleanup of 
such contamination is controlled by 1 O CFR 835, Occupational Radiation Protection, and 
require careful planning to control the spread of contamination. In addition, 
decontamination activities are required to use the latest technologies and equipment. 

***** 

9. Chapter I, 1-1 Closure Requirements, Section 1-1 d, Schedule for Closure, Page 1-5, 
Line 22. 
The schedules referenced in this line are incomplete; no schedule is provided which 
explicitly lists each hazardous waste management unit. Various interpretations of the 
timing of closure activities are possible, given the vagueness of the information in the 
current schedules. Revise the permit application to provide an expanded overall closure 
schedule which shows the expected timing of closure for each and every panel, access 
drift disposal unit(s), the WHB unit, and construction of the shaft seals. 

RESPONSE 

Table 1-1 has been provided as an estimate of the initiation and completion of the panel 
closures. Figure 1-3 is now provided for contingency closure, and it addresses the 
schedule for closure of the surface HWMUs and the associated waste handling 
equipment and areas such as the shaft and the haulage ways. Figure 1-4 is the final 
facility closure and includes schedules for closure of the surface HWMUs. 
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10. Chapter I, 1-1 Closure Requirements, Section 1-1 d, Schedule for Closure, Page 1-5, 
Line 25. 
The preceding final closure schedule discussion in the text, and the time lines in Figure 
1-1 are not consistent with the statement in this line, regarding "partial" closure of the last 
disposal panel. The (''clean") closure of the WHB will be completed before closure of the 
last subsurface unit is started. Therefore, the WHB closure will be the last "partial 
closure" at the facility, in accordance with the definition in 20 NMAC 4.1, Subpart I, 
§260.10. Revise the statement on page 1-5, line 25 of the permit application to reflect 
this closure sequence. 

Also revise the statement on page 1-5, line 25 to state that the closure of the last 
subsurface unit (which is apparently an access drift, not a panel) and final closure of the 
facility will begin with the start of construction of the unit seal(s), but will not be complete 
until the shaft seals are finished. Revise Figure 1-1 to reflect this corrected terminology 
(delete or replace "Partial" and "Panel" in the phrase "Partial Closure of Final HWMU 
Panel"). 

RESPONSE 

The term "partial" has been deleted and the text has been otherwise clarified to indicate 
the sequence of activities is surface decontamination, shaft decontamination, haulage 
way decontamination, placement of final derived waste into the last open underground 
HWMU, and closure of that HWMU. Sealing of the shafts follows. 

***** 

11. Chapter I, 1-1 Closure Requirements, Section 1-1 d(1 ), Extension for Closure Time, 
Page 1-5, Lines 28-33. 

Discussion of the time needed for closure activities is incomplete and confused. 
Requests are not provided for extension of the 90-day limit for final disposal of wastes 
as required in 20 NMAC 4.1, Subpart V, §264.113(a), or for extension of the 180-day limit 
for completion of closure activities [20 NMAC 4.1, Subpart V, §264.113(b)]. The text 
promises to apply for an extension beyond the 180-day limit in the future, if needed. 
However, the schedule in Figure 1-2 indicates that extensions beyond the 180-day limit 
(a total of 7 months or 210 days) will be needed for every panel closure. The schedule 
in Figure 1-1 indicates that closure of the WHB unit will not begin for 8 months, and will 
not be complete until 16 months, after receipt of the final volume of waste. Final closure 
(of the last subsurface unit and the facility) will not begin until 16 months after the final 
volume of waste is received. Revise the text of the permit application to request 
extensions beyond both the 90- and 180-day time limits. 

RESPONSE 

The text has been modified to request extensions of the 90 and 180 day limits as 
suggested for contingency closure and final facility closure. The panel closure schedule 
shows that the time between the initiation of closure activities and the filing of the 
certification is only 5 months. Subsequent activities are related to demobilizing 
equipment and site cleanup. This is the current estimate of time to close and 
demonstrates the DOE's intent to close within 180 days. However, each closure will be 
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evaluated based on the particular rock conditions and the particular levels of 
contamination encountered. For severe cases where extensive removal of rock is 
needed or extensive decontamination is required, the time could exceed 180 days. If that 
is the case, a request will be made at the time a longer period is recognized. 
Furthermore, specific justification for the longer time period can be given at that time. 

***** 

12. Chapter I, 1-1 Closure Requirements, Section 1-1 d(1 ), Extension for Closure Time, 
Page 1-5, Lines 28-33. 

Requests for extension of time limits for final disposal of wastes and completion of final 
closure activities must provide demonstrations that the activities will, of necessity, take 
longer than 90 and 180 days to complete, and that all steps necessary to prevent threats 
to human health and the environment will be taken. The application provides general 
descriptions of decontamination and decommissioning requirements for DOE facilities, 
in Sections l-1d and 1-1e(2), but the descriptions are broad, and do not include time 
requirements for D&D or panel closure activities. Revise the permit application to provide 
detailed descriptions of DOE orders or other requirements, including time needed to 
comply with each of those requirements, to support closure time extension requests. 

RESPONSE 

While additional detail has been provided where necessary, the NMED should familiarize 
itself with applicable DOE Orders regarding radiation contamination control and 
decontamination activities. These will provide an understanding of the drivers for 
decommissioning. Attached for reference is the DOE's "Conceptual Decontamination and 
Decommissioning Plan for the Waste Isolation Pilot Plant" dated January 1995. While 
this plan references the permit application and the RCRA permitting process, its contents 
will have to be revised once a hazardous waste permit is issued to assure agreement in 
closure requirement language and schedules. This document presents a general 
overview of the D&D process and lists numerous references that provide detailed 
information. 

***** 

13. Chapter I, 1-1 Closure Requirements, Section l-1d(1), Extension for Closure Time, 
Page 1-5, Lines 28-33. 

A. This section of the Closure Plan does not provide references to, or discussion of, 
steps to prevent threats to human health and the environment during the 
proposed closure time extensions, as required by 20 NMAC 4.1, Subpart V, 
§264.113(a)(2) and (b)(2). According to Appendix 11, Section 4.3, methane fires 
or explosions are not expected to be a major concern during the time period 
before each panel seal is completed. However, the microbial gas (methane) 
generation assumptions in Appendix 11 are based on theoretical conclusions in 
a memorandum and a position paper [Brush (1993 and 1994)] which are not 
included in the application. The Closure Plan and Appendix 11 provide no gas 
generation data from testing or observation of wastes. In addition, neither 
Chapter F (Procedures to Prevent Hazards), the Closure Plan, nor Appendix 11, 
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provide any description of measures to detect and mitigate flammable or 
explosive gas concentrations. Revise the permit application to provide detailed 
summaries of or references to actual TRU-mixed waste gas generation data 
(including test or observation conditions) if available, and proposed explosive gas 
monitoring and response plans for each waste-filled panel both before and after 
installation of the panel seals. 

RESPONSE 

A. The text has been revised to reference the measures in Chapter F as the 
applicable measures for protecting human health and the environment during the 
time extensions. In addition, Chapter F, Section F-4g has been revised to provide 
details of the flammable gas protection program, including reference to the 
procedures in the WIPP Industrial Hygiene Program. 

With regard to the gas generation rates, it is true that the conclusions reached in 
the gas generation paper are theoretical since the purpose of gas generation 
studies is to develop predictive models for long-term performance. However, the 
data collected are directly applicable to the short-term of the WIPP operations and 
post-closure period during which time, based on the observations of the Brine 
Sampling and Evaluation Program, there will be very little moisture entering the 
closed room and the amount of oxygen available is reasonably high. These 
conditions set the stage for oxic microbial degradation of organic matter. 
According to the tests run by Sandia and reported in Appendix 011, these 
conditions produce carbon dioxide and water. It is not until the room becomes 
anoxic and significant hydrogen production begins to occur that methane becomes 
the principle product of microbial degradation. 

According to calculations now being performed by Sandia for the No-Migration 
Variance Petition (NMVP), the sealed disposal panels are expected to receive 
brine at a rate of 0.2 cubic meters per year (the maximum "expected value" of 
brine modeled is 20,000 cubic meters for the entire disposal region in 10,000 
years. This equates to 2 cubic meters per year distributed across the 10 panels). 
This value is a function of a number of conditions that are either measured or 
estimated for the repository. The value is calculated in the BRAGFLO code used 
by Sandia for the long-term modeling to support the NMVP. 

The significance of the low brine inflow is that significant hydrogen producing 
reactions are not likely until sufficient brine is available to inundate the metals in 
the repository. Furthermore, oxic conditions will exist until the repository is sealed 
and all remaining oxygen is consumed through microbial action and corrosion. 
This leads to the observation that while gas generation occurs during the post
closure period, it will be dominated by carbon dioxide and not methane. The 
assumption of methane generation under oxic conditions at rates that have only 
been observed under anoxic conditions is a conservative measure and is 
sufficient to bound possible gas generation effects. Appendix 011 contains the 
summary of the gas generation testing and the interpretations of the data 
provided by Sandia. Table 3 in this appendix·assigns the same gas generation 
rates to both oxic and anoxic conditions (Equations 12 to 16b in the appendix). 
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The value chosen, 0.1 moles per drum per year is the expected value for 
generation as determined by the Sandia scientific staff. This is less than the 
maximum value because the maximum values were derived from tests that did 
not reasonably represent the conditions in the WIPP (e.g., tests included 
inoculated and fertilized samples). 

As can be seen by the design of the panel closure system in Appendix 11, the 
potential effects of a methane explosion are mitigated by three factors. The first 
factor is time based on a microbial gas generation rate of 0.1 mole/drum/year, it 
will take over 20 years for enough methane to be generated to reach flammable 
concentrations. The second factor is an explosion component in the closure 
system that is intended to mitigate any deleterious effects of an explosion. The 
third factor is ventilation which will be maintained in the repository u·ntil final facility 
closure so that any methane leaking past the panel closures will be diluted and 
swept away by the mine ventilation system. 

The above discussions have been added to the text of Chapter I. 

***** 

B. Conditions most favorable to accumulation of large volumes of flammable or 
explosive gas mixtures will occur at the end of the operational life of the facility, 
when gas seepage from all eight panels will be combined with "new" gases 
generated in the unventilated main access drift disposal zone(s). This disposal 
zone will be left open for a much longer time period than any of the panels (for 
16 months after final receipt of wastes from off-site, according to Figure 1-1) 
before final seal construction is started. According to Appendix 11 (Figures 4-3, 
4-6 and 4-7, and relevant text on pages 4-12 and 4-13), at the time construction 
of the last "panel-type" seal is started, explosive (or perhaps much higher) 
concentrations of methane are expected to be emitted from the first waste-filled 
panels, at rates approaching unrestricted flow rates. This may lead to threats to 
human health outside the panels, which must be adequately addressed, as 
specified in the following paragraph. 

Based on information presented in the permit application, after 25 years of 
operation, Panels 1, 2 and 3 are expected to be emitting a combined total of 
roughly 1 cubic meter of methane per day (mixed with many other gases and 
vapors) through the panel seals and/or surrounding DRZ. An approximately equal 
volume of methane will be emitted from the 5 more recently filled panels. During 
the last few months of active operation, and the following 16 months while the 
facility will be undergoing decontamination prior to construction of the last access 
drift seals, these gases will be combined with another 700 liters of methane 
generated daily from the wastes (two "panel equivalents") in the main access 
drifts, assuming gas generation rates presented in the permit application. 
Assuming homogeneous mixing of all methane emissions at 5% concentration, 
this could result in a total volume of about 54 cubic meters of explosive gas per 
day. Revise the permit application to specifically address provisions for 
monitoring and managing potential explosive gas hazards during final closure of 
the facility. Include information adequate to demonstrate compliance with the 
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requirements of 20 NMAC 4.1, Subpart V §264.15, 264.17 and 264.601(c) and 
Subpart IX §270.14(b}(9} and §270.23(a}(2}. 

RESPONSE 

B. As stated above, the ventilation system will be operated at all times workers are 
underground. It is therefore inconceivable that gases generated from waste will 
ever present a hazard to human health or the environment. Furthermore, air 
testing is performed regularly in accordance with the WIPP Industrial Hygiene 
Plan. The following text has been added to Section F-4g to describe this 
program: 

"The WIPP Industrial Safety Program routinely monitors air quality to assure that 
the air is safe to breathe, to assure it is safe for equipment operation, to 
determine what specific concentrations of compounds exist in the air, and to 
demonstrate compliance to applicable regulations. Portable air monitoring 
equipment is used to assure access to all areas where air quality may be of 
concern. Two types of measuring systems are used at the WIPP: Draeger Pump 
systems and Portable Air Monitoring Instruments. Prior to use all instruments 
must have certification of current calibration and check gases must also be 
certified as accurate within one percent of the label concentration. Instruments 
are used within the guidelines established by the manufacturers and are 
accompanied with suitable temperature, barometric, and relative humidity 
measurements (as required). Functional testing of instruments must be done 
before each use and the results must fall within the ranges specified in air 
monitoring procedures. Gases that are to be tested include oxygen, methane, 
carbon monoxide, hydrogen sulfide, sulphur dioxide, nitrogen dioxide, and 
chlorine. Alarm levels are set for each gas as follows: 0 2: 19.5% LOW; 23.0% 
HIGH; CH4: 0.25%; CO: 25 ppm; H2S: 10 ppm; S02: 2 ppm; N02: 1 ppm; Cl2: 0.5 
ppm. When alarm levels are reached, administrative action is taken to return the 
atmosphere to a safe condition. Equipment operation is by trained personnel 
only, or under the supervision of trained personnel. Air Quality sampling is 
performed as often as needed to assure safe working conditions. If conditions are 
worsening, or action has been taken to mitigate high levels of contamination, the 
frequency of measurement is increased. Underground air quality is checked at 
least daily, at the beginning of the day, when personnel are underground." 

***** 

14. Chapter I, 1-1 Closure Requirements, Section 1-1 e(1 ), Panel Closure, Page 1-7, Lines 
15-17. 

The text references average hazardous waste constituent concentrations in waste 
container headspace gas, in Appendix 11 (Table 4-3). These concentrations are not the 
same as the weighted average headspace concentrations in Table C2-1 (page C2-2 of 
the application). Table 4-3 concentrations are consistently higherthan those in Table C2-
1 (after conversion to similar units}. Table 4-3 also includes carbon disulfide, which is 
not in Table C2-1. Revise the permit application to provide an explanation of how the two 
tables are related, or rectify inappropriate differences and recalculate values, as 
appropriate. 
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RESPONSE 

The response to this comment was provided with general comment 6. It should be noted, 
however, that the values in Appendix 11 are slightly higher than those in Chapter C. This 
is because the number of drums analyzed has increased since the preparation of the 
specification for the closure design. Specifically, the weighted average values in the 
closure design report are based on analysis of 500 drums. The values in Chapter D, 
Table D-3, are based on 930 drums. Since none of the values have changed significantly 
(i.e., more than an order of magnitude) and the compliance margins are high (i.e., 6 to 
8 orders of magnitude) as shown in Table D-3, the values used for design purposes are 
considered by the DOE to be adequate. 

***** 

15. Chapter I, 1-1 Closure Requirements, Section 1-1e(1), Panel Closure, Page 1-7, Lines 
6-9. 
The text references Appendix 11 for the panel closure system design details and states 
that the design accounts for (among other things) structural load-bearing capacity. 
However, the brief discussions of structural concerns in Appendix 11 are focused on panel 
entry seats and creep closure rates. Neither the text in this section nor Appendix 11 
discuss the predicted stability of waste disposal rooms. The structural stability of disposal 
rooms and drifts is a very important factor in determining necessary maintenance, 
monitoring and closure activities, especially the time period during which the roof or back 
can be confidently predicted to be stable, and not collapse on the emplaced wastes. 
Roof collapse or toss of structural integrity are included as possible reasons to implement 
the facility Contingency Plan (pages G-19 and G-20), abandon and initiate closure of a 
partially-filled active disposal panel. However, adequate discussion of roof stability is not 
provided in the Closure Plan or elsewhere in the application. Revise the permit 
application to provide detailed discussion of the structuml stability of disposal rooms and 
drifts, including WIPP testing and monitoring data, roof bolting, the effects of heat 
generation in RH containers, and any other factors which affect stability, to support the 
best estimate of the minimum time period that the back is expected to remain stable after 
termination of maintenance, i.e., after waste emplacement is initiated in a panel. 

RESPONSE 

The topics requested in this comment are also requested in a number of comments on 
Chapter D. (See Specific Comments D-9 to D-13). The responses are provided, along 
with revised text in Chapter D. The new Appendix 11 provides greater detail regarding 
the design and construction of the panel closure system. 

***** 

16. Chapter I, 1-1 Closure Requirements, Section 1-1 e(1 ), Panel Closure, Page 1-7, Lines 
22-25. 
The text states that the panel closure design is necessary to meet 20 NMAC 4.1, Subpart 
VIII, §268.6 requirements. This statement immediately follows, and contradicts, an 
accurate summary of the conclusions from Appendix 11, i.e., that no restrictions of vapor 
emissions are needed to meet the requirements of §268.6. In addition, the text fails to 
mention the necessary function of the panel seals in containing potential methane fires 
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and explosions, as detailed in Appendix 11, Section 4.3. Revise the permit application 
to reflect the actual design assumptions and functional criteria for the panel seals. 

RESPONSE 

The text has been extensively rewritten in this section to describe the final design of the 
panel closure and the basis for its specification. The reference to the 40 CFR 268 
standards have been eliminated. 

***** 

17. Chapter I, 1-1 Closure Requirements, Section 1-1 e(1 ), Panel Closure, Page 1-7, Lines 
26-27. 

Panel seal design information presented in Appendix 11 is only "conceptual," and does 
not provide the number, locations, dimensions or materials and methods of construction 
of the panel and drift seals. Final designs may be quite different from the alternatives 
and indefinite details described (in Sections 5.2-5.5 of Appendix 11), but the application 
provides no commitment to submit final design information. Four sets of panel seals (to 
close eight entry drifts) are expected to be constructed during the anticipated 10-year 
term of the initial hazardous waste facility permit. Revise the permit application to 
provide detailed design drawings and an engineering report describing how the panel 
seals will be constructed, as required by 20 NMAC 4.1, Subpart V §264.112(b)(1) and 
Subpart IX §270.23(a)(2). 

RESPONSE 

The information in the panel closure section has been rewritten to include the final 
design. Appendix 11 has been replaced with the final design report. Specific designs that 
are likely to be used for each panel closure are designated. 

***** 

18. Chapter I, 1-1 Closure Requirements, Section 1-1 e(2), Decontamination and 
Decommissioning, Pages 1-7 through 1-12. 

The descriptions of activities to be performed during final closure are very general. Time 
frames and a sequential schedule are not provided for the activities described. The Final 
Closure Schedule in Figure 1-1 is not referenced in this section, and the activities 
discussed do not correlate with the items listed in the Schedule. References to specific 
DOE Orders or other D&D requirements are not provided. Revise this section of the 
permit application to provide detailed descriptions of the steps needed to remove or 
decontaminate all hazardous waste residues and contaminated containment system 
components. Specifically discuss the expected use of the "Co-Detection" principle during 
final closure. Explain why the contamination surveys of the facility (including sample 
analyses) are expected to take 22 months to perform (according to Figure 1-1 ). Include 
a listing and discussion of DOE Orders and other requirements to demonstrate why final 
closure activities will, of necessity, take more than 180 days to complete. 
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RESPONSE 

The application has been revised to make the discussion of closure activities correlate 
to the steps in the schedules. In addition, a chronological schedule has been included 
as Table 1-2. The DOE has also referenced existing procedures and manuals that 
provide guidance for sampling activities which are key to determining the success of 
decontamination activities. Reference to the D&D Plan, which is included as an 
attachment to these comments, provides background on the applicable DOE Orders. 

***** 

19. Chapter I, 1-1 Closure Requirements, Section 1-1 e(2), Decontamination and 
Decommissioning, Page 1-12, Lines 1-20. 

A. The text of Section l-1e(2) and the referenced conceptual design in Appendix 12 
do not provide detailed descriptions of the functional criteria, design details, or the 
materials and methods of construction of the proposed repository seals. In 
addition, Appendix 12 does not include several aspects of the final closure 
program which are shown in Appendix 11, page 3-2, Figure 3-1. Figure 3-1 shows 
Repository Boundary Seals, special tunnel backfill, and Tunnel Bulkheads. These 
components are barely mentioned in the text of Appendix 11, and are not included 
at all in Appendix 12. Data from laboratory and intermediate-scale tests of seal 
material properties are apparently available (Appendix 12, page 32, lines 2-3), but 
are not provided or summarized. The Appendices are theoretical discussions 
which do not provide definite plans for closure. 

RESPONSE 

A. Appendix 12 has been replaced with the DOE's reference design for shaft seals 
prepared in October 1995. This represents the basic design that the DOE intends 
to implement. The DOE has reserved the right to specify alternative materials at 
the time of emplacement in order to take advantage of any recent advances in 
materials design or manufacturing. Data that support the reference seal design 
are summarized in the report to the extent they are used in design. Reference 
to actual data reports are included in the references to the main report and the 
Appendices. The references to historical information in Appendix 11 are not 
relevant to the final seal design and indicate that the NMED did not understand 
the purpose of the historical information in Appendix 11. This information has 
been deleted in the final panel closure design that is included as Appendix 11. 

***** 

B. 20 NMAC 4.1, Subpart V, §264.112 requires the closure plan to identify the steps 
necessary to perform partial and/or final closure of the facility at any point during 
its active life. The plan must contain a detailed description of the activities 
necessary during closure to ensure that all partial closures and final closure 
satisfy the closure performance standards. Revise the permit application to 
provide definite, detailed design drawings and specifications for closure. If 
definite, detailed design drawings are not available at this time, provide 
justification for their absence and a schedule of delivery for the final design. 
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RESPONSE 

B. Appendix 11 contains detailed design drawings for the panel closures. Appendix 
12 contains drawings of the reference design for shaft seals. Final drawings are 
expected to be available after the numerical modeling of the long-term 
performance of the seal system is completed. This modeling is part of the 
performance assessment that the DOE is performing for the EPA under 40 CFR 
Part 191 and 40 CFR §268.6 and must show compliance for 10,000 years. The 
components of interest to this modeling are the crushed salt component of the 
seal. This component has no specific near-term functions in the sealing system. 
Those components that are near-term in nature are the concrete, clay, and 
asphalt components. Their configurations are not likely to change as the result 
of the long-term calculations. The results of the calculations of long-term 
performance are due to be issued by Sandia in October 1996. Shaft designs will 
be finalized shortly after that time. 

***** 

20. Chapter I, 1-1 Closure Requirements, Section 1-1e(4), Closure of Disposal Units, 
Page 1-15, Lines 9-12. 

The text states that a post-closure plan will be submitted, but does not propose a 
submittal date. The regulation cited in the text and 20 NMAC 4.1, Subpart IX 
§270.14(b)(13), requires the post-closure plan to be submitted as part of the permit 
application for the facility. Revise the permit application to provide the post-closure plan. 

RESPONSE 

The text has been revised to indicate that the post-closur-3 plan is included in Section 1-2. 

* * * * * 

21. Chapter I, 1-2 Post-Closure Plan/Contingent Post-Closure, Page 1-15 and 1-16. 

The discussion of post-closure activities includes several potential monitoring programs 
which are under evaluation for possible implementation after final closure of the facility, 
and mentions an "Access Controls" document, which is not included in the permit 
application. Post-closure requirements for closed panels or panel seals are not 
mentioned. Revise the permit application to provide the post-closure plan, including 
details of proposed monitoring, maintenance and other activities for closed waste disposal 
panels, as well as the entire facility after final closure, as required by 20 NMAC 4.1, 
Subpart V, §264.118, and Subpart IX §270.14(b)(13). Post-closure requirements for 
closed panels could be included in Chapter D or F, if preferred, with references in 
Chapter I. 

RESPONSE 

The text has been revised to provide the post-closure plan for final facility closure and 
for panel closure. No separate plan is needed for contingency closure other than these 
two. The text now points out that no monitoring of the closed panels is needed, although 
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general monitoring of the mine atmosphere will be conducted and if high levels are 
detected, their source will be investigated. In addition, normal ground inspection and 
maintenance of the areas around the panel closures will be performed. 

***** 

22. Chapter I, 1-3 Notices Required For Disposal Facilities, Section 1-3b, Survey Plat, 
Page 1-16, Line 23. 

In accordance with 20 NMAC 4.1, Subpart V, §264.116, the survey plat must be 
submitted to the local zoning or land use authority (expected to be the County 
government), in addition to the Secretary of NMED. Revise Section l-3b of the permit 
application to include this requirement. 

RESPONSE 

The text has been revised to indicate that the plat will also be filed with Eddy County, 
New Mexico. 

***** 

23. Chapter I, 1-3 Notices Required For Disposal Facilities, Section 1-3d, Post-Closure 
Notices, Page 1-16, Lines 44-47. 

The text claims an exemption from the deed notation requirement in 20 NMAC 4.1, 
Subpart V, §264.119. The regulation does not provide for an exemption from this 
requirement, regardless of the ownership status of a facility. Revise the permit 
application to provide a commitment to submit the deed notation, or provide a 
demonstration that the information cannot be provided to support a request for a variance 
per 20 NMAC 4.1, Subpart IX, §270.14(a). 

RESPONSE 

The text has been revised to remove the exemption statement. In addition, a cross 
reference to Section l-2a(3) is included listing other places where the DOE intends to 
archive information regarding the WIPP. 

***** 
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APPENDIX 11 

1. Chapter I, Appendix 11 Conceptual Design For Operational Phase Closure Systems, 
Section 3.1.2.4, Recently Revised Panel Seal Conceptual Designs, Page 3-17. 

The text states that " ... confidence for sealing during the operational period can be 
bolstered by remedial maintenance, ventilation, and monitoring measures at the access 
drift adjacent to the near-end bulkhead." However, there is no further mention of such 
measures in either Appendix 11 or the text of the Closure Plan (Chapter I in the permit 
application). The above monitoring and maintenance provisions are precisely the type 
of plans which must be included in the Post-Closure Plan for the disposal panel units. 
They must also be included (or referenced) in the Procedures to Prevent Hazards 
(Chapter F of the application) unless a demonstration that no hazards will develop is 
provided. Revise the permit application to provide detailed plans for remedial 
maintenance, ventilation and monitoring measures at the access drift adjacent to the 
near-end bulkhead of panel seals. 

RESPONSE 

The design in Appendix 11 incorporates passive components that require no future 
maintenance. Maintenance activities outside the closed panel will be performed, as 
required, as the result of routine ground inspections. This detail in included in Section 
l-2b. 

***** 

2. Chapter I, Appendix 11 Conceptual Design For Operational Phase Closure Systems, 
Section 4.1.1, Gas Generation, Pages 4-2 to 4-5. 

The Appendix cites three documents by L.H. Brush to support assumed gas generation 
rates. The documents are not provided, quoted or summarized in any detail. Relevant 
and detailed information is available to DOE from historical research at the WIPP, and 
recent and ongoing studies of waste behavior, but that information is not provided to 
support these gas generation assumptions. On the basis of the information provided in 
Appendix 11, it is not possible to determine whether the "best estimates" in Table 4-1 are 
based on extensive and highly reliable data, or if they are mainly theoretical, with little 
or no empirical support. For example, the estimate of hydrogen production (zero) is 
based on the assumption that no significant quantities of brine will accumulate in disposal 
panels, but the data from brine inflow studies is not provided or even referenced. This 
assertion is based only on the observation that brine weeps cease to form after a few 
years (page 4-3), without discussion of measured inflow rates or the differences between 
previous brine inflow observation stations and future disposal panels. Existing excavated 
areas have been open for up to 10 years or more, subject to high ventilation (and 
resulting evaporation) rates for that time period. Future disposal panels will be only 
partially ventilated, at relatively low rates, for only two or three years after excavation 
before seals are installed. Therefore, brine accumulation in disposal panels, or at least 
temporary development of 100% relative humidity, appears to be possible. Revise the 
permit application to provide detailed information, including summaries of and references 
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to all DOE research on brine inflow, hydrogen, methane, and other gas generation, to 
support the gas generation rates used in evaluating the closure system design. 

RESPONSE 

The Brush memo referenced in the comment and the design report is included as 
Appendix 011. Chapter I now contains a discussion of the performance factors such as 
brine inflow, gas generation, and creep closure. 

***** 

3. Chapter I, Appendix 11 Conceptual Design For Operational Phase Closure Systems, 
Section 4.2, Model for Unrestricted Flow of VOCs, Pages 4-6 to 4-7. 

The text states that gas generation is assumed to be 0.1 moles per year per drum. 
However, the annual gas production per panel is stated on page 4-7, page 6-2, and 
elsewhere as 8,200 moles per year. Since 81,000 drum equivalents are assumed to be 
in each panel, this implies a per drum generation rate of 0.101235 moles per year. 
Revise the permit application to explain the discrepancy between the stated per drum and 
total panel gas generation rates. 

RESPONSE 

As pointed out in response to Specific Comment 7 in Chapter I, the number of drums 
assumed for calculation purposes is conservative, since the precise number depends on 
the mix of SWBs and drums, and is likely to be significantly less than 81,000. At the time 
the closure design was initiated, it was believed over 81,000 containers could be put in 
a panel. The analyst for the panel closure system design chose to be further 
conservative by rounding the number up to 82,000 and then using 8200 moles of gas per 
panel per year. Since this is conservative, it is an acceptable number. 

***** 

4. Chapter I, Appendix 11 Conceptual Design For Operational Phase Closure Systems, 
Section 4.4, Restricting Flow of Gases Out of a Panel, Pages 4-16 to 4-22. 

This section provides the theoretical requirements for limiting gas flow out of a panel, and 
assumes that the required effective low permeability is " ... achievable by treating the DRZ 
and interface zone through the design and construction of a bulkhead and grout 
curtain ... " However, the Appendix fails to explain why such restriction is necessary, 
provides no data to demonstrate that the required permeability is actually achievable, and 
suggests several possible approaches (in Section 5) for constructing the panel seals and 
performing grouting. This type of a report is not a closure plan, as required to be 
submitted as part of the permit application. Revise the permit application to provide 
consistent explanation of the required functions of the panel/ drift seals, data from testing 
of grouted DRZ to support the proposed design permeability, and a complete set of 
definite design details and construction procedures for actually installing the panel seals. 
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RESPONSE 

The revised Appendix 11 provides the references for the perfonnance of the grouts and 
concrete. These are specified to be standard industrial materials, so that the existing 
experience and data base within the industry is useable in detennining the construction 
tolerances needed to assure adequate perfonnance. 

***** 
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1.0 Site Decontamination and Decommissioning Plan 

This plan serves to describe the objectives of decommissioning for the Waste Isolation 
Pilot Plant (WIPP), identifies the elements necessary to accomplish the 
decommissioning, and defines the steps to execute those elements in a safe and 
environmentally sound manner. 

This document is not intended to delineate the requirements necessary for Resource 
Conservation and Recovery Act (RCRA) closure. Where this document interfaces with 
those requirements, there will be guidance that directs the reader to Chapt_er I of the 
RCRA Part B Permit Application. 

The Waste Isolation Pilot Plant Land Withdrawal Act of 1992 {LWA), PL 102-579, 
Section 13(a) requires that within 5 years after the date of the enactment of the act 
(enacted October 30, 1992), the Secretary of Energy (herein called the Secretary) shall 
submit to the Congress, the State of New Mexico, the Secretary of the Interior, and the 
Administrator of the EPA, a plan for the decommissioning of WIPP. In addition to 
activities required under the Agreement (July 1, 1981, Agreement for Consultation and 
Cooperation, between the State of New Mexico and the U.S. Department of Energy, as 
amended), the plan shall conform to the disposal regulations that apply to WIPP at the 
time the plan is prepared, and the Secretary of Energy shall consult with the· Secretary 
of the Interior and the State in the preparation of such plan. 

The plan provides a strategy for progressing from the final actions of the Disposal 
Phase, through the Decontamination and Decommissioning Phase, and into the 
initiation of the Long-Term Monitoring Phase. 

This plan describes a sequence of events for decontamination of the WIPP facilities 
and structures used to manage and contain TRU and TRU mixed waste during the 
receipt and emplacement operations. Alternative methods of decontamination are 
provided where practical. The methods for packaging and disposal of the waste 
generated (derived waste) during this process are discussed. The best available 
technology at the time of this plan's development, may become outmoded by future 
technology and alternative strategies . If alternative technologies are identified the 
affected stakeholder(s), the Secretary of the Interior and the State will be consulted 
prior to implementation. 

Dismantling of the WIPP major structures will be detailed in specifications separate 
from this plan for each structure. 

The disposal of uncontaminated equipment and residue is delineated in Sections 1.6.9, 
and 1.6.11. Radioactively contaminated and mixed wastes that meet the waste 
acceptance criteria for decontamination and decommissioning (DD-WAC) will be 
emplaced into the last Hazardous Waste Management Unit (HWMU) open in the 
underground. At the WIPP, HWMUs are designated as the combination of waste 
disposal rooms and connecting drifts that form a panel. Each panel is an HWMU. 
Equipment, structures, materials, and components will be decontaminated whenever 
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possible. Residues that meet the definition of "construction and demolition , p 

debris,"("' Construction and demolition debris' means materials generally considered to 
be not water soluble and nonhazardous in nature, but not limited to, steel, glass, brick, 
_concrete, asphalt roofing materials, pipe, gypsum wallboard and lumber from the 
construction or destruction of a structure project, and includes rocks, soil, tree remains, 
trees and other vegetative matter that normally results from land clearing. If 
construction and demolition debris is mixed with any other types of solid waste, it loses 
its classification as construction and demolition debris. Construction and demolition 
debris does not include asbestos or liquids including but not limited to waste paints, 
solvents, sealers, adhesives or potentially hazardous materials." SWMR-4, Section 
105, Paragraph T) that are free of contamination may be disposed in a Construction 
Landfill. Mined salt remaining after closure and berm construction will be disposed 
under Sections 2 and 3 of the Minerals Act of 1947. 

Other activities necessary to return the site to as near its original condition as possible 
are defined in Section 1.6.19. 

Generally, stakeholder involvement in the decontamination and decommissioning 
activities, as well as socioeconomic impacts to the local communities, counties, and 
state will be provided in the appropriate National Environmental Policy Act (NEPA) 
documentation for decommissioning. 

1. 1 Facility Description 

1.1.1 Background 

The U.S. Department of Energy (DOE) was authorized by the Department of Energy 
National Security and Military Applications of Nuclear Energy Authorization Act of 1980, 
Public Law 96-164 (U.S. Congress, 1980) to develop a facility for demonstrating the 
safe disposal of transuranic (TRU) radioactive wastes generated as the result of 
national defense activities. This facility, known as the Waste Isolation Pilot Plant, has 
been constructed in southeastern, New Mexico, 26 miles east of the City of Carlsbad. 
The site encompasses 10,240 acres in a sparsely populated area. Land use in the 
area surrounding the WIPP land withdrawal area includes livestock grazing, potash 
mining, and oil and gas production. 

The enactment of Public Law 96-164 authorized the continuation of the phased 
development of the WIPP. Phased development began with a siting phase during 
which several sites were evaluated and a preferred site was selected based upon the 
geological and hydrological factors. During this phase, the host rock and the depth of 
the facility were selected considering geologic, hydrologic, geochemical and rock
mechanics properties. In the next phase, the site and preliminary design validation 
phase, two shafts were constructed; an underground testing area was excavated; and 
geologic, hydrologic, and geotechnical investigations were continued to gain further 
information on the site's characteristics. Also during this phase, methods for assessing 
long-term performance were evaluated and advanced. The construction phase 
followed during which the WIPP facility was constructed, additional data about the site 
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were collected, and the tools needed for assessing performance were developed and 
refined. Surface structures were built and additional underground areas were 
excavated for further experimentation. At the conclusion of the construction phase, the 
DOE proposed to proceed into a test phase that would include testing with TRU waste. 

In October 1992 Congress transferred jurisdiction of the land from the Secretary of the 
Department of the Interior to the Secretary of the DOE and reserved the land for use by 
the DOE for the WIPP Program. The LWA also provided additional authorization to 
continue the activities initiated by Public Law 96-164. The LWA requirements focus on 
the test phase and the criteria for certification of compliance with the long-term disposal 
regulations ·developed by EPA. In late 1993 the DOE announced that the WIPP would 
not conduct radioactive tests in the WIPP underground. While testing with radioactive 
waste will not be conducted at the WIPP, many requirements such as development of 
certification criteria by the EPA, and other requirements necessary to begin disposal 
are still applicable and are covered in several other documents. 

1.1.2 General Plant Descriptjoo 

The waste will be disposed in Hazardous Waste Management Units (HWMU) located 
2150 feet below the surface of the WIPP site in bedded salt. The facility capacity is 
limited to 6.2 million ft3 of contact handled (CH) and remote handled (RH) TRU wastes 
many of which are also contaminated with hazardous waste. The RH waste is currently 
planned to be emplaced in the ribs of the excavated rooms and the CH waste is to be 
stacked in the excavated rooms. 

As each HWMU is filled, the access drifts will be closed to prevent access by personnel 
and to decrease the potential for release of contaminants. The last HWMU will have 
space available for acceptance of decontamination waste generated (derived waste) 
during the execution of this plan. 

Descriptions of topography, soils, geology, demography, meteorology, radiological and 
hazardous materials characteristics, radionuclide inventory, and environmental 
characteristics are available in the Draft Waste Isolation Pilot Plant Project Technical 
Baseline for Regulatory Compliance (Reference 54). 

1. 1. 3 Structures 

All structures will require removal of office furnishings, telephone service, site computer 
network, plumbing fixtures and piping, HVAC, electrical service, structure and 
foundation. Several structures will require the removal of compressed air, large 
equipment, fluid lines, etc. Removal specifications will be developed for each structure. 

The Hot Cell in the RH portion of the Waste Handling Building may remain as part of 
the permanent marker system. Modifications to the structure may be required if it is 
determined that it will remain as an artifact. Such modifications will require engineering 
development. 
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For each temporary structure that exists at the time of decontamination and 
decommissioning, action requests will initiate work orders with specific instructions for 
all preliminary work. The actual removal and preparatory activities for removal may be 
performed by a subcontractor. 

Following is a list of the temporary structures at the WIPP site: 

906 - U/G OPERATIONS TRAILER 
907 - TRANS & HAZ. MATL. HANDLING 
TRAILER 
908A - ENVIRONMENTAL MONITORING LAB 
TRAILER 
9088 - UNIVERSITY CONSORTIUM TRAILER 
909 - PROJECT CONTROL TRAILER 
910 - ENVIRONMENT AL MONITORING 
TRAILER 
911A- SITE LOCKSMITH TRAILER 
9118- SANDIA M101 TRAILER 
911 C - SANDIA OFFICES TRAILER 
911 E - SANDIA TRAILER 
911 F - SANDIA M9 AND 849 ANNEX 
911 G - SANDIA LABS TRAILER 
912 -TRAINING TRAILER 
915 - NEW MEXICO ENVIRONMENTAL DEPT. 
TRAILER 
916 - SANDIA OFFICES TRAILER 
917 - AIS MONITORING 

918 -voe TRAILER 
918A-VOC AIR MON. STATION 
9188 - voe LAB TRAILER 
950 - WORK CONTROL TRAILER 
951 - PROCUREMENT/PURCHASING 
952 - TRAILER (7-PLEX) 
971 - OPERATIONS TRAILER 
982 - MAINTENANCE TRAILER 
985 - QA TRAILER 
986 - PUBL & PROC. TRAILER 
988 - OPERATIONS TRAILER 
991 - SANDIA OFFICES TRAILER 
992 - SANDIA CAL LAB TR. 
993 - SANDIA OFFICES TRAILER 
994 - SANDIA LAB TRAILER 
995 - SANDIA QA RECORDS TRLR. 

NOTE: This list (current as of 12194 from the WIPP Site Facility Master Plan (Reference 2)) will be updated 
as needed. 
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Based upon the results of the Site Radiological Characterization Survey removal 
specifications or individual D&D plans will be developed for each of the following 
permanent structures: 

PORT-A-CAMP 
252 - SPS UTILITY SUBSTATION 
253 -13.8 KV SWITCHGEAR 25P-SWG15/1 
254.1-AREA SUB N0.1 25P-SW15.1 
254.2- AREA SUB NO. 2 25P-SW15.2 
254.3-AREA SUB NO. 3 25P-SW15.3 
254.4-AREA SUB NO. 4 25P-SW15.4 
254.5- AREA SUB NO. 5 25P-SW15.5 
254.6- AREA SUB NO. 6 25P-SW15.6 
254.7-AREA SUB NO. 7 25P-SW15.7 
255.1-EMERGENCY GEN. #125-PE503 
255.2- EMERGENCY GEN. #2 25-PE 504 
311 -WASTESHAFT 
351 - EXHAUST SHAFT 
361 -AIR INTAKE SHAFT 
362 - AIS/HOIST HOUSE 
363 - AISJWINCH HOUSE 
364 - EFFLUENT MON. INSTR. SHED •A• 
365 - EFFLUENT MON. INSTR. SHED •B• 
366 - AIS HEADFRAME 
371 - SALT HANDLING SHAFT 
372 - SAi. T HANDLING SHAFT HEADFRAME 
384 - SAi. T HANDLING SHAFT HOISTHOUSE 
384A - LAMPHOUSE 
411 - WASTE HANDLING BLOG. CH & RH 
412 -TRUPACT MAINT. BLOG. 
413 - EXHAUST SHAFT FILTER BLOG. 
413A- MONITORING STATION •A• 
413B-MONITORING STATION •B• 
414 -WATER CHILLER FACILITY & BLDG. 
451 - SUPPORT BLOG 
452 - SAFETY & EMERG. SERVICES FAC. 
453 - WAREHOUSE/SHOPS BLDG. 
454 - VEHICLE SERVICE BLOG. 
455 - AUXILIARY WAREHOUSE 
456 - WATER PUMPHOUSE 
457N-WATER TANKS 25-D-001A 
457S - WATER TANKS 25-0-001B 
458 - GUARD AND SECURITY BLDG. 

459 - CORE STORAGE BLOG. 
459A - SANDIA ANNEX 
463 - COMPRESSOR BLDG. 
465 - AUXILIARY AIR INTAKE 
468 - TELEPHONE HUT 
471 - NW ATMOS. MONITORING STATION 
472 - INSTRUMENT BLDG. 
473 - ARMORY BLDG. 
474 - HAZARDOUS WASTE STORAGE 
FACILITY 
474A- HAZARDOUS WASTE STORAGE BLDG 
474B - HAZARDOUS WASTE STORAGE BLDG 
474C - OIL & GREASE STORAGE BLDG. 
4740 - GAS BOTTLE STORAGE BLDG. 
474E - HAZARD MATERIAL STORAGE BLDG. 
474F - WASTE OIL RETAINER 
475 - GATEHOUSE 
480 - VEHICLE FUEL STATION 
482 - EXH. SHAFT HOIST EQUIP. 
WAREHOUSE 
485 - SULLAIR COMPRESSOR BLDG. 
486 - ENGINEERING BLDG. 
489 - TRAINING BLDG. 
818 - SANDIA TEST WELL 
ELECT. SWITCHBOARDS, SUBSTATIONS, 
AND SWITCHRACKS 
ENVIRONMENT Al. MONITORING SITES 
FIRE MAIN RING HEADER 
LANDFILLS 
MICROWAVE TOWER 
PIPELINE 
PO WERLINE 
ROADS (Paved & Unpaved) 
SANDIA GENERATOR NO. 1 
SANDIA GENERATOR NO. 2 
SEWAGE LAGOON & PIPING 
SALT PILE 
SNL UNDERGROUND ROOMS 
UNDERGROUND STORAGE TANKS (fuel) 
WELL PADS 
WID UNDERGROUND FACILmEs 

NOTE: This list (current as of 12194 from the WIPP Site Facility Master Plan (Reference 2)) will be updated 
as needed. 
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The WIPP is divided into three basic groups of structures; surface structures, shafts, 
and underground structures. 

The WIPP facility surface structures accommodate the personnel, equipment, and 
support services required for the receipt, preparation, and transfer of waste from the 
surface to the underground. The surface structures (excluding Port-a-camp, various 
storage areas, microwave tower, sewage treatment system, wells, pipeline, power line, 
access roads, environmental monitoring stations, landfills, Building 471 [N.orthwest 
Atmospheric Monitoring Station], Building. 472 [Instrument Building.] and roadbeds) are 
located in an area of approximately 35 acres within a perimeter security fence. 

The primary surface operations at the WIPP facility are conducted in the Waste 
Handling Building (WHB), which is divided into several separate waste management 
areas. These areas include, the CH TRU waste handling area, the RH TRU waste 
handling area, the transuranic package transporter (TRUPACT-11) maintenance facility, 
and support areas. 

The CH TRU waste handling area includes an outdoor truck loading and offloading 
area, a shielded storage room, an inventory and preparation area, and an overpack 
and repair room. 

The RH TRU waste handling area includes: a shipping and receiving area; a shielded 
cell for shipping cask unloading, waste canister inspection, overpacking canisters, as 
required; a canister transfer cell; and facility cask loading. 

The TRUPACT-11 maintenance facility is a radiologically clean dedicated area, adjacent 
to the CH TRU waste side of the WHB. Decontamination of a TRUPACT-11, if required, 
would be accomplished in the CH TRU waste side of the WHB. 

Other areas within the WHB include: a site-derived waste area; heating, ventilation, 
and air conditioning (HVAC) equipment area; and mechanical equipment areas. 

The site-derived waste area, located in the WHB, is provided for the handling of waste 
produced on the site as a result of decontamination operations. Waste water collection 
from fire main activation in the CH TRU side of the WHB will collect in a sump located 
in the site-derived waste room. Waste water from fire main actuation in any area with 
potential contamination (radioactive and/or hazardous) will be reacted to under the 
Hazardous Materials Spill Response section of the Emergency Services Program Plan 
(Reference 77). 

The WIPP surface structures include the Exhaust Filter Building, Engineering Building, 
Training Building, Support Building, Safety and Emergency Services Facility, 
Warehouse buildings, Guard and Security Building, Vehicle Service Building, a sewage 
treatment plant, underground fuel storage tanks (USTs), and other auxiliary buildings. 
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The Exhaust Filter Building contains banks of high efficiency particulate air (HEPA) 
filters that will be used to filter contaminated air from the underground in the unlikely 
event of a release. The underground ventilation system fans are located outside, 
adjacent to this building. 

The Support Building provides office space, change rooms, and houses the Central 
Monitoring Room (CMR) and its supporting equipment. 

The WIPP is accessible by both road and railway. Access to the site is from U.S. 
Highway 62/180, about 13 miles to the north, and from Highway 128, four miles to the 
south. Rail access is provided by a rail line connecting with a spur of the Atchison, 
Topeka, & Santa Fe railroad six miles southwest of the site. 

WIPP has four vertical shafts that extend from the surface to the underground horizon. 
These are: the Waste Shaft, the Salt Handling (SH) Shaft, the Exhaust Shaft (ES), and 
the Air Intake Shaft (AIS). 

The SH shaft is steel lined to the top of the salt formation (about 850 feet below the 
surface) and the other shafts are lined with concrete to the top of the salt formation. 

The Waste Shaft is located between the CH TRU and RH TRU areas in the WHB. It is 
nominally 19 feet in diameter and is serviced by a hoist utilizing a hoist cage that is 
primarily used for transportation of CH TRU and RH TRU wastes from the surface to 
the underground storage areas. This shaft is also used to transport personnel, 
materials and supplies, and large equipment. 

The SH Shaft is located beneath the salt handling headframe. It is nominally 1 O feet in 
diameter and has a combined mancage/bottom dump salt handling skip. This shaft 
provides the only means of removing mined materials from the underground. It serves 
as the secondary ventilation supply shaft for the underground areas. The SH shaft is a 
route for power, control, monitoring and communication cables. Personnel can also be 
transported in this shaft. 

Salt from the underground mining operations is brought to the surface via the Salt Shaft 
and stored in the salt pile north of the surface facilities. 

The exhaust shaft is located adjacent to the Exhaust Filter Building. It is nominally 14 
feet in diameter and serves as the exhaust air duct for the underground areas. 

The underground ventilation system consists of five centrifugal exhaust fans, two 
parallel HEPA filter assemblies, isolation dampers, filter bypass, and associated 
ductwork. The two main exhaust fans provide unfiltered flow of up to 425, 000 cubic 
feet per minute for normal underground operations. Three filtration fans can each 
provide 60,000 cubic feet per minute during filtration mode or reduced ventilation 
mode. Continuous Air Monitors (CAMs) are installed to detect airborne radioactive 
contaminants in the waste disposal area, the Waste Shaft and station, and in the 
discharge to the surface discharge stack. One alarm from the Station A Effluent 
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Sampling System or an alarm received from two like CAMs (two alphas or two 
beta/gammas) will cause automatic activation of the HEPA filtration system. 

The AIS is located to the west of the warehouse. It has three diameters (18 feet 
concrete lined, 16 feet 7 inches concrete lined and 20 feet 3 inches unlined salt 
section} and is the primary supply of fresh air underground. 

The underground structures are located on the storage horizon and consist of the 
waste storage area, the experimental area, the mining area, and the waste shaft 
station. 

The waste storage area· has four main entries, a number of crosscuts connect the main 
entries. The layout of the shafts and entries permits mining and storage operations to 
proceed simultaneously. New hazardous waste management panels will be mined as 
the preceding panel is filled with waste. 

Each waste storage panel will consist of seven rooms. Each room is nominally 33 feet 
wide by 300 feet long by 13 feet high. The storage rooms are separated by salt pillars 
100 feet wide by 300 feet long. The first 200 feet of each panel is 20 feet wide and 13 
feet high to facilitate the closure of each panel. After the initial 200 feet the panel is 
widened out to 33 feet. 

The waste shaft station located at the lower end of the waste shaft provides access for 
personnel and equipment to handle the waste. 

Workshop and warehouse facilities are located at the storage horizon. Shops consist 
of a repair bay, a welding bay, a lubrication bay, an electrical shop, several parking 
areas, and a warehouse. Offices, electrical substations, and lunch rooms are also 
located at the storage horizon. 

The experimental area of the mine used for experiments using simulated wastes and 
for geotechnical evaluations consists of several rooms and pillars that are used to 
perform rock mechanics tests, waste package and waste form experiments, and brine 
migration tests. In part, tests provided information used in room and pillar design of the 
waste storage area and support Performance Assessment activities/validation. 

1.2 oescriptlon of Operating History 

1.2.1 Initial Construction and P•rrnittjng 

Development of the WIPP facility began with a siting phase {in 1973), during which 
several sites were evaluated and the present site was selected on the basis of 
extensive geotechnical research, supplemented by surface-based testing. Based upon 
the geologic properties of the selected site, the repository was designed and safety 
analyses were prepared. Subsequent research expanded the understanding of the 
geologic, hydrologic, geochemical, and rock-mechanics properties of the host rock and 
surrounding strata at the site. The siting phase ended with the publication of a Final 
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Environmental Impact Statement {FEIS) {Reference 20) in 1980 and associated Record 
of Decision {ROD), which evaluated alternatives for the safe, long-term isolation of 
TRU waste at the WIPP facility. 

The construction phase followed, authorized by Public Law 96-164 (Reference 38) 
during which surface structures for receiving waste were built and underground 
excavations were completed for one panel of rooms designed for permanent waste 
emplacement. The DOE and the State of New Mexico entered into a Consultation and 
Cooperation Agreement (Reference 43) to affirm the intent to give consideration for 
concerns and cooperation in the resolution of those concerns. The end of.the 
construction phase was marked by a decision by the DOE Energy Systems Acquisition 
Advisory Board (ESAAB), after all prerequisites for ending construction were met and 
documented (in 1991 ). These documents used the data collected since 1980 to 
evaluate the potential short-term and long-term impacts of the WIPP facility. In 1992 
the Final Safety Analysis Report (FSAR) (Reference 49) was published. 

At the conclusion of the construction phase, the DOE proposed to proceed into a test 
phase that would include testing with TRU and TRU mixed waste at the WIPP facility. 
Although the DOE has made the decision not to conduct underground tests with 
radioactive wastes in the WIPP facility, information regarding a compliance. 
demonstration has not changed and this experimental data is being collected at the 
Idaho National Engineering Laboratory. 

Upon a successful demonstration of compliance with applicable federal and state laws 
and regulations, and once the certification and approval requirements of the LWA are 
met, the WIPP facility will proceed through three other distinct phases: a disposal 
phase, a decommissioning phase, and a post-decommissioning phase. The disposal 
phase, projected to last 25 years, will consist of receiving, handling, and emplacing 
TRU and TRU-mixed waste in the repository for disposal. Additional scientific studies 
may continue during the disposal phase. The disposal phase will end when a decision 
is made to terminate further disposal activities or the repository has reached its 
capacity. 

The decommissioning phase will follow the disposal phase. During the 
decommissioning phase the facility will be decontaminated and prepared for permanent 
closure. Closure of the HWMUs will be performed in accordance with the direction of 
Chapter I of the RCRA Part B Permit application. Surface facilities will be 
decontaminated and decommissioned, underground excavations will be closed, and 
shaft seals will be emplaced. This phase is projected to last eight years, with six years 
estimated for the RCRA closure portion. 

The post-decommissioning phase will include the implementation of active and passive 
institutional controls. Active institutional controls may include activities such as long
term site access control and post-closure monitoring. Such controls will be 
implemented consistent with applicable regulations and permit conditions. Passive 
institutional controls will include notification devices such as permanent markers 
designed to reduce the likelihood of human intrusion, archival storage of WIPP 
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information off-site, and large earthen structures marking the repository footprint on the 
surface. The concept for permanently marking the WIPP, as required by Title 40 CFR 
191.14(c), is descrtbed by a draft report listed in Attachment 3 (Reference 37) . 

1.2.2 Disposal Phase Operating History 

As of this revision to the Conceptual Decontamination and Decommissioning Plan there 
is no disposal phase operating history. 

1.3 program Objectives 

1.3.1 Decommissioojog Objective 

The main objective of decommissioning the WIPP site is to return the site to as close to 
the pre-construction condition, as reasonably possible, while protecting human health, 
the environment, and to meet NEPA and WIPP Land Withdrawal Act commitments. 

1.3.2 Alternative Strategy 

The decommissioning alternatives rejected in the Final Environmental Impact 
Statement included mothballing and in-place entombment. 

These alternatives allowed for decommissioning the plant under the following credible 
situations: 

• Decommissioning after the repository has been filled. The preferred 
methods would be in-place entombment of unusable underground 
structures, decontamination (as required), and dismantling of the surface 
structures. 

• Decommissioning before the repository is filled, leaving open the 
possibility of later returning to fill it. Mothballing of the surface structures 
would be the preferred method for this situation. Due to creep closure the 
underground areas would require mining to obtain a safe work 
environment. 

The present plan calls for decontaminating (as required) and dismantling surface 
facilities, entombing in the waste-disposal area all wastes generated in dismantling the 
surface facilities if they meet DD-WAC, close the remaining mine, and sealing the 
shafts and boreholes. Any wastes that do not meet the DD-WAC will be transported to 
an approved and permitted off-site facility. 

Mothballing would consist of putting the plant into a state of protective storage for a few 
decades. This alternative would be selected if later repository operation or 
experiments were desired. It would require the eventual use of another alternative for 
the permanent decommissioning of the plant. The plant would be left generally intact 
except that all areas with hazardous levels of radiation would be isolated from the 
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public by suitable barriers and other means. Useful equipment could be 
decontaminated, if necessary, and removed from the site. Adequate radiation 
monitoring, environmental surveillance, and security procedures would be established 
to protect the health and safety of the public. The shafts and underground facilities 
would be left intact. This alternative was rejected. 

Entombment applies mainly to the shafts and mine. Entombment of the surface 
facilities would be similar to mothballing except that the radioactive materials would be 
removed and placed in the mine or removed from the site. After the removal of usable 
equipment (and decontamination, if necessary), the vacated mine would be closed, 
and the shafts and boreholes would be sealed. In this alternative the mine and shafts 
would be permanently sealed; the surface facilities, however, would be available for 
some other use in the future. This alternative was rejected. 

Decontamination and djsmantljng would involve the surface facilities, with the shaft and 
mine entombed as described above. Usable equipment would be decontaminated and 
removed; contaminated equipment and waste would be packaged and either placed in 
the mine or removed from the site if mine disposal were not feasible. Surface facilities 
would be demolished and debris removed or buried in the Construdion and Demolition 
landfill. As nearly as possible, the surface would be returned to its original condition. 

1.3.3 Cleanup Criteria 

Criteria for the mixed waste decontamination is defined in 40 CFR 264, Subpart G-
C losure and Post-Closure; WIPP RCRA Part B Permit Application, DOEJWIPP 91-005, 
Chapter I-Closure Plans, Postclosure Plans, and Financial Requirements, 20 New 
Mexico Administrative Code (NMAC) 4.1 Subpart V, Subparts G, I, and X, and DOE 
Order 5820.2A, Radioadive Waste Management. 

Because of the type of waste management adivities that will occur at the WIPP facility, 
waste residues that may be encountered during the operation of the facility and at 
closure may include waste generated as a result of the management of the waste 
containers (derived waste including rags and rubber gloves), waste generated as part 
of the closure adivities (such as wipes used to sample the containers and equipment 
for potential radioadive contamination, solidified decontamination solutions, stabilized 
concrete dust from scabbier operations, equipment designed for disposal, 
contaminated salt that is excavated because of decontamination adivities, etc.), and 
residues generated as a result of spill cleanup (rags, gloves, hazardous materials). All 
of the above wastes generated (derived wastes) during the operation and closure of the 
WIPP facility will be identified and managed as TRU mixed wastes. 

Criteria for the radiological portion of the mixed waste decontamination is defined in 
DOE Order 5820.2A (Reference 22). 

On the basis of "co-detedion of hazardous and radioadive releases," decontamination 
will be considered complete for RCRA constituents when radiological decontamination 
has been accomplished. Radiological decontamination will be to less than or equal to: 
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All surveys for contamination at the WIPP facility are based on the concept of co
detection. Co-detection is used to describe the detection of releases from containers 
by virtue of detection of radioactive contamination. Co-detection applies to all releases 
except the release of VOCs from TRU mixed waste containers. It provides the WIPP 
facility with a very sensitive method of detecting the release of non-VOC hazardous 
TRU constituents through the use of surface sampling (swipes) and radioactivity 
counting. 

Decontaminated materials and equipment must be sampled in accordance with 
applicable procedures to assure that there are no RCRA constituents beyond the levels 
authorized for release. Items that are found to exceed the limits will be properly 
packaged and transferred to an appropriate treatment storage and disposal facility. 

1.4 program Management and Administration 

1.4.1 Organjzatjon 

A graphic representation of the management and operating contractor decontamination 
and decommissioning management organization is presented as Attachment 2. 

1.4.2 Responsibilities 

Decommissioning Project Manager - provides overall management of the 
decontamination and decommissioning effort. As the facility converts from the 
operational phase to the decommissioning phase, overall responsibility for the project 
management will shift to this individual. 

Engineering Manager - provides engineering support for all D&D activities. Provides 
management oversight for licensing and regulatory compliance activities. 

Construction Manager - provides control of maintenance activities, decommissioning 
utilities, structure removal, and shaft seal installation. 

Operations Manager - provides management of radiological and chemical 
decontamination activities, mine closure process, facility operations, health physics, 
and environmental monitoring operations. 

Administrative Manager - provides control of the budget and schedule, directs 
procurement activities, manages human resources, and manages training. 

Safety/Security Manager - provides the overall safety oversight of the D&D activities. 
Provides for the physical security of the WIPP site. 
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QA Manager - identifies, develops and defines quality requirements applicable for the 
D&D process. Consults with line management in interpreting and implementing quality 
program elements, and provides performance-based independent assessment of 
quality affecting activities. 

1.4.3 Decommjssjonjng Project Team 

The Decommissioning Project Team consists of the Department of Energy and the 
management and operating contractor. 

1.4.4 Decommjssionjng Manpower . 

Decontamination and decommissioning process manpower will be developed from the 
WIPP workforce. As the operational phase is completed, personnel without proper job 
skills will be cross-trained for the new positions being created by the decommissioning 
phase. This process will reduce the need for layoffs, and provide a knowledgeable and 
experienced workforce. 

1.4.5 Worlser Health and Safety Training 

Worker training for health and safety will be conducted in accordance with 29 CFR 
1910.1200 and other applicable regulations. The basic training will be accomplished _ 
through the general employee training course administered to all new employees and 
with annual refresher training for all employees. 

For further information on training policies refer to the current procedures listed in 
Attachment 3 of this plan (References 3, 83-85). 

Personnel will continue to qualify and maintain qualification on the systems and 
equipment that they will operate. 

1.4.6 Use. Control. and Management of Subcontractors 

Current procurement policies and procedures for subcontractor interface are listed in 
Attachment 3 of this plan (References 65, 85-87). 

1.5 Program Schedule and Cost 

1.5.1 Major Milestone Schedule • Narrative 

A schedule of the D&D process is included in this document as Attachment 1. 

Acquire permits and approvals for D&D activities. 

Removal of equipment and closure of the underground experimental areas may 
commence as soon as the area is no longer required. 
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As personnel downsizing takes place, temporary surface structures will become empty, 
and removal may commence. 

Removal of temporary surface structures will be initiated prior to the projected 
emplacement of the last shipment of waste. 

A site radioactivity characterization study will be performed to determine what areas of 
the site will require·decontamination, to facilitate selection of an appropriate 
decontamination and decommissioning strategy, and after the decommissioning, 
demonstrate that the residual radioactive and/or hazardous materials satisfy criteria for 
unrestricted release. 

Excess underground equipment will be decontaminated if required, moved to the 
surface, and disposed of in accordance with applicable federal property management 
regulations ( 41 CFR 101 ). 

When economically feasible all usable equipment and materials will be decontaminated 
and removed from the site. Surface facilities will be decontaminated as required. 

Contaminated structural debris, equipment, and decontamination wastes that meet the 
DD-WAC, will be packaged and placed in the mine in the last panel. Decontamination 
will be performed using technologies that do not add materials which would cause the 
derived waste to violate the DD-WAC. Liquids and fine particulate would require 
stabilization prior to disposal in the mine. Perform closure of the last HWMU in the 
same manner as the other panels. As the mine is closed the equipment will back out 
and be removed. · 

Shafts will be sealed in accordance with acceptable techniques. 

Each Solid Waste Management Unit (SWMU) will be closed in accordance with all 
applicable regulations and requirements when it is no longer required. 

Dismantling of surface facilities will commence upon vacancy and completion of 
radiological survey and, if required, decontamination. 

Uncontaminated debris and unusable equipment will either be shipped away from the 
site for disposal or disposed of in the construction and demolition landfill. 

Decommission the sewage system and the NPDES storm water evaporation basins. 
Close all SWMUs. 

Excess salt will be disposed of per the Minerals Act of 1947. 

Electrical power, telephone lines, water, railroad spurs, and roads will be removed, as 
required (electrical power, RR spurs and roads should remain to the degree necessary 
to support future construction of the Permanent Marker System and Permanent Marker 
testing). 
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Markers will be provided consistent with the approved passive control strategy. 

Monitoring and active control will be established. 

Unneeded environmental monitoring stations will be removed. 

The underground storage tanks used for the storage of fuels will be removed in 
accordance with applicable regulations. 

A final decommissioning report will be developed. 

1.5.2 Cost Estimate - Narratjye 

A cost estimate will be developed for these activities for the Decontamination and 
Decommissioning Plan required by the Land Withdrawal Act. A conceptual cost 
estimate is available from the Waste Isolation Division Long-Term Regulatory 
Compliance group. 

1.6 Decommjssjonjng Activities 

1.6.1 Plant Radjologjcal Characterization 

Extensive radiological contamination surveys of all areas of the WIPP site will be 
performed. The results of these surveys will provide the basis for selection of 
technology for decontamination and decommissioning of the WIPP facilities. Along 
with the historical records of surveys performed during the operational life of the facility, 
the contamination surveys will provide evidence for release of structures, equipment, 
and components. 

Radiological Survey and Sampling Program 

The radiological survey and sampling program will be accomplished using current 
procedures listed in Attachment 3 of this plan (Reference 74). 

1.6.2 Physjcal lnyentoey 

A complete inventory of all site facilities, equipment, and assets is to be performed so 
that disposition requirements may be determined prior to the items becoming excess. 
This inventory is standard practice for every major facility change. 

Facility Physical Inventory 

This inventory can be accomplished utilizing the WIPP Site Facility Master Plan 
(Reference 2). This is a controlled drawing, which coupled with outstanding 
Engineering Change Orders provides a complete listing of the site facilities. 
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Property Management maintains a database of all site equipment valued at $1000 or 
more, all real property regardless of value, and sensitive items valued at $200 and 
above. This database includes information such as the Manufacturer's nomenclature 
and model/serial number(s), the date the equipment was put into service, purchase 
order number and depreciable life, etc. 

1.6.3 Facility and Site Preparation 

Individual specifications will be developed for each structure prior to removal. These 
specifications will include a statement of work, as-built drawings, construction 
specifications, disposition of materials, required worker training and qualifications, etc. 
Specific instructions can be found in current WIPP procedures listed in Attachment 3 of 
this plan (References 86, 87). 

Temporary Structures 

Temporary structures such as the trailers used for offices will be prepared for disposal 
following vacancy and radiological clearance. Utilities (power, telephone, water, 
sewage, computer network, alarms, etc.) will be removed by site personnel. Office 
equipment and furniture removal may be contracted. The removal of skirting, 
reinstallation of axles, and towing may be performed under contract. 

Laydown Areas 

Laydown areas will be designated for radiologically contaminated materials, hazardous 
waste, solid waste, and scrapped or salvaged equipment/materials. These areas 
should be located centrally to where the majority of work is to be performed. 
Hazardous waste will be collected, accumulated, and disposed in accordance with 
applicable regulations. 

Support Services 

• Power will be maintained from the SPS feed east of the site. No 
conversion to construction power will be necessary to perform structure 
removal. 

• Telephone service will continue through the telephone hut until the size of 
the site makes it no longer economical to maintain the hut, at which time 
the GTE telephone service will be transferred to individual feeds. 

• Water is supplied by the Double Eagle Water Line, owned by the City of 
Carlsbad, through their wells located approximately 30 miles north of the 
WIPP. Water is supplied by gravity flow through a 24-inch diameter 
pipeline to a jundion point about 13 miles north of the site at U. S. 
Highway 62/180. This line is sized to provide 6000 gal/min for use by 
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others in addition to the peak flow rate required by the WIPP facility. 
Controls at the junction point give the WIPP facility priority over flows to 
all other users. A 10-inch diameter pipeline supplies 375 gal/min water 
flow from the tie in point to the WIPP facility by gravity flow. 

The water supply to the site will continue until such time that the domestic 
and fire water requirements no longer exist. At that time the pipeline will 
be capped. Ownership of the waterline will be transferred to the City of 
Carlsbad. The portion of the pipeline that the City does not want, will be 
decommissioned and removed. 

• Refuse removal will continue with contractor support until the facility is 
taken into the post-decommissioning long-term monitoring phase. 

• Sewage treatment is currently performed in a series of settling treatment 
and evaporation ponds south of the site. When the number of personnel 
has decreased enough that the need for these ponds is no longer 
necessary, and may be supplanted by portable facilities, the ponds will be 
closed in accordance with applicable regulations. 

1.6.4 Decontamination 

The "Start Clean - Stay Clean" operating philosophy of the WIPP site will decrease the 
need for decontamination during the Decommissioning phase. However, the need for 
decontamination technology may arise. 

Chemical Cleaning 

Detergents - no detergents are currently planned for use in decontamination activities. 

Solvents 

Water in limited quantities (e.g. dampened rags) - is the primary solvent used for 
decontamination 

Windex. - may be used on a limited basis 

Radiacwasti_ - may be used only if water, Windex.. etc. are not effective in 
reducing contamination to acceptable release levels. 

Nonchemical Decontamination 

Polyvinyl Alcohor - is used to remove radiological contamination from smooth surfaces 
such as the waste handling building floor. The residue from this process is a solid 
plastic contaminated with radioactive material and hazardous waste. The residue of 
the Polyvinyl Alcohol may be disposed of in the underground as a mixed waste. 
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Sandblasting - this method of decontamination would create large quantities of 
contaminated waste for disposal and is not recommended. 

Grinding - this method would create a smaller quantity of contaminated waste than 
sandblasting, and might be used in limited applications. 

High-Pressure Water Spray - this method could create large volumes of water that 
would need to be treated or stabilized before disposal and is not recommended. 

Scabbier Pistons and Needle Scalers - this method utilizes pneumatically operated 
reciprocating scabbier pistons and needle scalers to remove up to 3/16 inch of the 
concrete surface which is filtered and stored in the vacuum system prior to solidification 
and disposal. 

Ice-blast Technology - uses compressed air and ice chips to remove loose or fixed plus 
removable radioactive contamination, with only 24 gallons of waste water per hour of 
operation. 

Dry Ice Blasting - on impact, dry ice pellets sublimate from their solid state into gas, 
leaving only the removed contaminant for disposal. The process is practically non
abrasive on all surfaces, inert and non-conductive. 

Partial Removal of Components 

Partial removal of components will be performed when it is radiologically safe to 
remove a section of pipe, ventilation ducting, bracket, etc., when the larger component 
is not contaminated, and when the removal of a portion of the whole will significantly 
reduce the volume to be emplaced in the last panel. 

Cost/Benefit Analysis 

A cost/benefit analysis will be necessary for evaluation of the decontamination options 
in the event that the need for this technology arises. It is, however, too early as of this 
writing to make an estimate of the necessity for decontamination technology beyond 
that currently available at the WIPP site. 

1.6.5 Rjggjng of Heaxy Components 

The Department of Energy Hoisting and Rigging Manual, DOE/ID-10500 (Reference 
20), will be utilized in all hoisting and rigging operations conducted at the WIPP site 
during decommissioning. The manual quotes verbatim or paraphrases the 
requirements of the Occupational Safety and Health Administration and the American 
National Standards Institute. It was developed to encompass, under one cover, 
hoisting and rigging requirements, codes, standards, and regulations. In doing so, it 
eliminates the need to maintain extensive (and often incomplete) libraries of hoisting 
and rigging standards throughout the DOE. 
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There is currently no large scale capability for liquid radwaste processing at the WIPP 
facility. Depending on the type of decontamination equipment selected and the 
quantity of waste liquid created by that equipment, a decision will have to be made at a 

_later date for this system's specifications. 

Small quantities of liquid radwaste can be solidified using Aquaset® or an equivalent 
grade absorbent material. 

Services to be Added 

No new services are anticipated. Due to the small quantities of liquid waste that is 
anticipated during the decontamination and decommissioning of the WIPP, no 
additional equipment is deemed necessary at this time. If quantities should be greater 
than currently anticipated, then the following technologies may be utilized. 

• Mobile Evaporators 
• Demineralizers 
• Mobile Solidification System 

1.6. 7 Solid Radwaste Handling. Packaging and Emplacement 

Containers 

Waste containers for emplacement in the WIPP shall be noncombustible and meet all 
applicable requirements of 49 CFR §173.412 for Type A packaging. Waste containers 
of various sizes, shown to meet Department of Transportation Type A requirements by 
methods detailed in DOE Evaluation Document for DOT 7 A Type A Packaging, 
DOE/DP/00058-H1 ;MLM 3245 are acceptable at the WIPP. 

Packaging 

Waste packaging is included in the information for containers in the above subsection. 

Emplacement 

Decommissioning waste will be emplaced in the underground, utilizing approved waste 
handling operations procedures, in the last HWMU prior to closure of the unit. 
Containers that are not the standard waste box or 55-gallon drums, will require 
separate procedures to ensure that the containers are loaded into the panel in a safe 
and coordinated manner. 
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No areas within the facility are being permitted as interim storage areas. Satellite 
accumulation area regulations will apply. See 40 CFR 262.34 for limitations on 
quantities, time, and methodology for accumulation of hazardous waste at the 
decommissioning site. Waste containers with radioadive mixed waste will remain at 
the location of decontamination effort until the container is filled or the decontamination 
at that location is completed. As decontamination progresses beyond the surface, the 
waste containers will be diredly emplaced in the panel. Once a container of waste is 
filled, it will be moved to the storage area and emplaced in a prompt manner. 

1.6.8 Nonradjoactjve Hazardous Waste Handling and Disposal 

The handling and disposal of nonradioadive hazardous waste will be performed in 
accordance with applicable regulations and approved WIPP hazardous waste 
management procedures. There are approved procedures in place at this time 
(References 46, 55, 57). 

Waste Packaging Process 

Current WIPP procedures listed in Attachment 3 of this plan delineate the 
responsibilities and handling requirements for site generated nonradioadive hazardous 
waste at the WIPP {References 46, 55, 57). The waste packaging process is designed 
to proted human health and the environment from negative effeds of hazardous waste 
by ensuring that hazardous waste is properly handled, accumulated, and transported to 
an approved off-site treatment/storage/disposal facility in accordance with all applicable 
local, state and federal regulations, DOE Orders and WID policies and procedures. 

Transportation 

Current WIPP procedures as listed in Attachment 3 of this plan delineate the 
responsibilities and requirements that provide for the shipment of nonradioadive 
hazardous materials by the Waste Isolation Division {WID) from the WIPP, in 
compliance with the DOE requirement for management of materials transportation as 
specified in DOE Order 1540.1 A, and applicable laws and regulations related to the 
shipment of hazardous materials (References 21, 55). 

lnstrudions for the on site transportation of hazardous material, hazardous waste and 
non-RCRA regulated material are provided in current WIPP procedures listed in 
Attachment 3 of this plan {Reference 57). 

1.6.9 Solid Waste Handling and Plsposal 

Guidelines for the operation of the construdion and demolition landfill in a manner 
which is protedive of human health and the environment and ensures compliance with 
applicable local and state laws and regulations are contained in current WIPP 
procedures listed in Attachment 3 of this plan (Reference 56). 
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The primary laydown area for solid waste (other than construction landfill debris) will be 
designated on the asphalt pad southeast of the Waste Handling Building. 
Construction and demolition debris will be moved directly to the construction landfill. 

Traffic Management of Waste Site 

No scavenging will be allowed at the waste site. Prior to loading of vehicles for 
transport to the landfill, the waste will be characterized by process knowledge or 
sampling to not contain any hazardous wastes. 

Local Registered Sanitary Landfill Site 

The registered sanitary landfill site utilized by the WIPP site is currently located near 
Hobbs, NM. The landfill is not currently permitted, but will have a permit hearing in 
January 1995, permit submittal in June 1995, and approval is expected eighteen 
months following submittal. 

Compaction 

There is currently no requirement for compaction of the solid waste. 

1.6.1 O Removal of Radioactive Equipment 

All equipment will be checked for the presence of radioactive contamination. If 
radioactive contamination is detected, the contaminated equipment will be assumed to 
be contaminated with the hazardous waste constituents of the waste in the containers 
that the equipment contacted. Contaminated equipment will be decontaminated to the 
clean limits specified in Section 1.3.3 of this document or placed in containers and 
managed as derived TRU mixed waste. 

Isolation of System and Cutting of Pipe 

The WIPP does not have piping systems that will carry radioactive materials. The 
closest approximation would be possible contamination of the air handling ductwork in 
the waste handling building. In the event that the site radioactive characterization or a 
routine survey detects contamination in any of the ductwork, specific work instructions 
will be developed for the decontamination and removal of that ductwork. Those 
instructions will be based on the level and extent of contamination found, using 
standard industry practices. 

Exhaust Filter Building and HEPA Filters 

The Exhaust Filter Building (EFB) and HEPA Filters associated with the EFB must be 
operable during underground ventilation. Emplacement of contaminated EFB HEPA 
filters requires underground ventilation. 
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Procedures will be developed to ensure that the following steps will be performed: 

a. Underground operation will be halted 

b. the EFB HEPA filters will be removed 

c. If the EFB HEPA filters are contaminated beyond acceptable criteria, they 
will be packaged for emplacement in the underground 

d. A radiological survey will be performed on the EFB and associated 
equipment 

e. Decontamination will be performed on all EFB equipment that is 
contaminated 

f. HEPA filters will be installed 

g. The EFB ventilation systems will be tested to meet surveillance 
requirements 

h. Underground operations will recommence 

Performance of these steps will decrease the potential for TRU or TRU mixed waste 
being generated during the decommissioning of the EFB. In the unlikely event that 
there is radiologically contaminated waste generated during the EFB decommissioning, 
it may be designated as low level radioadive waste and shit)ped to a licensed disposal 
facility. 

Sampling and Characterization 

Radioadivity - Methods for assuring that equipment is not contaminated and ready for 
free release are listed in Attachment 3 of this plan (Reference 78). 

Equipment decontaminated will require a verification survey before release for 
disposition. 

SizeNolume Reduction 

There is currently no requirement for size/volume redudion. However, the WIPP has 
an active waste minimization and pollution prevention plan which applies both size and 
volume reduction where possible. This technology will be considered during 
decommissioning and utilized if technically and economically feasible, or necessary for 
emplacement of this waste into the last HWMU. 
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Removal of radioactive equipment will be performed under strict health physics control 
following the procedures specified in documents listed in Attachment 3 of this plan, and 
approved work instructions (Reference 74). 

The waste will be packaged in approved containers as specified in Section 1.6.8 of this 
plan. 

Emplacement 

Decontamination wastes will be emplaced in the last HWMU as derived mixed waste. 

1.6.11 Removal of Nonradioactive Equipment 

Isolation of System and Cutting of Pipe 

System isolation and pipe cutting is marginally applicable to the WIPP facilities. 
Separate work instructions will be developed for the removal of closed systems using 
standard industry practices. 

Verification of Noncontaminated Condition 

All systems external to the Waste Handling and Storage areas will have been declared 
clean to the limits specified in Section 1.3.3 of this document during the site 
radiological characterization survey. Systems within those areas will require health 
physics surveys prior to removal. All systems that contained or may have contained 
hazardous materials will require sampling and possible flushing prior to removal. 

Removal and Packaging 

Removal of nonradioactive equipment will be performed following approved work 
instructions which will be developed by Work Control. 

Holding Area 

Location - The asphalt pad southeast of the waste handling building will be designated 
as the primary holding area for nonradioactive equipment. 

Traffic Management - Equipment awaiting disposition will be segregated from access 
by non-authorized personnel. 
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Retired. Nonradioactive equipment that is not scrap or salvage will be placed on the 
excess property list. 

Disposal - Nonradioactive equipment that cannot be retired will be dispositioned as 
scrap or salvage. 

1.6.12 Removal of Power and Control Systems 

Circuits will be de-energized and removed as equipment and facilities are made 
available for disconnect. The diesel generators will be maintained until all vital loads 
are removed. After all site loads are removed, the utility will be notified to remove their 
site feed. 

Removal of the uninterruptable power supplies (UPS) will present no additional 
problems. All batteries will be removed and excessed. 

Operations Interface 

Close coordination between the operations and construction managers will be required 
to assure that necessary circuits for the remaining facility are maintained as the circuits 
are removed. 

Switch-over to Construction Power 

Primary power will be utilized until all its electrical systems are completely removed. 
Construction power is not required during the decommissioning of the site. 

Disposition 

Where economically feasible based upon the criteria of cost, condition, etc. electrical 
equipment will be retired or declared excess as appropriate. 

1.6.13 Removal of Contaminated Surfaces 

Potentially Contaminated Areas 

Walls; Floors, and Structures - Surfaces that will be potentially contaminated are in the 
Waste Handling Building CH Bay, Overpack and Repair Room, RH Bay, Cask 
Unloading Room, Hot Cell, Cask Transfer Shuttle car, Shaft Access, Waste Handling 
Building Ventilation system, and Exhaust Filter Building. 

Shafts and Drifts - The Waste Handling Shaft, Exhaust Shaft, exhaust drift, and the 
underground drift from the Waste Station to the waste panel are areas of potential 
contamination. The Exhaust Shaft and the E-300 drift from S-1600 to S-400 have the 
·potential for contamination if an emplaced container is breached. 
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The waste packages are surveyed prior to downloading, and therefore the potential for 
waste shaft contamination is limited to waste conveyance accident scenarios, which are 
deemed incredible events. The Waste Shaft will be a part of the site radiological 
characterization survey, but it is not anticipated that any decontamination will be 
required in the shaft. All shafts and drifts will be surveyed for the site radiological 
survey, but it is anticipated that the need for decontamination, if any, will be confined to 
the access drifts from the waste station to the entrance to the final panel. 

Removal Controls 

Decontamination will commence at the areas farthest from the waste shaft and proceed 
to the shaft access, and recommence from the shaft waste station south to the last 
panel. The minimum volume of material should be removed to control the storage 
volume needed in the underground. 

Removal Methods 

Applicable methods of contamination removal are listed in Section 1.6.4. 

1.6.14 Closure of Last Hazardous Waste Management Unit 

Closure Survey 

A radiological closure survey will be periormed in accordance with approved 
procedures. RCRA closure will be periormed in accordance with the specifics defined 
in Chapter I of the RCRA Part B Permit Application. 

1.6.1.~ Closure of Mine Underground 

Equipment Removal 

Equipment and materials will be removed from the mine to the extent practicable. 

Electrical Systems - Electrical systems will be removed as the closure progresses out 
of the mine: 

Mining Equipment - As the mining equipment is no longer needed it will be removed 
through the waste handling shaft. Some pieces of the equipment may require 
disassembly or cutting to fit into the shaft. 

Support Equipment - Support equipment such as golf carts, ambulance, fire truck, 
portable offices, etc. will be removed from the mine and dispositioned as they become 
excess. 
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Shafts will be plugged in accordance with acceptable sealing techniques. 

Shaft Seals - An essential task during the decommissioning of the waste repository will 
be sealing the remaining holes and shafts. Shaft seal design alternatives have been 
studied for several years. A reference design is available. 

1.6.17 Demolition and Removal of Structures 

Criteria 

All site structures with the possible exception of the Hot Cell portion of the Waste 
Handling Building are to be removed during the decommissioning. The Hot Cell in the 
RH portion of the Waste Handling Building may remain as part of the permanent 
marker system. Criteria for free release of structures is delineated in Section 1.3.3 of 
this document. 

Removal of Contamination 

Appropriate techniques will be applied for the conditions of the contamination including 
quantity of contaminant, location, worker health and safety, fixed or loose, surface to be 
decontaminated, etc. 

Removal Techniques 

Applicable methods of contamination removal are listed in Section 1.6.4. 

Verification of Noncontaminated Status 

Structures that were shown noncontaminated by the site radiological and hazardous 
constituent characterization and historical records may be removed when there is no 
further use for them. Structures that indicated radiological contamination, will require a 
verification survey after decontamination. Those structures that are then shown clean 
will be removed as the schedule permits. 

Disposition 

Transferred - Structures will be declared excess in accordance with applicable Federal 
and DOE Property Management Regulations. 

1.6.18 Final Radiological Survey and Hazardous Constituent Analyses 

The final radiological survey and hazardous constituent analyses will encompass the 
entire WIPP site. 
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Approved procedures will be utilized to perform the final radiation survey and swipe or 
material sampling. 

Environmental Monitoring 

A final environmental monitoring survey will be performed to assure that the facility has 
not created any environmental hazards. Environmental monitoring will continue after 
decommissioning concurrent with long-term monitoring. 

Survey Plan 

Surveys will be performed in accordance with approved procedures. 

Confirm Structures Meet Disposition Objectives 

All structures with the possible exception of the Hot Cell portion of the Waste Handling 
Building will have been removed. The final radiological survey of the Hot Cell will verify 
meeting disposition objectives. 

1.6.19 Restoration of Site 

Decommissioning of Solid Waste Management Units 

There are 13 discemable groups of SWMU at the WIPP site. The following table lists 
those groups and their descriptions. All SWMUs will be characterized and closed in 
accordance with applicable federal and state regulations. Recontoured sites will be 
reclaimed in accordance with the WIPP Land Management Plan. 

SWMU Unit Type Unit Description Waste Description 
No. 

001 Mud Pits Approximately 46 Sodium- and potassium 
a - ab decommissioned mud pits chloride saturated brine; 

are located on 28 drill starch; bentonite gel; diesel 
pads, which were used for fuel; drill cuttings; metal 
settling drill cuttings out of cuttings; grease; hydraulic 
the drilling fluids being fluid; motor oil. 
used in drilling holes to 
support hydrologic testing 
and monitoring, potash 
evaluation, and drilling for 
hydrocarbons. 
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002 Salt and Top A total of four areas 
a-d Soil Storage ranging in size from 3 to 15 

Areas acres used for salt and 
topsoil storage. 

003 Landfills Two landfills used for 
a-b disposal of construction 

debris. 

004 Storage Yards Three yards used for 
a-c storage of construction and 

maintenance materials, 
wastewater, and used oils 
or materials that can be 
reclaimed or recycled. 

005 Concrete Three areas used as 
a-c Batch Plants temporary locations for 

concrete batch plants. 

006* Holding Ponds Two ponds used to hold 
a-b brine drilling fluid from the 

drilling of the salt handling 
and waste handling shafts. 

007 Evaporation Three ponds used for the 
a-c Ponds evaporation of water. 

008 Surface Ten hazardous waste or 
a - r Satellite used petroleum product 

Accumulation satellite accumulation 
Areas areas; two hazardous 

waste staging areas. 

009 Underground Ten hazardous waste or 
a -1 Satellite used petroleum product 

Accumulation satellite accumulation 
Areas areas. 
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Salt; topsoil; traces of 
hydraulic oil; motor oil; 
diesel fuel; and scrap steel. 

Foundation excavation soils; 
concrete; scrap wood; and 
metal. 

Water contaminated with 
motor oil, hydrauli·c oil, and 
diesel fuel; used hydraulic 
oil, motor oil, antifreeze, 
glycol-based oils, chemical 
grout; used lead acid 
batteries; scrap metal. Used 
hydrocarbons are collected 
in containers. 

Concrete; trace amounts of 
motor oil and grease. 

Saturated brine; bentonite; 
drill cuttings; hydraulic oil 
and grease. 

Water; soap; nonhazardous 
cleaning solutions; oil; 
unsaturated salt brine. 

Nonradioactive, site-
generated wastes, collected 
in containers including spent 
solvents, aerosol cans, oily 
rags, expired chemicals, and. 
paint products. 

Nonradioactive, site-
generated wastes, including 
spent solvents, aerosol 
cans, oily rags, used oils, 
spent lead acid batteries, 
grout, and cement. 
Hazardous waste and used 
petroleum products are 
collected in containers. 
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010 Shaft Sumps- An area at the bottom of 
a-d each of the four WIPP 

shafts that collected 
construction debris or 
accumulated brine. 

011 Sewage Five ponds used for WIPP 
a-e Treatment sewage treatment. 

Facility 

012 Nonhazardous Twenty portable bins used 
Solid Waste for solid waste collection. 
Collections 
Bins 

013 TRU Mixed Areas where transuranic 
Waste (TRU) mixed waste was 
Management managed during the 
Units Disposal Phase. Includes 

contact and remote 
handled TRU areas of the 
Waste Handling Building 
and Panels 1 through 8 in 
the underground. Waste 
will be in approved 
containers. 
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Welding residue; scrap 
wood and metal; salt; Class 
C cement; chem-seal; 
bentonite; grease and oil; 
cement and chem grout; 
Rustler formation brine; 
washwater. 

Sanitary waste; neutralized 
film developer, and oil. 

Nonhazardous solid waste 
including nonliquid sanitary 
waste and industrial waste. 

Radioactive mixed waste 
consisting of TRU waste that 
is co-contaminated by 
various listed solvents, or 
which contain characteristic 
waste consisting mostly of 
metals. 

*Both holding ponds designated as 006a and 006b have been remediated. 

- The AIS & ES terminate at the storage horizon, but are designated as sumps for the 
RCRA Part 8 Permit application. 

Removal of Site Boundary Structures 

Fences - Fences around the surface facilities will be removed and either retired or 
transferred. A fence line shall be established to control access to the repository 
footprint area (the waste disposal area projected to the land surface.) for the active 
controls after closure. A standard five-strand barbed wire cattle guard fence shall be 
erected along the perimeter of the repository surface footprint. The fence shall have 
gates placed approximately mid-way along each of the four sides. 

Guardhouse - Structures will be declared excess in accordance with applicable federal 
and DOE property management regulations. 
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Following removal of all structures and surfaces, as well as buried piping, conduit, and 
wiring, the surface will be graded to near the original contour. 

Revegetation 

Following closure of the WIPP site, the area will be replanted in accordance with 
applicable regulations and agreements. 

Facility and Site Closeout 

A final inspection of the facility will be conducted to ensure that the area has been 
returned to as close as reasonably possible to the surrounding landscape. Monitoring 
for assurance that the vegetation and animal populations are returning to normal will be 
accomplished within the Post-Closure Monitoring Program. 

1.6.20 Facility Release and Reporting 

Certification of Unrestricted Level for Release 

Certification of unrestrided level for release will involve the evidence of historical 
reports of surveys and the results of the site radiological characterization survey 
conducted at the start of the decontamination and decommissioning effort, and the final 
radiological survey and hazardous constituent analysis. 

Release of Site and Structures 

Individual strudures will be released as excess property as they are found free of 
contamination, as specified in Sedion 1.6.4 of this plan, and there is no further use for 
them at the site. 

Final Program Report 

A final program report will be issued for the decontamination and decommissioning 
program to summarize the decommissioning process and the steps taken to obtain 
closure status. 

1. 7 Facility Modification 

1. 7.1 Material Stagjng/Stocage Facility 

Laydown, staging, and storage areas will be designated for use during the 
decommissioning process. These areas will require the same level of survey and 
cleanup as the other portions of the site for free release and closeout. 
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It is anticipated that a staging area will be required for oils and ethylene glycol waste. 
There is an anticipated 1500 gallons of waste ethylene glycol with 3000 gallons of flush 
water waste. Drum storage or a roll-off tank (preferred method), will be required for the 
ethylene glycol waste. All ethylene glycol will be surveyed and sampled. Once a 
determination is made that the material is not radiologically contaminated, all ethylene 
glycol will be sent off-site to be recycled. 

1. 7.2 Liquid Treatment Facility 

There is currently no requirement for a liquid treatment facility at the WIPP. However, 
all liquid site derived wastes will be solidified per current WIPP procedures and 
disposed of in the repository. 

1.8 Waste Management 

1.8.1 Radioactive Materials 

Types 

All radioactive waste generated will be designated as "derived" waste. The waste will 
not contain any constituents that would prevent it from meeting the DD-WAC, and will 
be emplaced in the last HWMU. 

Quantities 

The quantities of radioactive mixed waste that will be emplaced into the last HWMU at 
decommissioning of the WIPP facility is expected to be low due to the "start-clean, 
stay-clean" operating philosophy. All contamination events during the life of the facility 
will be controlled and cleaned immediately. 

Dose Rates 

To meet the criteria for contact handled waste, the dose rates must not exceed 200 
millirem per hour (mrem/hr). 

1.8.2 Hazardous Wastes 

Types 

The WIPP facility controls the types and amounts of hazardous materials that are 
brought onto the site. Polychlorinated biphenyls and asbestos are excluded from use 
on the site. This process reduces the potential for hazardous wastes to be generated 
during D&D. 
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The quantities of hazardous waste that will be generated during decommissioning of 
the WIPP facility is expected to be low due to the "start-clean, stay-clean" operating 
philosophy. All contamination events during the life of the facility will be controlled and 
cleaned before further work may continue in the area. 

Disposition 

Hazardous materials will be characterized and dispositioned utilizing the current WIPP 
procedures listed in Attachment 3 of this plan (References 33, 46, 51, 52, 55). 

Packaging - Packaging will meet all applicable requirements. 

On Site Storage - Nonradioactive hazardous materials will be stored in satellite waste 
accumulation areas, and transferred to the staging area in accordance with procedures 
listed in Attachment 3 of this plan. 

Transportation - Nonradioactive hazardous materials will be shipped in accordance 
with procedures listed in Attachment 3 of this plan. 

Disposal - Nonradioactive hazardous materials disposal will be at a permitted 
treatment, storage, or disposal facility. 

1.9 Licensing and Regylatory lssyes 

1.9.1 Regulatory Compliance 

Because of the stringent requirements for managing radioactive materials, the closure 
of the WIPP facility will require longer than the 180 days allowed in the regulations. 
Therefore, an extension to the 180 days must be requested for the closure in the permit 
application. If, for some unforeseen reason, closure cannot be completed within the 
time(s) specified, the DOE will request an extension to the closure time. This request 
will be submitted to the NMED in writing, at least 30 days before the expiration of the 
time allowed in the closure plan, and will describe the reason the extension is needed 
and estimate the amount of additional time needed to complete the closure. During the 
extended closure period, the DOE will continue to demonstrate compliance with 
applicable permit requirements and that all steps will be taken to prevent threats to 
human health and the environment as a result of TRU mixed waste management at the 
WIPP facility. 

No later than the submission of the certification of closure of each hazardous waste 
disposal unit, the owner or operator must submit to the local zoning authority, or the 
authority with jurisdiction over local land use, and to the Regional Administrator, a 
survey plat indicating the location and dimensions of hazardous waste disposal units 
with respect to permanently surveyed benchmarks. This plat must be prepared and 
certified by a professional land surveyor. The plat filed with the local zoning authority, 
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or the authority with jurisdiction over local land use, must contain a note, prominently 
displayed, which states the owner's or operator's obligation to restrict disturbance of 
the hazardous waste disposal unit in accordance with the applicable regulations. 

The Final Safety Analysis Report will require modification to meet the requirements of 
the Consultation and Cooperation agreement between the State of New Mexico and the 
U. S. Department of Energy. 

A WIPP specific closure and post closure NEPA document will be developed prior to 
initiating the final closure phase. 

1.9.2 Permit Modjficatjons 

Current Facility Status 

The facility is currently awaiting authorization to receive TRU mixed waste for disposal. 

Permit modifications may be necessary for decommissioning. Direction on this subject 
can be found in 40 CFR 270.41, 270.42, and 270.43. 

40 CFR §270.41 Modification or Revocation and Reissuance of Permits, §270.42 
Permit Modification at the request of the Permittee, and §270.43 Termination of 
Permits, are detailed in the Code of Federal Regulations. 

Revisions to the FSAR will be required to incorporate the D&D changes in work sco.pe, 
direction, organization, etc. 

Development of an appropriate NEPA document, possibly a supplemental 
environmental impact statement will be necessary to address environmental changes 
resulting from substantial changes in the WIPP mission. 

Prevention of Criticality 

Adherence to the waste acceptance criteria for waste received at the site and for 
derived waste will assure that criticality is not an issue during the decontamination and 
decommissioning phase. 

Release Prevention 

Maintenance of the negative pressure in the waste handling areas and adherence to 
the applicable procedures will prevent the release of contaminants. 

Decommissioning Activities Safety Analysis 

DOE Order 5480.21, Unreviewed Safety Questions, Section 10, Program 
Requirements, requires that a contractor authorized to operate DOE nuclear facilities 
shall perform safety evaluations for all changes in facility and procedures as described 
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in the existing safety analyses and tests or experiments not described in the existing 
safety analyses. 

Decommissioning is described in the Final Safety Analysis Report (FSAR), and this 
plan does not change the facility or procedures beyond that described in the FSAR. 

The need for a decommissioning adivities safety analysis will be evaluated prior to 
initiation of the decontamination and decommissioning plan. If a safety analysis is 
required for decommissioning activities, it will be documented through the FSAR 
update. 

Changes to Operational Safety Requirements (OSR) 

Decommissioning of WIPP is not expeded to require a change in operational safety 
requirements. The requirements will need to be individually inactivated (as an 
unresolved safety question) as each of those systems covered by the OSRs are 
removed from service. 

1.9.3 Residual Radioactjvjty 

Post-Decommissioning Radiation Survey Program 

Following decontamination (which will ensure the removal of waste residues at 
background levels) and decommissioning of the WIPP site, there will be no need for a 
radiation survey program. This may change in the final version of the Post-Closure 
Monitoring Plan. 

Certification Requirements 

Certification of post-decommissioning radiation levels will be provided in the post
closure notification to the State of New Mexico. 

1.1 O Records Djsposjtion 

Quality records generated during the decommissioning process will be identified on the 
decontamination and decommissioning sedion records inventory and disposition 
schedule. Following review of the records by cognizant personnel the records will be 
transmitted to Project Record Services. 

A copy of records of waste disposal locations and quantities specified under 40 CFR 
§264.73(b)(2) will be submitted to the regional administrator and local land authority 
within 60 days of closure of the facility. 
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These documents are required to support the overall decommissioning program. This 
section provides a brief overview of the documents and document control numbers. 
Several of these documents will also address the requirements of the long-term 
protection plan for acceptable cleanup levels, sampling and analysis plans, and QA/QC 
specifications. 

The documents listed below that are designated as "currently in place" are reviewed 
and updated periodically to ensure correctness with the current facility configuration 
and operational status. 

2.1 Detailed Implementation Plan 

A detailed implementation plan is not credible at this time for the completion of the 
decommissioning of the Waste Isolation Pilot Plant. Processes that are in current use 
and will be utilized for decontamination and decommissioning are detailed in 
procedures that are currently in place. New systems that are procured for the 
decontamination and/or decommissioning will require separate process specific 
procedures for operation. Prior to final waste emplacement a detailed implementation 
plan will be developed. 

2.2 Engineering Plan 

Procedures are currently in place which will direct engineering activities during the 
decommissioning process and are listed in Attachment 3 of this plan (References 58-
70). 

2.3 Cost. Schedule. and Fjnancjng Plan 

Procedures are currently in place for financial aspects of decommissioning and are 
listed in Attachment 3 of this plan {References 86, 87). 

At this date cost and schedule estimates are of little true value in predicting the actual 
numbers and timelines for 28 years in the future. A conceptual cost estimate is 
available from the Waste Isolation Division Long-Term Regulatory Compliance Group. 
A cost, schedule, and budget will be developed prior to final waste emplacement. 

2.4 Solid Waste Management Unit Closure Plan 

A plan will be developed for closure of the solid waste management units. The plan will 
be developed to accomplish the closures of the separate SWMUs in accordance with 
applicable regulations. 
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Procedures are currently in place to ensure the health and safety of workers and the 
public. These procedures are listed in Attachment 3 of this plan (Reference 72). 

2.6 Quality Assurance Plan 

Procedures are currently in place in to meet the requirements of DOE Order 5700.6C. 
These procedures are listed in Attachment 3 of this plan (Reference 82). 

10 CFR 830.120 is implemented through DOE Order 5700.6C. 

2. 7 Emergency Plan 

Emergency procedures are currently in place. These procedures are listed in 
Attachment 3 of this plan (Reference 76). 

2.8 Environmental Report/NEPA Documentation 

Procedures are currently in place for environmental reporting and NEPA documentation 
and are listed in Attachment 3 of this plan (References 47, 48, 50). 

2.9 Radiological Protection Plan 

Policies are currently in place for assuring that worker exposures to radiological and 
chemical hazards are kept low. These policies are listed in Attachment 3 of this plan 
(References 72, 73, 81 ). 

2.10 Physjcal Security Plan 

Procedures are currently in place for physical security. These Procedures are listed in 
Attachment 3 of this plan (Reference 71 ). 

2.11 Environmental Monitoring Plan 

Procedures are currently in place for environmental monitoring and are listed in 
Attachment 3 of this plan (References 44, 45, 52, 53}. 

2.12 Supplemental Environmental Impact Statement 

Development of a Supplemental Environmental Impact Statement will be necessary to 
address environmental issues resulting from substantial changes in the WIPP mission. 
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WIPP RCRA Part B Pennit Application 
DOEIWIPP 91-005 
Revision 5.2 

waste, as well as the implementation of institutional controls to limit access, the !mP:ft.Rli~iPO 
d.ft:::a§$jijjfifiSfititi6fiifridrift6.l§eFSGtien ef er:n:ianent markeFS and the Ion -term. monitorin to 
;.;.;.;.;.Jl.;.;.;.;.;.;.;.;.;.;-;.,;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.;.:·:·:·:·:·:·:·:·:·:·:·:·:•:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:•:·:•:•:•:·:·:·:· p I g g 
assess disposal system performance. Until final closure is complete and has been certified in 
accordance with 20 NMAC 4.1, Subpart V, §264.115, a copy of the approved plan and all 
approved revisions will be on file at the WIPP facility and will be available to the Secretary of the 
NMED or the EPA Region VI Administrator upon request. 

1-1 Closure Plan 

This Closure Plan is prepared in accordance with the requirements of 20 NMAC 4.1, Subpart V, 
Closure and Post-Closure, Use and Management of Containers, and Miscellaneous Units. The 

i,gas a missellanee1:1s aispesal 1:1nit as aefinea in 20 NMAC 4.1, Subpart V, §:B.1¥.Hm 

Following completion of waste emplacement in each underground HWMU, the HWMU will be 
closed. The U.S. Department ef eneFgy (DOE} will seekojjfY::ln§ NMED appFe>1al feF partialgf 
tnj closure of each et the qng~imui~ HWMUs as they ··iiF8"6.8{;1i;ientially fillea with v.•aste. Fcir 
ttie purpose of this Closure .. Pian:· partfalt@q~~ closure is defined as the process of rendering 
HWMUs in the underground repository inactive and closed according to the appFe11ea facility 
Closure Plan. The Closure Plan will-address~~ requirements for future monitoring that are 
deemed necessary for the post-closure period. 

1(. .. continued) 
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Manager, Carlsbad Area Office 
U.S. Department of Energy 
Waste Isolation Pilot Plant 
P. 0. Box 3090 
Carlsbad, New Mexico 88221~1.90 
(505) 234-7300 . · ........ ·.· .. ·. 
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Closure Performance Standard (20 NMAC 4.1. Subpart V. §264.111) 
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9 !2''.:!f¥1::::i~-~-l~~-11~~]jfii~ 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 The facility will be finally closed (i.e., decontaminated and decommissioned} to minimize the 
38 need for continued maintenance. Protection of human health and the environment includes, but 
39 is not limited to: 
40 

41 

42 

43 

44 

45 

46 

47 

• Prevention of any releases that may have adverse effects on human health or the 
environment due to the migration of waste constituents in the groundwater or in the 
subsurface environment. 

• Prevention of any releases that may have adverse effects on human health or the 
environment due to migration of waste constituents in surface water, in wetlands, 
or on the soil surface. 

1-4 01/09196 2:35pm 
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• Prevention of any release that may have adverse effects on human health or the 
2 environment due to migration of waste constituents in the air. 
3 

4 Syrface decentaFRinatien activities 'Nill ensYFe the FeFReval ef waste Fesidyes te levels deten:nined 
5 te be pretective ef hYFRan health and the envirenFRent. The facility is net expected te FeEJYire 
6 extensive decentaFRinatien at clesYFe becaYse any waste spilled er Feleased dYring eperatiens 
7 will be centained and reFRe•1ed iFRFRediately. Selid waste FRanageFRent Ynits (SVIJMU) asseciated 
8 with the repesitery described in Chapter J ef the pen:nit applicatien FRay be &Ybject te clesYFe. 
9 

10 \fi!::::p@IBtfU:M!UfiS!!IIiR!P:r.ll.I:l&Jrface recontouring and reclamation will establish a stable 
11 vegetative cover, and further surface maintenance will not be necessary to protect human health 
12 and the environment. Prior to cessation of active controls, monuments will be emplaced to serve 
13 as long-term site markers to discourage activities that would penetrate the facility or impair the 
14 ability of the salt formation to isolate the waste from the surface environment for at least 10,000 
15 years. The federal government will maintain administrative responsibility for the repository site 
15 in perpetuity and will limit future use of the area. 
17 

18 If, during partialp@ijft! or final f.@iiiil closure activities, unexpected events require modification 
19 of this Closure Pfairdo demonsfrate .. compliance with closure performance standards, a Closure 
20 Plan amendment will be submitted (see Section l-1d[~]). 
21 

22 ~1=1:1(9,;~f~~-~~~~~it~~~~ 
23 

24 

25 

26 

27 
28 

29 

30 

31 

32 

33 

34 

35 99no.; r&n!nsHPY=:::111Hr~n 
36 

37 H~:@~!.)::::J!()~t~l()~*-i::=:~il 
38 

39 The post-closure care period will begin after completion of the facilityfjJ.§Ulln~ closure and will 
40 continue for l~::).'.mll::gr:ni;[!@llf:::el!!li:pfi!ff:!!!!@l!IJ!!if:11l!!B~a6 .. i9ng as the NMED 
41 deterFRines it is necessary te satisfy FegYlatery FeEJYiFeFRents ef 2Q NMAC 4.1, SYbpart V, §§ 
42 294 .117(a)(2)(i) and (ii) and te protect hYFRan health and the en>lirenFRent. The post-closure 
43 care period may be shortened or lengthened at the discretion of the regulatory agency based 
44 on evidence that human health and the environment are being protected or that they are at risk. . 
45 During the post-closure period, the WIPP shall be maintained in a manner that complies with the 
46 environmental performance standards ~l:llJitMl::lfl!i::Rlll.~l!llB!,!l~:I::::@Bll!!l::pmm!I! 
47 !r!ll]llir1=9@~::::1n::::@mn::::1;g~~pplicable te the facility. DYring the first 1 gg years et this peried, 

1-5 01/09196 2:35pm 



WIPP RCRA Part B Pennit Application 
DOE/WIPP 91-005 
Revision 5 .2 

1 the OOe will eR=ipley the astive iAstit1:1tieAal seAtFels EtessFieeEt iA SestieA I 1e(4), as Aesessary. 
2 These insl1:1Ete asti>1ities that R=iay ee EteteFFRineEt nesessary fer seR=iplianse •nith the reet1:1ireR=1ents 
3 ef Title 40 ef the CeEte ef reEteral Reg1:1latiens, Part 191 (40 CrR 191), anEt 40 CrR 298.9. 
4 

5 1-1 b Cles1:1re Requirements 
6 

7 The DOE proposes a sequential ssheEt1:1leptQ~i.i. for the partial closure of individual HWMUs 
8 at the WIPP. Each underground HWMU (pa·R·eifwiil undergo partialpijftij closure asWfln waste 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

. 26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

The DOE will notify the Secretary of the NMED in writing at least 60 days prior to the date on 
which partial anEt final closure activities are scheduled to begin. Partial sles1:1re is EtefineEt in 
20 NMAC 4 .1, 81:::1epart I, §290.10, as the sles1:::1re ef a fasility that sentains ether astive i.vaste 
R=1anageR=1ent 1:::1nits. At the WIPP, partial sles1:::1re is the pF9Gess ef renEtering a part ef the 
1:::1nEtergr01:::1nEt repesitery inasti'1e anEt sleseEt asserEting te the appFeveEt l=IVVMY partial sles1:1re 
plan. Partial oles1:1re will ee sensiEtereEt seR=iplete when the panel oles1:1re systeR=i is eR=iplaseEt 
anEt eperatienal, when that l=IVVMY anEt relateEt eet1:1ipR=1ent aAEt str1:1st1:1res have seen 
EteoentaR=iinateEt (if nesessary), ane when the NMl!!O has appFeveEt the sles1:1re. 

The panel oles1:1re systeR=i installeEt will oensist ef a rigie oensrete pl1:1g ane gre1:1ting as neeeee 
te restrist air flew thre1:::1gh the Etist1:::1r9ee reek zene ane at the sles1:::1re iAterfase. i;::'inal oles1:::1re 
R=iay inol1:::1ee installatien ef aeeitienal oles1:::1re systeR=is te iselate waste Etispesal areas freR=I ether 
parts ef the R=iine anEt eR=iplaseR=ient ef shaft ane eerehele seals. 

l-1c Maximum Waste Inventory 

The WIPP will receive no more than 6.2 million cubic feet (f.~11 (0.179 R=iillienl'Zl~B:P cubic meters 
[m~]) of eentast hanelee (Cl=I) ane reR=iete hanelee (Rl=I) tFiii:is1:::1ranis (TRUfmixed.waste. Assess 
erifts, FeeR=is, anEt panels are exoavateeEx¢1¥afldnidil:::mlrii.d as needed during operations to 
maintain a reserve of disposal FeeR=islriii$'.. fhe.iimol:infofwaste placed in each room is limited 
by structural and physical consideraHorl"s of equipment and design. Waste volumes include 
waste received from off-site generator locations as well as derived waste from disposal and 

1-6 01/09196 2:35pm 
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13 The Disposal Phase for the WIPP facility R=tay e>Etene ferj,Ui@lllH!Ili,lll.llrl a period of 
14 25 years after tl:ie sate ef§ni.ilai!il!D.i the first receipt of fROwaste afthe WIJ=>p facility inl 
15 followed by a period i!l!Hi.!i!!j:lljjjjjjjj§an::::::m;:~!!l§ef YP te 1g years for decontamination: 
16 decommissioning, and final closure. Assuming the first B.i receipt occurs in June 1998, the 
11 Disposal Phase may extend until 2023, and so the Jllife")(.pected year of final closure of the 
18 WIPP facility (i.e., date of final closure certification) would be 2033. If, as is currently projected, 
19 the WIPP facility is dismantled at closure, all surface and subsurface facilities (except the hot cell 
20 portion of the WHB, which will remain as an artifact of the Permanent Marker System [PMS]) will 
21 be disassembled and either salvaged or disposed 4::::-.g::::ll[!!Blilll!:jjjf.i.i.li!I!· 
22 In addition, asphalt and crushed caliche that was used for paving will be removed, and the area 
23 will be recontoured and revegetated in accordance with a land management plan. A detailed 
24 closure schedule will be submitted in writing to the Secretary of the NMED, along with the 
25 notification of closure. Throughout the closure period, all necessary steps will be taken to 
26 prevent threats to human health and the environment in compliance with all applicable Resource 
21 Conservation and Recovery Act (RCRA) permit requirements. Figure I 1 [i'~' presents aftiii!li.fif 
28 !~~!m!!~M?fi!! final f!9!1.i closure schedule fer tl:ie fasility. ....... .. .................. . 
29 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

iahc~i:yc~e~~~:~o~:~~lli!!!'!~~o;r~~i~~~!~!!~!!:~~'!l!!~!!~~!!!!,~~~!!!!~;y~f~~~ 
decommissioning of radioactively contaminated facilities. These required activities include 
extensive radiological contamination surveys and hazardous constituent surveys via the principle 
of co-detection. Surveys will be performed at all areas of the WIPP site. These surveys, along 
with historical radiological survey records, will provide the basis for release of structures, 
equipment, and components for disposal or decontamination for release off site. Specifications 
will be developed for each structure to be removed. A cost benefit analysis will be needed to 
evaluate decontamination options if extensive decontamination is necessary. Individual 
equipment surveys, structure surveys, and debris surveys will be required prior to disposition. 
Size-reduction techniques may be required to dispose of mixed or radioactive waste at the WIPP 
site. Current DOE policy, as reflected in the WIPP facility Safety Analysis Report (f.iSAR), 
requires the preparation of a 11@1 decommissioning and decontamination (D&D} plan immediately 
prior to final fill.Ii closure. In this way, the specific conditions of the facility at the time D&D 
is initiated wili"be .. addressed. Section l-1e(2) provides a more detailed discussion ofl!lli!IS!ll 
closure activities. 
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P*lt\IR:HH-+-t:lfH:lH-.!Hn'te¥t1~ ... ';,::imQ.tf:mJ.8f::- the schedule for the eat'Hi:it~fSY-FS-li*i:IH-FW'llYH::i-eaHe+ 
anel fer final facility closured5I98l;jF8.wlii' 69nsist tlil!liri.9. of decontamination, as needed, of the 
TRU waste-handling equipment, and of the abovegioi.md equipment and facilities~fffi~ltiaiiig 
P:l9~§t~B::Pf:::::!1t'!!iil!Mf:IHl[@l.i!!Em!i!!A!l!:!i:i::m1t:ihl'.U:~p!#:'i!i::n!Yla!::i::::~gs; disposal of 

~~~~~!a~i(ij'=iu~Biti!l~:i;J-!ll!i'!~:!!~!!f!1':1~:~t~~~~n:C::i~~a~~~l~~~f:a~ 
pessible eR=iplaGeR=ient ef 6Fl:lsheel salt fill in aGGess elFifts anel installation of repository shaft seals. 

1-9 01/11196 1:49pm 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

WIPP RCRA Part B Pennit Application 
DOEJWIPP 91-005 
Revision 5.2 

I 1 d(2)!1~!f'=(I)!: Amendment of the Closure Plan 

If it becomes necessary to amend the Closure Plan for the WIPP facility, the DOE will submit, 
in accordance with 20 NMAC 4.1, Subpart IX, §270.42, a written notification of or request for a 
permit modification describing any change in operation or facility design that affects the Closure 
Plan. The written notification or request will include a copy of the amended Closure Plan for 
approval by the NMED. The DOE will submit a written notification of or request for a permit 
modification to authorize a change in the approved plan, if: 

• There are changes in operating plans or in the waste management unit facility 
design that affect the Closure Plan 

• There is a change in the expected year of closure 

• Unexpected events occur during partialpiffl or final f.@1111 closure that require 
modification of the approved Closure Plan........ .. ............. . 

30 • Changes in state or federal laws affect the Closure Plan. 
31 

32 The DOE will submit a written request for a permit modification with a copy of the amended 
33 Closure Plan at least 60 days prior to the proposed change in facility design or operation or 
34 within 60 days of the occurrence of an unexpected event that affects the Closure Plan. If the 
35 unexpected event occurs during final closure, the permit modification will be requested within 
36 30 days of the occurrence. If the Secretary of the NMED requests a modification of the Closure 
31 Plan, a plan modified in accordance with the request will be submitted within 60 days of 
38 notification or within 30 days, if the change in facility condition occurs during final closure. 
39 

40 1-1 e Closure Activities 
41 

42 

43 

44 

45 

46 

47 

Closure activities include those instituted for ijt@Jpartial closure (i.e., closure of filled 

llll411rlm1;;:;~111111111111tT!~'"\~~?lil"'!~:~~!::::~~·!!:~:~~!~! 
HWMUs, D&D of surface facilities and the areas surrounding the WHB, and placement of 
repository shaft seals). Other seals designed to limit tl:le inflow of groyndwater from formations 
above tl:le fasility level Yntil tl:le l:lost rosk ensapsYlates tl:le waste by sonselidation will also be 
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1 installee as part ef the final fasility slesblFB. Panel closure systems will be emplaced to separate 
2 areas of the facility and to isolate panels. Appendices 11 and 12 provide propesee panel closure 
3 system and shaft seal designs. All 11.Q~Uml activities blneertaken eblFing partial er final slesblFB 
4 will meet the applicable quality assurarl"ce .. (OA)/quality control (QC) program standards in place 
5 at the WIPP facility. Facility monitoring procedures in place during operations will remain in 
6 place through final closure, as applicable. 
7 

8 l-1e(1) Panel Closure(Partial Fasility ClesblFB~ 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

Waste will be eispesee ef in se'len roems ane assess erifts that make blp an M'lt/MU. Following 
completion of waste emplacement in each l.Bif.9.tliil HWMU-paREM, ~@Pi!i.l.li.M ventilation 
will be established in the next panel to be ... usecr:··~ind .. the panel contalrll.ng .. the .. waste will be 
closed. A panel closure system will be emplaced in the panel access drifts, ii.M@9¢.9.miO.~#iHmlti. 

::::::::::::::ltllldl(litl11111-11••11ti?ll1111111a::emn~ 

i::Jr:11~lll~qllllllllmlfl••l1lllllllllij::::::~rn@ 

t::::::::,:1;::1111:::11,mrj:::1~1m:::11'=1,:::aa11:J1::~n!!t11i::111enrnm11M~t1':'am11n1 
ef':!:::::a11'=1t!1t:mm!11n1:::1"meimn 

t:]::::~n!:::t111a11:::eamtiini!::mt'¥:1:::1@:::19!41::::1¥111::::1,:::g:::11m 

e::1Jm~t~!i!ag:::1g1:::11::~11:::11111:i#.liliir1:::1n1m:::1111ma:::n11:::~m11::::111a::m1Em:!1 
~~rH~:::P:~~~:':~st'sin!t!J.!1:::'1~!P~~t::nmt9n!J.:::~1!mn:::1n:::11-!em::;111om!). 

::,::1::11ta11o]im1:::99omg11::::101m:111a::sqBl!en1:::110111i111111 

:::::::::i1tt1•t~H:::111r11:::11111::::~1:::~1~1::::1114~11:::r.11:::a:::mm:::=agr.1m1e:::: 

e':::rn~11111t1\:::11111g:::wem11111m1111:::1111:::1m1!1am1::::mirenm1:\:\1m1Msn11=B 

1::1:::::m11•:::1:::11qg1::::1:::~11:::m1if1:::1111:::1U11:::11::::mmgr,t1::::1rf:~11:::9•1 
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~ff:::im11mt::aersafa1ua1a.1i11111:~:fi1111m1m1 

i::}ilTi•l•?m•1r.1••lll1.li\llll111:'111'::g 

The ~esign for the ~panel closure system calls for a nmiB.I panel barrier 
system consisting of a rigid concrete plug with selestea pFessYr:e gFeYtii:l.il~~lliillit!llV:@l of 
the disturbed rock zone (DRZ), ~f!§IID.ifii!tt~!m91911!1fil.litliD:::@t!i!li!ilfmil!li@n~f:ilit!!o: 
W•l'I. The design basis for this closure is such that the migration of hazardous waste constituents 
from closed panels during the operational and closure period would result in concentrations well 
below health-based standards. The senseptYal design basis assyr;iea er;iissiensgi@ltiill 

em~ptflr@I!::::m::::l!i!Bl#.l!O'.~P~t@~ 09. Due to the relatively small amount of RH waste 
(approximately 5 percent of the total waste volume), voe emissions from RH waste are 
assumed to contribute insignificantly to total voe emissions. Analysis Jlfi!IJ.IHlf!IllAa& 
showRS that emissions result in voe concentrations at the site boundary afleasftw"o orders of 
magnitude (100 times) below health-based limits; therefore, an adequate margin of safety also 
exists for potential RH waste voe emissions. Tf:iis de~iil!imllHllii!~iBBIIit:JMttmlll: 
stibditd)This aesign is nesessary te r;ieet the ePA's inter:pratatien ef the r:e~Yir:er;ients ef <IQ 
CFR·§·2·68.e te ensur:e that ther:e is ne r;iigratien ef hazai:Qeus senstit1::19nts b9yena the unit 
beundary in 8X68&& ef health based le•1els established by the el2A. 

Figure~U:ff§:::jgg::m§l-3 shows a senseptual diagram of the pFepesea paFtiali.i§I closure design 
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ll~llll••~•:::l4me~n•:::m11111i1mv!•1:::r1,1:::liilfi::1::m1P:Atu1 

l-1e(2) Decontamination and Decommissioning 

11 iilill~x::J!* 
18 

19 

20 

21 

22 

23 
24 The objective of D&D activities at the WIPP facility is to return the surface to as close to the 
25 preconstruction condition as reasonably possible, while protecting the health and safety of the 
26 public and the environment. D&D activities are discussed in the "Conceptual Decontamination 
21 and Decommissioning Plan for the Waste Isolation Pilot Plant" (DOE, claR1::1ary 1995@). Major 
28 activities planned to accomplish this objective include, but are not limited to the following: 
29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

1. Review of operational records for historical information on releases 

2. Visual examination of surface structures for evidence of spills or releases 

3. Performance of site contamination surveys 

• MaiRteRaRse of J:JSFSORRel e>Epos1:1re to raaiatioR le'lels as lo1J.' as reasoRably 
ashie'lable 

4. Decontamination, if necessary, of usable equipment, materials, and structures 
including surface facilities and areas surrounding the WHB. 

5. Disposal of equipment/materials that cannot be decontaminated but that meet 
waste acceptance criteria in an HWMU 

6. Dismantling of surface facilities 

7. Dismantling of underground facilities at the time the panels are closed 
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8. Emplacement of final panel closure system 

9. 

10. Emplacement of shaft seals 
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• Remei.•al ef Ytility featYres {e.g., eleGtrisity, telept:ieRe liRes) am~ assess ways 
{e.g., Failroad spYFS, roads), as r-eu;;iyired 

11. Regrading the surface to approximately original contours. 

12. 

43 2Recent studies have shown that er:wsl:leEI salt fill has negligible benefits for minimizing subsidence. 
44 Consequently, this function has been deleted from the WIPP base design. Such fills may, however, have 
45 long-term benefits and may prove to be desirable in the future. If tiE.@~s~el:l is tl:le ease, they will be 
46 included in future revisions of the Closure Plan. ·················· 
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4 desentaFRination will ee pFeseded ey extensive detailed contamination surveys WJ.![H!!@iff.911.i@: 
5 to document the level of cleanliness for all surface structures and equipment. If equipment or 
s areas are identified as contaminated, a plan and procedures will be developed and implemented 
1 to address decontamination-related questions, including: 
8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 

25 

• Should the component be decontaminated or disposed of as waste? 

• What is the most cost-effective method of decontaminating the component? 

• Will the decontamination procedures adequately contain the contamination? 

2s This sestion pro'lides a general dessription of these presedYFes. 
27 

28 Health and Safety 
29 

30 BefeFe final slosYFe asti'lities eegin, health physiss personnel 'Nill sondYst a hazards SYPley of 
31 the Ynit(s) eeing slosed. A Felease of radionYslides soYld also indisate a Felease of hazardoYs 
32 sonditions, in assordanse 'Nith so detestion prinsiples. If radionYslides aFe not detested, 
33 saFRpling for hazardoYs sonstitYents FRay still ee perfeFFRed as needed. The pYrpose of the 
34 hazards SYP1ey will ee to identify potential sontaFRination sonserns that FRay pFesent hazards to 
35 •.vorkers dYring the slosYFe asti•Jities and to spesify any sontrel FReasYFes nesessary to FedYse 
36 'A'orker risk. This SYPley 1Nill pre'lide the infeFFRation nesessary fer the health physiss personnel 
37 to identify 1.¥orker E1Yalifisations, personal protesti'le eE1YipFRent (PPli), safety awaFeness, 'w\'ork 
38 peFFRits, e>EposYre sontrel prograFRs, and eFRergensy soordination that will ee FeE!YiFed to perfoFFR 
39 slosYFe. 
40 

41 Oiseosal or OesontaFRination of eaYieFRent. StFYstYres. and Soils 
42 

44 

45 

46 

47 
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15 The "Start Clean-Stay Clean" operating philosophy of the WIPP Project will provide for 
16 minimum opport1:1nitiesg@~ for decontamination. However, the need for decontamination 
11 techniques may arise. ····•·•····· 

18 

19 If r=aeioactive contaFRination is eetectee on e~1:1ipFRent, in stF1:1ct1:1Fes, or in the air, it will be 
20 ass1:1FF1e8 that hazarao1:1s constit1:1ents FRay be pFesent also. Co eetection FRethoes (see 
21 Appenei>< 13, Co Detection of Mazarao1:1s ans Raeioactive VVaste Releases) 'Nill be 1:1sed as a 
22 detection FRethod to deteFFRine when decontaFRination is Fe~l:liFed. Radiological clean1:1p 
23 standards will be 1:1sed to deteFFRine the effecti11eness of decontaFRination efforts. \l\lhen the area 
24 is eeteFFRined to be r=adiologically clean, standara FRethods (e.g., S'A' 849) FRay be 1:1see to 
25 eeterFRine •JJhether or not any hazarao1:1s constit1:1ents FeFRain. 
26 

21 Decontamination activities will be coordinated with closure activities so that areas that have been 
28 decontaminated will not be recontaminated. All waste resulting from decontamination activities 
29 will be surveyed and analyzed for the presence of contaminants. The waste will be characterized 
30 as hazardous, mixed, or radioactive and will be packaged and handled appropriately. Mixed and 
31 radioactive waste will be classified as TRU mixed waste managed in accordance with the 
32 applicable DOE Order(s) in place at the time of closure. Derived mixed waste collected during 
33 decontamination activities that are generated before repository shafts have been sealed will be 
34 emplaced in the facility, if appropriate, or will be managed together with decontamination derived 
35 waste collected after the underground is closed. This waste will be classified and shipped off site 
36 to an appropriate, permitted facility for treatment, if necessary, and for disposal. 
37 
38 Removal of Hazardous Waste Residues 
39 

40 Because of the type of waste management activities that will occur at the WIPP facility, waste 
41 residues that may be encountered during the operation of the facility and at closure may include 
42 derived waste. Derived wastes result from the management of the waste containers or may be 
43 collected as part of the closure activities (such as those during which wipes were used to sample 
44 the containers and equipment for potential radioactive contamination or those involving solidified 
45 decontamination solutions, the handling of equipment designated for disposal, and the handling 
46 of residues collected as a result of spill cleanup). Derived wastes collected during the operation 
47 and closure of the WIPP facility will be identified and managed as TRU mixed wastes. These 
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wastes will be disposed of in the open-disposal HWMU. D&D derived wastes and equipment 
2 designated for disposal will be placed in the last HWMU panel before closure of that unit. 
3 

4 'JVaste l=faREtliRa iYilEtiRa~iifi'.f:~~~::~~rj~"~::~~t.tfg~?~~~ 
5 

6 The procedures employed for waste receipt at the WIPP facility allow no opportunity for any 
1 waste spillage to occur outside the WHB. TRU mixed waste is shipped to the WIPP facility in 
8 approved shipping containers (e.g., TRUPACT-lls or shielded road casks) that are not opened 
9 until they are inside the WHB. Therefore, no soil UJ:!!lilllilfl~llI@ll:l:l:li- in the vicinity 

10 of the WHB will become contaminated with TRU mixed waste constituents as a result of TRU 
11 mixed waste management activities, and an evaluation of the soils in the vicinity of the WHB is 
12 unnecessary. 
13 

14 The "Start Clean-Stay Clean" operating philosophy of the WIPP Project will minimize the need 
15 for decontamination of the WHB during decommissioning and closure. Procedures for opening 
16 shipping containers in the WHB limit the opportunity for waste spillage. 
17 

18 Should the need for decontamination of the WHB arise, the following methods may be employed, 
19 as appropriate, for the hazardous constituent/contaminant type and extent: 
20 

21 • Chemical cleaning (e.g., water, mild detergent cleanser, and polyvinyl alcohol) 
22 

23 • Nonchemical cleaning (e.g., sandblasting, grinding, high-pressure water spray, 
24 scabbier pistons and needle scalers, ice-blast technology, dry-ice blasting) 
25 

. 26 • Removal of contaminated components such as pipe and ductwork. 
27 

28 Waste generated as a result of WHB decontamination activities will be managed as derived 
29 waste in accordance with applicable permit requirements and will be emplaced in the last open 
30 HWMU for disposal. 
31 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
45 

46 

47 

Personnel Decontamination 

PPE worn by personnel performing closure activities in areas determined to be contaminated will 
be disposed of appropriately. Disposable PPE used in such areas will be placed into containers 
and managed as TRU mixed waste. Non-disposable PPE will be decontaminated, if possible. 
Non-disposable PPE that cannot be decontaminated will be n:ianaged as TRU mixed waste. 
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In accordance with DOE policy, TRU mixed waste PPE will be considered to be contaminated 
with all of the hazardous waste constituents contained in the containers that have been managed 
within the unit being closed. Wastes collected as a result of closure activities and that may be 
contaminated with radioactive and hazardous constituents will be considered TRU mixed wastes. 
These wastes will be managed as derived wastes, as described in Chapter D$illln:tlf 
:~:l,@(i).(@).~: Such waste, collected as the result of closure of the WIPP facility, will be"disp·c;5·9a 
ofln.aR.tfi!:::TI@!I open HWMU. 

¥.!Hmww.mm.111: 

Iii 

21 Final Closure~fi.O.iiiiDI!. Sampling and Quality Assurance 
22 

23 Verification samples will be analyzed by an approved laboratory that has been qualified by the 
24 DOE according to a written program with strict criteria. The QA requirements of EPA/SW-846, 
25 "Test Methods for Evaluating Solid Waste," will be met for hazardous constituent sampling and 
26 analyses. 
27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 
45 

·46 

Quality Assurance/Quality Control 

Because decisions about closure activities may be based, in part, on analyses of potentially 
contaminated surfaces and media, a program to ensure reliability of analytical data is essential. 
Data reliability will be ensured by following a QA/QC program that mandates adequate precision 
and accuracy of laboratory analyses. Field documentation will be used to document the 
conditions under which each sample is collected. The documented QA/QC program in place at 
the WIPP facility meets DOE QA requirements. 

Field blanks and duplicate samples will be collected in the field to determine potential errors 
introduced in the data from sample collection and handling activities. To determine the potential 
for cross-contamination, rinsate blanks (consisting of rinsate from decontaminated sampling 
equipment) will be collected and analyzed. At least one rinsate blank will be collected for every 
20 field samples. Duplicate samples will be collected at a frequency of one duplicate sample for 
every ten field samples. In no case will less than one rinsate blank or duplicate sample be 
collected for a field-sampling effort. These blank and duplicate samples will be identified and 
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treated as separate samples. Acceptance criteria for QA/QC hazardous constituent sample 
2 analyses will be compatible with the most recent version of EPA SW-846 or other applicable EPA 
3 guidance. 
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21 The proposed shaft seali,'eP.P'=!lgj§jf:@!iill system design will prevent water from entering the 
22 repository and will preverifg.ases .. or .. brfrl"es· from migrating out of the repository. The proposed 
23 design includes the following subsystems and associated principal functions: 
24 

25 • Near-surface: to prevent subsidence at and around the shafts 
26 

27 

28 

29 

30 

31 

32 

33 

• Rustler Formation: to prevent subsidence at and around the shafts and to ensure 
compliance with federal and State of New Mexico groundwater protection 
requirements 

• Salado Formation: to prevent transporting hazardous waste constituents from the 
WIPP repository beyond the unit boundary. 

34 The shaft clesur:eleahr,epOSftg;y.j~~~ED system will consist of natural and engineered barriers 
35 within the WIPP repository ttiat ·wlli withstand forces expected to be present because of rock 
36 creep, hydraulic pressure, and probable collapses in the repository and will meet the closure 
37 requirements of 20 NMAC 4.1, Subpart V. Appendix 12 presents the ~Pl~it4.w;:;:~-.1.Ai 
38 system design basis and performance evaluations. . ................................. . 
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4 l-1e(3) Closure. Monuments. and Records 
5 

6 A record of the WIPP Project shall be listed in the public domain in accordance with the 
1 requirements of 20 NMAC 4.1, Subpart V, §264.116. Active access controls will be employed 
8 for l~!Hll~ the first 100 years after fmiUfiili closure. In addition, a passive control system 
9 consl"stlng .. of monuments or markers"""shaif6e"e"rected at the site to inform future generations of 

10 the location of the WIPP repository (see "Permanent Marker Conceptual Design Report" [March 

11 ~~::::1:1111). 
12 

13 Closure of the WIPP facility will !l§lllf:1:1l§assamplish the following: 
14 

15 • Prevention of the intrusion of fluids into the repository by sealing the shafts 
16 

11 • Prevention of human intrusion after closure 
18 

19 • Minimization of future physical and environmental surveillance. 
20 

21 Detailed records shall be filed with local, state, and federal government agencies to ensure that 
22 the location of the WIPP facility is easily determined and that appropriate notifications and 
23 restrictions are given to anyone who applies to drill in the area. This information, together with 
24 land survey data, will be on record with the U.S. Geological Survey and other agencies. The 
25 federal government will maintain permanent administrative authority over those aspects of land 
26 management assigned by law. !i~fl.~!'':gr::=:pqMlt9:'-!!1HBf:Wl!li!ii.riU!Uliml!Mtii: 
27 

28 Acti'le Assess Centrals 
29 

30 Assess to the site of the Fepasitory's s1::1rfase feotpr:int will ee santrellee ey the DOE: er other 
31 feeeral government entities fer as long as practisaele ane at least fer a 100 year periae. Cantrel 
32 of assess will pF8sl1::1ee the inae•1ertent intr1::1sion into the eisposee waste ey eeep er:illing or 
33 mining nat1::1ral reso1::1rces. Many of these santrels will ee initiatee e1::1Fing the eisposal phase ta 
34 estaelish eataeases ane aFS plannee to sontin1::1e after site str1::1ct1::1Fes aFS remavee ane after the 
35 lane eist1::1reee ey WIPP activities is Fet1::1rnee to a staele esologisal state. Assess sentrels 'l.'•'ill 
36 ee implementee fer the 120 asFSs (as) (4 8.6 hectaFSs (ha)) of lane aver the waste eispasal site, 
37 rather than the entiFS 10,240 as (4,143.1 ha) area 1::1neerthe DOe's aeministrati>1e santrel 1::1neer 
38 the Lane '/\Jitherav.•al Act of 1 QQ2. 
39 

40 Assess sontrels will insl1::1ee the fellowing: 
41 

42 

43 

44 

45 

46 

• A fo1::1r strane wiFS tense with thFSe eareee stranes are1::1ne the s1::1rfase area aeave 
the Fepasitary featpr:int with gates mie way an all fo1::1r siees, s1::1rre1::1neee ey a pa>1ee 
reaeway ta fasilitate inspection, maintenanse, ane vis1::1al s1::1F\1eillanse. The tense 
will ee pastee with signs ha>1ing as a minim1::1m a legene reaeing 
"Danger Una1::1thari2ee Personnel Keep 01::1t" in eath english ane Spanish. The 
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sigRs will ee legiele fl:eFR a distaRse of at least 25 feet (7.6 FR). These sigRs 'Nill ee 
plased oR all gates aRd at least every 3QQ feet (Q1 .5 FR). 

• Re1:1tiRe periodis patrels tFSiRed iR ses1:1rity s1:1rveillaRse aRd iRvestigatioR will 
s0Rd1:1st iRspestioRs at the site. MitigatiRg astioRs will ee taken to aelelFess 
aeRoFFRal e11eRtS ielentifieel ell:lriRg iRSpestiORS. 

• The PMS 'Nill ee testeel, aRel aRy applisaele loRg teFFR FRoRitoriRg will ee iRitiateel. 

• ResoFEls will ee plaseel iR aFGhives aRel lanel FesoFel systeFRs of losal, state, aRel 
fedeFSI goveFRFRents anel iR iRteFRatioRal aFGhives that wo1:1ld likely ee sons1:1lted ey 
iRdiviel1:1als iR seaFGh of 1:1nexploiteel FRiReFSI Feso1:1Fses. Deeel FestristioRs will ea 
iFRposeel oR •11ithelFSWR laRel to liFRit fl:lt1:1Fe lanel 1:1se to RoniRtFl:lsive astivities. These 
astivities so1:1lel iRsl1:1de gFSziRg, h1:1ntiRg, anel otheF p1:1elis FesFeatioRal 1:1ses. 

16 Shaft bosatioR MarkeFS 
17 

18 The soRtrelled aFea will ee ielentified ey these passi11e instit1:1ti0Ral soRtrels. MaFkeFS showiRg 
19 the losations of shafts will sonsist of peFFRaReRt s1:1rveyoF FRarkiRgs eRgFSveel with the site 
20 elevatioR aRel sooFEliRates. The FRarkeFS will ea fiFFRly aRshoFeel to the shaft pl1:1g aRd will also 
21 soRtain site elessriptioR, elate of slos1:1Fe, lanel s1:1rvey elata, aRel otheF iRfoFFRation FeE:fl:liFed ey 
22 applisaele Feg1:1lati0Rs. A 1:1RifoFFR systeFR of sooFeliRates 'Nill ee aelopteel. The elefiRitioRs of these 
23 sooFEliRates will ee iRsl1:1eleel in the peFFRaRent FesoFels. 
24 

25 PerFRaReRt Marker SvsteFR 
26 

21 A PMS elesigReel to FRiRiFRize the possieility of iRaelverteRt h1:1FRaR intFl:lsioR into the Fepository 
28 over the loRg teFFR followiRg the sessation of astive soRtrels will ee iFRpleFReRteel at the '.'VIPP 
29 fasility. The PMS will ee soFRpriseel of FRessages, s1:1Ffase FRoR1:1FReRt FRarkeFS, sFRall s1:1es1:1Ffase 
30 waming FRaFkeFS, on site reoFRs foF long teFFR stoFSge of FRessages, aFGhi•1al stoFSge of WIPP 
31 infeFFRation off site, anel laFge earthen stF1:1st1:1Fes FRaFking tl:ie \NIPP Fepositery foetprint en the 
32 s1:1Ffase. Tl:ie PMS is still iR the s0Rsept1:1al elesigR presess aRel will evelve prieF to sles1:1Fe easeel 
33 on astivities to test FRarkeF effestiveRess el1:1riRg elispesal, elesoFRFRissieRiRg, anel asti1o•e assess 
34 sontFOI perioels. Ast1:1al soRstF1:1stion of the PMS will ea seFRpleteel 1 QQ yeaFS follewing sles1:1Fe 
35 of the 'NIPP fasility, "in assoFelanse with '"A'IPP Asti»•e Assess Centrals AfteF Disposal DesigR 
36 Concept Description" (Marsh 1QQ5e). 
37 

38 The PMS 'Nill previele a el1:1Faele Fesorel ef the Fepository's existense, aRel its desigR 1Nill previele 
39 Feascmaele ass1:1Fanse that it will enel1:1re for at least 1 Q,QQQ yeaFS. The systeFR will ea sleariy 
40 visiele fFoFR any pertien ef the Fepesitory's s1:1Ffase foetpriRt. The s1:1FFent PMS design easis 
41 preposeel foF eletailed elesigR soRsists of a laFge eartheR eeFFR eRslesiRg the periFReter ef tl:ie 
42 Fepository's s1:1Ffase foetpriRt. Tl:ie elesigR easis foF the eeFFR is for a FRiRiFR1:1FR wielth of 1 QQ feet 
43 (30 FR) anel a height ef 31 feet (1 Q FR), with a 1.3 horizental to 1.Q vertisal slope. The eeFFR 
44 WOl:llel ee elesigReel te pFevide a elielestris 9F FRagRetiG aROFRaly 'NheR SOFRpaFeel to the lesal 
45 s1:1Ffase shaFSsteristiss. baFge FReRelitl:is wo1:1lel ea arranged j1:1st insiele tl:ie eeFFR. Tl:ie n1:1FReer 
46 of FRonoliths wo1:1lel ea s1:1ffisieRt to allo•1u fl:lt1:1Fe geneFStions to FesoRStFl:lst FRonolith orieRtatien 
47 witl:i seveFal FRoRoliths FRissiRg. An iRfoFFRatioR seRter wo1:1lel ea plaseel at the seRteF of the 
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FReRelitl=ls, aRet tv:e sterage F9eFRS we1,det Be Bl::IFieet aBel::lt 2Q feet (9 FR) Belew tl=le feetpFiRt. Tl=le 
2 PMS seFRpeReRts will Be etesigReet aRet seRstFYsteet te resist eFBsieRal aRd depesitieRal effests. 
3 CeRstFYstien FRateFials will Be selested fer Ei1:1raeility 1:1REier tl=le lesal sliFRatis seREiitiens aREi tl=le 
4 predisted sl=laRges te tl=lese seRditieRs iR tl=le leRg teFFR. 
5 

6 MeR1:1FReRts will Be eRgraved witl=I tl=le FRest sFitisal waFRiRg iRfeFFRatieR iR a seRsise feFFRat, 
1 iRssFiBeet te a FRiRiFRl:IFR eteptl=I ef Q.5 iRsl=les (1.3 seRtiFReters). Mere detaileet iRfeFFRatieR 
8 regardiRg tl=le repesitery seRteRt, sa1:1tieR agaiRst iRtFYsieR, aRd tl=le tiFRe ef eFRplaseFReRt will Be 
9 previded iR pretested va1:1lts B1:1Fied 1:1RetergFB1:1Rd aRd iR a s1:1rfase iRfeFFRatieR seRter. Tl=le 

10 iRfeFFRatieR will Be pF91lided iR FR1:1lti laRg1::1age traRslatieR aRet 'Nill iRsl1:1de aR assertFReRt ef 
11 syFRBels, pistegrapl=ls, aRd diagraFRs te seR'ley daRger ef iRtFYsieR. URiversa1 syFRBels will 
12 eRRaRse tl=le likelil=leed ef l:IRderstaRdiRg BY peeple ef differeRt BaskgF91:1Rds. Te FRiniFRize tl=le 
13 likelil=leed ef fl:lt1:1re salvaging, tl=le FRarkiRg systeFR will 1:1se FRateFials witl=I as little intFiRsis 'lal1:1e 
14 as is reasenaBle. 
15 

16 Sl:IBSl:lrfase FRarkers we1:1ld Be less tl=laR 2 feet (Q.9 FR) iR tl=le lengest etiFReRsieR, FRaete ef iRert 
17 FRateFial, aRet Spased Se tl=lat tl=ley aF9 likely te Be dissevereel BY ElFilliRg SreWS aRet prefessieRal 
18 arsl=laeelegists. Tl=le warniRg FRessage we1:1ld Be engraved se tl=lat sligl=lt eFesieR er fr=ast1:1re ef 
19 tl=le FRarker we1:1IEl Ret r&Reter it SeFRpletely l:IRiRtelligiele. IR aeletitieR, tl=le FRarkers we1:1IEl Be Bl:IFied 
20 at a greater deptl=I tl=laR tl=lat 1:1seEl fer plewiRg/.tilliRg eperatieRs er fer aFRate1:1r arst:iaeelegisal 
21 exsavatien, se tl=lat s1::1sl=I asti•:ities we1:1IEI Be 1:1nlikely te etist1:1r9 tl=leFR. P:1:1rtl=ler Eletails eR tl=le 
22 Sl:iBSl:irfase FRarkers FRay ee eetainee freFR tl=le 'WIPP Astive Assess CeRtF9IS After Dispesal 
23 DesigR CeRsept DessFiptieR" (Marsl=I 1 QQ5B). 
24 

25 VVritteR Reserels 
. 26 

21 WFitteR desYFReRtatieR ef tl=le VVIPP will ee plased iR lesai, state, aRet feeteral agensies. 
28 Des1:1FReRtatieR v:ill alse ee previeled te iRternatieRal eRtities anel seFRFRersial erganizatieRs tl=lat 
29 ast as reseurse infeFFRatieR seRters fer tl=le petreleuFR aRel gas iRdustFies. Reserds will 1::1se tl=le 
30 FRest staBle aRd d1::1raele FRedia availaBle at tl=le tiFRe tl=lat tl=le reserd Elepesits are FRaete. Tl=lese 
31 reserels will elessFiBe tl=le lesatieR ef the repesitery; the Rat1::1re anet hazarEl ef tl:te •,\•aste; tl:te 
32 geelegis, geesl=leFRisal, aREl l=lydrelegis elata pertiReRt te waste sentainFReRt, aRel eRviFBRFReRtal 
33 FReRiteriRg elata fFBFR preeperatienal Baseline aRel Sl::IFRFRaries ef elata sellesteel d1::1FiRg D&D 
34 astivities. Overall reserd selestieR fer sterage at the ageRsies selesteEl 'Nill Be iR asserdanse •1o1itl=I 
35 federal, state, aRd lesal reg1::1latieRs. AppeRdix 14 prevides a pF9peseel list ef etes1::1FRents te Be 
36 arshiveel aRd arsl:tival reserds lesatiens te receive the iRfeFFRatien. 
37 

38 I 1 e(4) Cles1:1re ef Diseesal URits 
39 

40 IR accerdaRse ·.vith 2Q NMAC 4 .1, S1::1B13art V, §294 .118(a), a pest sles1::1re plan will Be prepared 
41 anel s1::1BFRitteel te tl=le NME:D. IR aEIElitieR, tl=le WIPP site will Be FRaintained in a FRanner tl=lat 
42 ceFRplies with 2Q NMAC 4.1, S1::1Bpart V, §194.9Q1, el1::1FiRg tl=le pest sles1::1re sare peFieel. 
43 
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3 The sles1:1F8 pi:eseEi1:1Fes feF the ff\issellaRee1:1s 1:1Rits EiessFibeEi iR SestieR I 1 e will be felleweEi fer 
4 aRy 619Sl:IF8 ef the M\'VMUs. 
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9 1-2 Post-Closure PlanlCentinaent Pest Cles1:1Fe 
10 

11 The post-closure care period begins after completion of closure of the fim:::~llWllJ. unit and 
12 continues t'Ptll't:::~Hil~IiBll!iUfiCl'J!IIP:t~"as Ieng as nesessary ·fo···aatlsfy·· Feg1:1latery 
13 Feq1:1iFSFRerit6 ·riR·~··ie .. JiF9te.6fj:jl;l·FFi·aR .. l=leaitj:j .. aF1(flj:j8 envii:enFRent. The DOE's post-closure care 
14 period is estahlisl=leEI in tl=le '¥/.IPP Astive Assess Centi:els After Dispesal Design Censept 
15 Dessriptien" (Marsl=I 1 QQ5h), altl=le1:1gl=I it may be shortened or lengthened at the discretion of the 
16 NJ!ED.Feg1:1latery agensy, based on evidence that human health and the environment are being 
11 protected or are at risk. During the post-closure period, the WIPP shall be maintained in a 
18 manner that complies with the environmental performance standards applicable to the facility. 
19 During this period, the DOE will employ active institutional controls as necessary. 
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• Geelegisal, l=lyetFBlegisal, geesl=lemisal, anet stFWsti,,u=al meniteFing Ysing geepl=lysisal 
2 meniteFing tesl=lnieiYes. 
3 

4 • SYbsietense meniteFing as an initial performanse inetisater (a geepl=lysisal teel tl=lat 
5 measyres relative sl=langes in sYrfase elevatien). A sybsietense Natienal Geeetetis SYrvey 
6 is planneet fer fissal year 1 QQe anet fer every 10 years tl=lereaf:ter. 
7 

8 • Cemf)arisen ef infermatien in a baseline database semf)riseet ef nenintNsive geef)l=lysisal 
9 syrvey resYlts ebtained dYring tl=le develef)ment anet ef)eratien ef tl=le fasility and elYring 

10 tl=le f)erieet sl=lertly af:ter final slesYre. 
11 

12 1-3 Notices Required for Disposal Facilities 
13 

14 l-3a Certification of Closure 
15 

15 Within 60 days after completion of closure activities for an HWMU, the DOE will submit to the 
11 Secretary of the NMED, via certified mail, a certification that the unit (or, at final closure, the 
18 facility) has been closed in accordance with the specifications of this Closure Plan, wl=len 
19 af)f)reveet. The certification will be signed by the cognizant DOE Manager and by an 
20 independent registered professional engineer. Documentation supporting the independent 
21 registered engineer's certification will be furnished to the Secretary of the NMED with the 
22 certification. 
23 

24 l-3b Survey Plat 
25 

26 

27 

28 

29 

30 

31 

32 

33 

Within 60 days of closure activities for an HWMU or within 60 days of final f.@~l:W closure ef tl=le 
facility, the DOE will submit to the Secretary of the NMED, via certified ... mali; a survey plat 
indicating the location and dimensions of hazardous waste disposal units with respect to 
permanently surveyed benchmarks. The plat will be prepared and certified by a professional 
land surveyor and will contain a prominently displayed note that states the DOE's obligation to 

~~·~~~i[~&-~inr.1~1:,::9i~i-1:!Nii~~ul;~;;;~mllll~l'=lli•l11Jlll 
34 l-3c Post-Closure Certification 
35 

36 Within 60 days of completion of the post-closure care period for each hazardous waste disposal 
37 unit @rjg:::fqr:finil.:::f.41'-liiiti~@i.P.. the DOE will submit to the Secretary of the NMED, via certified 
38 mail, .. documerifatloii ... thafihe ·unit (er final clesYre ef tl=le fasility) post-closure care f)erieet was 
39 performed in accordance with the specifications of the approved post-closure plan. The 
40 certification will be signed by the cognizant DOE Manager and by an independent registered 
41 professional engineer. Documentation supporting the independent registered engineer's 
42 certification and a copy of the certification will be furnished to the Secretary of the NMED. 
43 

44 
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l-3d Post-Closure Notices 

Within 60 days after certification of closure of each hazardous waste disposal unit or fifi@J facility 
closure, the DOE will submit to the Secretary of the NMED, and other applicable .. icical and 
federal government agencies, a record of the type, location, and quantity of hazardous wastes 

!i1•~•~*1=~1;1ti;:1~:i.i::&11111:::~tili:!11111~~1~11•=•r~1{tlitr! 
a fedei=al fasility, tt=te '.NIPP fasility is eMeFRpt fr=eFR the FeetYiFeFRent te pr=evide a deed netatien as 
dessFieed in 2Q NMAC 4 .1, S1o1epar:t V, §264 .11 Q, eesa1o1se in peFpet1o1ity, the land sentaining the 
hazaFde1o1s waste dispesal 1o1nit will be 1o1ndeF fedei=al ge'leFRFRent e•NneFShip. 

1-4 Closure Cost Estimates 

14 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility, 
15 is exempt from the requirement to provide cost estimates for closure actions. 
16 

11 1-5 Financial Assurance Mechanism for Closure 
18 

19 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility, 
20 is exempt from the requirement to provide financial assurance mechanisms for closure actions. 
21 

22 1-6 Post-Closure Cost Estimate 
23 

24 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility, 
25 is exempt from the requirement to provide cost estimates for post-closure actions. 
26 
21 1-7 Financial Assurance Mechanism for Post-Closure Care 
28 

29 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility, 
30 is exempt from the requirement to provide financial assurance mechanisms for post-closure 
31 actions. 
32 

33 1-8 Liability Requirement 
34 

35 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility, 
36 is exempt from the requirement to provide liability insurance. 
37 
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1 

2 

3 

4 

Anticipated Earliest Closure Dates for the Underground HWMUs 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

HWMU 

PANEL 1 

PANEL 2 

PANEL 3 

PANEL 4 

PANEL 5 

PANEL 6 

PANEL 7 

PANEL 8 

PANEL 9 

PANEL10 

OPERATIONS 
START 

7/98 

1/01 

7103 

1/06 

7108 

1/11 

7/13 

1/16 

7/18 

1/21 

OPERATIONS CLOSURE CLOSURE END 
END START 

1/01 2/01 9/01 

7/03 8/03 3/04 

1/06 2/06 9/06 

7108 8/08 3/09 

1/11 2/11 9/11 

7/13 8/13 3/14 

1/16 2/16 9/16 

7/18 8/18 3/19 

1/21 2/21 SEE NOTE 2 

7/23 8/23 SEE NOTE 2 

17 NOTE 1: Only Panels 1 to 3 will be closed under the permit covered by this application. Closure 
1s schedules for Panels 4 through 10 are projected assuming new permits will be issued in 2005 and 
19 2015 . 

. 20 

21 NOTE 2: The time to close these areas may be extended depending on the nature and extent of the 
22 disturbed rock zone. The excavations that constitute these panels will have been opened for as many 
23 as 40 years so that the preparation for closure may take longer than the time allotted in Figure 1-2. 
24 

25 
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1 

2 
3 

Anticipated Overall Schedule for Closure Activities 

4 
5 

6 
7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

ACTIVITY 

Notify NMED of Intent to Close WIPP {or 
to Implement Contingency Closure) 

Perform Contamination Survey 

Sample Analysis 

Decontamination as Necessary 

Final Contamination Surveys 

Sample Analysis 

Prepare and Submit Container 
Management Unit Closure Certification 

Dispose of Closure-Derived Waste 

Closure of Open HWMU Panel 

Install Borehole Seals 

Install Repository Seals 

Recontour and Revegetate 

Prepare and Submit Final {Contingency) 
Closure Certification 

Post-closure Monitoring 

24 NIA-Not Applicable 

FINAL FACILITY 
CLOSURE 

START STOP 

August NIA 
2023 

August February 
2023 2024 

October May 
2023 2024 

April November 
2024 2024 

December July 
2024 2025 

April November 
2025 2025 

December March 
2025 2026 

September November 
2023 2024 

December July 
2024 2025 

August July 
2025 2026 

April July 
2026 2030 

August March 
2030 2031 

August March 
2030 2031 

May NIA 
2031 

25 Refer to Figures 1-3 and 1-4 for precise activity titles. 
26 
27 
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CONTINGENCY CLOSURE 

FIRST PERMIT SECOND PERMIT 

START STOP START STOP 

February NIA February NIA 
2006 2016 

February August February August 
2006 2006 2016 2016 

May November May November 
2006 2006 2016 2016 

October May October May 
2006 2007 2016 2017 

June January June January 
2007 2008 2017 2018 

October May October May 
2007 2008 2017 2018 

NIA NIA NIA NIA 

March May March May 
2006 2007 2016 2017 

June January June January 
2007 2008 2017 2018 

NIA NIA NIA NIA 

NIA NIA NIA NIA 

NIA NIA NIA NIA 

June September June September 
2008 2008 2018 2018 

NIA NIA NIA NIA 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Federal. or ··• 
State Land 

·• 

Both 

Federal 

Federal 

State 

State 

TABLE 1-3 
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Governing Regulations for Borehole Abandonment 

Type of Well Goveniing Summary of Requirements 
or Borehole RegulatiOn ..... 

Groundwater State and federal Monitor wells no longer in use shall be plugged in such a manner as to 
Surveillance regulation in preclude migration of surface runoff or groundwater along the length of the 

effect at time of well. Where possible, this shall be accomplished by removing the well casing 
abandonment and pumping expanding cement from the bottom to the top of the well. If 

the casing cannot be removed, the casing shall be ripped or perforated along 
its entire length if possible, and grouted. Filling with bentonite pellets from 
the bottom to the top is an acceptable alternative to pressure grouting. 

Oil and Gas 40 CFR Part The operator shall promptly plug and abandon, in accordance with a plan first 
Wells 3 I 60, §§ 3162.3-4 approved in writing or prescribed by the authorized officer. 

Potash 40 CFR Part (b) Surface boreholes for development or holes for prospecting shall be 
3590, § 3593.1 abandoned to the satisfaction of the authorizing officer by cementing and/or 

casing or by other methods approved in advance by the authorized officer. 
The holes shall also be abandoned in a manner to protect the surface and not 
endanger any present or future underground operation, any deposit of oil, gas, 
or other mineral substances, or any aquifer. 

Oil and Gas State of New B. Plugging 
Well Outside the Mexico, Oil (I) Prior to abandonment, the well shall be plugged in a manner to 
Oil-Potash Area Conservation permanently confine all oil, gas, and water in the separate strata where 

Division, Rule they were originally found. This can be accomplished by using mud-
202 (eff. 3-1-91) laden fluid, cement, and plugs singly or in combination as approved by 

the Division on the notice of intention to plug. 

(2) The exact location of plugged and abandoned wells shall be marked by 
the operator with a steel marker not less than four inches (4") in 
diameter, set in cement, and extending at least four feet (4') above mean 
ground level. The metal of the marker shall be permanently engraved, 
welded, or stamped with the operator name, lease name, and well 
number and location, including unit letter, section, township, and range. 

Oil and Gas State of New F. Plugging and Abandonment of Wells 
Wells Inside the Mexico, Oil (1) All existing and future wells that are drilled within the potash area, shall 
Oil-Potash Area Conservation be plugged in accordance with the general rules established by the 

Division, Order Division. A solid cement plug shall be provided through the salt section 
No. R-111-P (eff. and any water-bearing horizon to prevent liquids or gases from entering 
4-21-88) the hole above or below the salt selection. 

It shall have suitable proportions-but no greater than three (3) percent 
of calcium chloride by weight-of cement considered to be the desired 
mixture when possible. 
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Executive Summary 

Scope. Under contract to Westinghouse Electric Corporation (Westinghouse), Waste 

Isolation Division (WID), IT Corporation has prepared a detailed design of a panel-closure 

system for the Waste Isolation Pilot Plant (WIPP). Preparation of this detailed design of an 

operational-phase closure system is required to support a Resource Conservation and 

Recovery Act (RCRA) Part B permit application and a no-migration variance petition. This 

report describes the detailed design for a panel-closure system specific to the WIPP site. The 

recommended panel-closure system will adequately isolate the waste-emplacement panels for 

at least 35 years. 

Purpose. This report provides detailed design and material engineering specifications for 

the construction, emplacement, and interface-grouting associated with a panel-closure system 

at the WIPP repository, which would ensure that an effective panel-closure system is in place 

for at least 35 years. The panel-closure system provides assurance that the limit for the 

migration of volatile organic compounds (VOC) will be met at the point of compliance, the 

WIPP site boundary. This assurance is obtained through the inherent flexibility of the panel

closure system. The panel-closure system will be located in the air-intake and air-exhaust 

drifts (Figure ES-1). The system components have been designed to maintain their intended 

functional requirements under loads generated from salt creep, internal pressure, and a 

postulated methane explosion. The design complies with regulatory requirements for a panel

closure system promulgated by RCRA and the Mine Health and Safety Administration 

(MSHA). The design uses common construction practices according to existing standards. 

Background. The engineering design considers a range of expected subsurface conditions 

at the location of a panel-closure system. The geology is predominantly halite with 

interbedded anhydrite at the repository horizon. During the operational period, the panel

closure system would be subject to creep from the surrounding host rock that contains trace 

amounts of brine. 

During the conceptual design stage, two air-flow models were evaluated: (1) unrestricted 

flow and (2) restricted flow through the panel-closure system. The "unrestricted" air flow 

model is defined as a model in which the gas pressure that develops is at or very near 

atmospheric pressure such that there exists no back pressure in the disposal areas. Flow is 

unrestricted in this model. The "restricted" air flow model is defined as a model in which the 
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back pressure in the waste emplacement panels develops due to the restriction of flow through 

the barrier, and the surrounding disturbed rock zone. The analysis was based on an assumed 

gas generation rate of 8,200 moles per panel per year (0.1 moles per drum per year) due to 

microbial degradation, an expected volumetric closure rate of 28,000 cubic feet (800 cubic 

meters) per year due to salt creep, the expected heads pace concentration for a series of nine 

VOCs, and the expected air dispersion from the exhaust shaft to the WIPP site boundary. 

The analysis indicated that the panel-closure system would limit the concentration of each 

VOC at the WIPP site boundary to a small fraction of the health-based exposure limits during 

the operational period. 

Alternate Designs. Various options were evaluated considering active systems, passive 

systems, and composite systems. Consideration of the aforementioned factors led to the 

selection of a passive panel-closure system consisting of: (1) a standard concrete barrier, 

rectangular in shape, or (2) an enlarged tapered concrete barrier. Options ( 1) and (2) will be 

grouted at the interface and may contain an explosion-isolation wall or a construction

isolation wall. This system provides flexibility for a range of ground conditions likely to be 

encountered in the underground repository. No other special requirements for engineered 

components beyond the normal requirements for fire suppression and methane explosion or 

deflagration containment exist for the panel-closure system during the operational period. 

The panel-closure system design incorporates mitigative measures to address the treatment of 

fractures and therefore minimizes the potential migration of contaminants. The design option 

for mitigating fractures includes excavating the disturbed rock zone (DRZ) and emplacing an 

enlarged concrete barrier. 

To be effective, the excavation and installation of the panel-closure system must be completed 

within a short time frame to minimize disturbance to the surrounding salt. A rigid concrete 

barrier will promote interface stress buildup, as fractures are expected to heal with time. For 

this purpose, the main concrete barrier would be tapered to reduce shear stress and to increase 

compressive stress along the interface zone. If ground conditions are more favorable, the 

design can be simplified to a standard concrete barrier with an explosion-isolation or 

construction-isolation wall without DRZ removal. 1 

1DRZ removal is used in the context of the removal of fractured rock. 
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Design Classification. Procedure WP 09-CN3023 (Westinghouse, 1995a) was used to 

establish a design classification for the panel-closure system. It uses a decision-flow-logic 

process to designate the panel-closure system as a Class IIIB structure. This is because 

during the methane explosion the concrete barrier would not fail. 

Design Evaluations. To investigate several key design issues, design evaluations were 

performed. These design evaluations can be divided into those that satisfy (1) the operational 

requirements of the system and (2) the structural and material requirements of the system. 

The conclusions reached from the evaluations addressing the operational requirements are as 

follows: 

• Based on an air-flow model used to predict the mass flow rate of carbon 
tetrachloride through the panel-closure system for the alternatives, the air-flow 
analysis suggests that the fully enlarged barrier provides the highest protection 
for restricting voes during the operational period of 35 years. 

• Results of the Fast Lagrangian Analysis of Continua (FLAC) analyses show that 
the recommended enlarged configuration is a circular rib-segment excavated to 
Clay G and under MB 139. Interface grouting would be performed at the upper 
boundary of the concrete barrier. 

• The results of the transverse plane-strain models show that higher stresses would 
form in MB 139 following excavation, but that after installation of the panel
closure system, the barrier confinement will result in an increase in barrier
confining stress and a reduction in shear stress. The main concrete barrier 
would provide substantial uniform confining stresses as the barrier is subjected 
to secondary salt creep. 

• The removal of the fractured salt prior to installation of the main concrete barrier 
would reduce the potential for flexure. The fracturing of MB 139 and the 
attendant fracturing of the floor could reduce structural load resistance (structural 
stiffness), which could initially result in barrier flexure and shear. With the 
removal of MB 139, the fractured salt stiffens the surrounding rock and results 
in the development of more uniform compression. 

• The trade-off study also showed that a panel-closure system with an enlarged 
concrete barrier with the removal of the fractured salt roof and anhydrite in the 
floor was found to be the most protective. 

The conclusions reached from the design evaluations addressing the structural and material 

requirements of the panel-closure system are as follows: 
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• Existing information on the heat of hydration of the concrete supports placing 
concrete with a low cement content to reduce the temperature rise associated 
with hydration. Plasticizers might be used to achieve the required slump at the 
required strength. A thermal analysis, coupled with a salt creep analysis, 
suggests installation of the enlarged barrier at or below ambient temperatures to 
adequately control hydration temperatures. 

• In addition to installation at or below ambient temperatures, the concrete used in 
the main barrier would exhibit the following: 

An 8 inch (0.2 meter) slump after 3 hours of intermittent mixing 

A less-than-25-degree Fahrenheit heat rise prior to installation 

An unconfined compressive strength of 4,000 pounds per square inch (psi) 
(28 megapascals [MPa]) after 28 days 

Volume stability 

Minimal entrained air. 

• The trace amounts of brine from the salt at the repository horizon will not 
degrade the main concrete barrier for at least 35 years. 

• In 20 years, the open passage above the waste stack would be reduced in size. 
Further, rooms with bulkheads at each end would be isolated in the panel. It is 
unlikely that a long passage with an open geometry would exist; therefore, the 
dynamic analysis considered a deflagration with a peak explosive pressure of 
240 psi (1.7 MPa). 

• The heat-transfer analysis shows that elevated temperatures would occur within 
the salt and the explosion-isolation wall; however, the elevated temperatures will 
be isolated by the panel-closure system. Temperature gradients will not 
significantly affect the stability of the wall. 

• The fractures in the roof and floor could be affected by expanding gas products 
reaching pressures on the order of 240 psi (1.7 MPa). Because the peak internal 
pressure from the deflagration is only one fifth of the pressure, fractures could 
not propagate beyond the barrier. 

A composite system is selected for the design with various components to provide flexibility. 

These design options are described below. 
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Design Options. Figure ES-2 illustrates the options developed to satisfy the requirements 

for the panel-closure system. The basis for selecting an option depends on conditions at the 

panel-closure system locations as would be documented by future subsurface investigations. 

These design options provide flexibility in satisfying the design migration limit for the flow 

of voes out of the waste-emplacement panel. An enlarged concrete barrier would be 

selected for the air-intake and air-exhaust drifts that have fractured rock to eliminate 

significant flow of voes. Several methods are available for detecting the location and extent 

of fractures in the DRZ for optimum placement of an enlarged concrete barrier. These 

detection methods include ground-penetrating radar (GPR) and inspection of observation 

boreholes. 

For future waste panels, GPR would be used to monitor fracture development. Radar surveys 

would be conducted shortly after excavation to provide a baseline for comparison to future 

radar surveys. GPR would be used periodically to monitor the development of brittle 

deformation in the new air-intake and air-exhaust drifts of a panel. 

Observation boreholes would be drilled into the roof or floor of an excavation and would be 

inspected for fractures and bed separation. Observations in the boreholes can be made with a 

small video camera, or a simple scratch rod. 

While no specific requirements exist for barricading inactive waste areas under the MSHA, 

their intent is to safely isolate these abandoned areas from active workings using barricades of 

"substantial construction." A previous analysis (DOE, 1995) examined the issue of methane 

gas generation from transuranic waste and the potential consequence in closed areas. The 

principal concern is whether an explosive mixture of methane with an ignition source would 

result in deflagration. If a methane explosion is considered possible, a concrete block wall of 

sufficient thickness will be used to resist dynamic and salt creep loads. A construction 

isolation wall will be used in the absence of explosive conditions. 

It was shown (DOE, 1995) that an explosive atmosphere may exist after approximately 

20 years. A panel-closure system with a closure life less than 20 years would not require an 

explosion-isolation wall, because an explosive mixture could not accumulate. A construction

isolation wall will suffice to provide isolation during construction of the main concrete 

barrier. 
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Design Components. The enlarged concrete barrier will be located at the optimum 

location in the air-intake and air-exhaust drifts following observation of subsurface conditions. 

The enlarged concrete barrier will be composed of plain concrete with sufficient unconfined 

compressive strength. The barrier will consist of a circular rib segment excavated into the 

surrounding salt where the central portion of the barrier will extend just beyond Clay G and 

MB 139. FLAC analyses showed that plain concrete will develop adequate confined 

compressive strength. 

The enlarged concrete barrier will be placed in four cells, with construction joints formed 

perpendicular to the direction of potential air flow. The concrete will be placed through 6-

inch (15.2 centimeter) diameter steel pipes and will be vibrated from outside the formwork. 

The formwork is designed to withstand the hydrostatic loads that would occur during 

installation with minimal bracing onto exposed salt surfaces. This will be accomplished by a 

series of steel plates that are stiffened by angle iron, with load reactions carried by spacer 

rods. Some exterior bracing will be required when the concrete is poured into the first cell at 

the location for the enlarged concrete barrier. All structural steel will be American Society of 

Testing and Materials [grade] A36 in conformance with the latest standards specified by the 

American Institute for Steel Construction. After concrete placement, the formwork will be 

left in place and will stiffen the enlarged concrete barrier if nonuniform reactive loadings 

should occur after panel closure. 

After completion of the enlarged concrete barrier installation, it will be grouted through a 

series of grout supply and air return lines that terminate in grout boxes. The boxes will be 

mounted near the top of the barrier. The grout will be injected through one set of lines and 

returned through a second set of air lines. 

An explosion-isolation wall, constructed with concrete-blocks, will mitigate the effects of a 

methane explosion. The explosion-isolation wall would consist of 3,500 psi (24 MPa) 

concrete blocks mortared together with a bonding agent. The concrete-block wall design 

complies with MSHA requirements, because it consists of noncombustible materials of 

"substantial construction." The concrete-block walls will be keyed into the salt. For the 

WIPP, an explosion-isolation wall is designed to resist loading from salt creep. 
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The compliance of the detailed design was evaluated against the design requirements 

established for the panel-closure system. The design complies with all aspects of the design 

basis established for the panel-closure system. 
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1.0 Introduction 

The Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy (DOE) research facility 

located near Carlsbad, New Mexico, was established to demonstrate the safe disposal of 

defense-generated transuranic (TRU) waste. The WIPP repository is approximately 2,150 feet 

(ft) (655 meters [m]) below the surface, in the Salado Formation. The WIPP facility consists 

of a northern experimental area, a shaft-pillar area, and a waste-emplacement area. 

One important aspect of future repository operations at the WIPP is the activities associated 

with closure of waste-emplacement panels. Each panel consists of air-intake and air-exhaust 

drifts, panel-access drifts, and seven rooms (Figure 1-1 ). After completion of waste

emplacement activities, each panel will be closed, while waste emplacement may be occurring 

in the other panel(s). The closure of individual panels during the operational period will be 

conducted in compliance with project-specific health, safety, and environmental performance 

criteria. 

1.1 Scope 
This report provides information on the detailed design and material engineering 

specifications for the construction, installation, and interface grouting associated with a panel

closure system for a minimum operational period of 35 years. The panel-closure system 

design provides assurance that the limit for the migration of volatile organic compounds 

(VOC) will be met at the point of compliance, the WIPP site boundary. This assurance is 

obtained through the inherent flexibility of the panel closure system. The panel-closure 

system will be located in the air-intake and air-exhaust drifts to each panel (Figure 1-1). The 

panel-closure system design maintains its intended functional requirements under loads 

generated from salt creep, internal panel pressure, and a postulated methane explosion. The 

design complies with regulatory requirements for a panel-closure system promulgated by the 

Resource Conservation and Recovery Act (RCRA) and Mine Safety and Health 

Administration (MSHA). 

Figure 1-2 illustrates the design process used for preparing the detailed design. The design 

process commenced with the evaluation of the performance requirements of the panel-closure 

system through review of the work performed in developing the conceptual design and the 

"Underground Hazardous Waste Management Unit Closure Criteria for the Waste Isolation 

Pilot Plant Operation Phase" (Westinghouse, 1995b). The various design evaluations were 
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performed to address specific design-implementation issues identified by the project. The 

results of these design evaluations are presented in this report. 

1.2 Design Classification 

Procedure WP 09-CN3023 (Westinghouse, 1995a) was used to establish a design 

classification for the panel-closure system. The design classification for the panel-closure 

system evolved from addressing the short-term operational issues regarding the reduction of 

VOC migration. Figure 1-3 shows the decision flow logic process used to designate the 

panel-closure system as a Class IIIB structure. 

1.3 Regulatory Requirements 

The following subsections discuss the regulatory requirements specified in RCRA and MSHA 

for the panel-closure system. 

1.3. 1 Resource Conservation and Recovery Act (40 CFR 264, 268, and 270) 

In accordance with Title 40, Code of Federal Regulations (CFR), Part 264, Subpart X 

(40 CFR 264, Subpart X), "Miscellaneous Units," and 40 CFR 270.23, "Specific Part B 

Information Requirements for Miscellaneous Units," a RCRA Part B permit application has 

been submitted for the WIPP facility. According to 40 CFR 268.6, the DOE has opted to 

pursue a no-migration variance petition (NMVP) instead of treating waste to meet the land 

disposal restrictions (40 CFR 268) (EPA, 1995). 

1.3.2 Protection of the Environment and Human Health 

Both the draft NMVP and the WIPP RCRA Part B permit application indicate that VOCs 

must not exceed health-based standards beyond the WIPP site boundary. Worker exposure to 

voes, and voe emissions will not pose greater than a 10-6 excess cancer risk to the nearest 

resident in order to meet health-based standards. The panel-closure system design 

incorporates measures to mitigate voe migration for compliance with these standards. 

1.3.3 Closure Requirements (20 New Mexico Administrative Code 4. 1, 
Subpart VJ 

The DOE will notify the Secretary of the New Mexico Environment Department in writing at 

least 60 days prior to the date on which partial and final closure activities are scheduled to 

begin. 
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1.3.4 Mining Safety and Health Administration 
The significance of small natural-gas occurrences within the WIPP repository is within the 

classification of Category IV for natural gas under the MSHA (30 CFR 57, Subpart T) 

(MSHA, 1987). These regulations include the hazards of methane gas and volatile dust. 

Category IV "applies to mines in which non-combustible ore is extracted and which liberate a 

concentration of methane that is not explosive nor capable of forming explosive mixtures with 

air based on the history of the mine or the geological area in which the mine is located." For 

"barriers and stoppings," the regulations provide for noncombustible materials (where 

appropriate) for the specific mine category and require that "barriers and stoppings" be of 

"substantial construction." Substantial construction implies construction of such strength, 

material, and workmanship that the barrier could withstand air blasts, methane detonation or 

deflagration, blasting shock, and ground movement expected in the mining environment. 

1.4 Report Organization 
This report presents the engineering package for the detailed design of the panel-closure 

system. Chapter 2.0 presents the design evaluations. Chapter 3.0 describes the design and 

Chapter 4.0 presents the Constructability Design Calculations Index. Chapter 5.0 shows the 

technical specifications. Chapter 6.0 presents the design drawings. The conclusions are 

presented in Chapter 7 .0 and the references presented in Chapter 8.0. Appendices to this 

report provide detailed information to support the information contained in Chapters 2.0 

through 7 .0 of this report. 
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2.0 Design Evaluations 

This chapter presents the results of the various design evaluations that support the panel

closure system: (1) analyses addressing the operational requirements, and (2) analyses 

addressing the structural and material requirements. The first group includes air-flow 

analyses, an advection/dispersion analysis, and stress analyses using the Fast Lagrangian 

Analysis of Continua (FLAC) (Itasca, 1995), which support a trade-off study comparing 

grouting to removal of fracture zones in both the roof and floor. The second group addresses 

the issue of material compatibility with the host rock and heat-generation that may cause 

thermal cracking in the main concrete barriers during cement hydration. The second group 

also includes methane-explosion and fracture-propagation evaluations to address the dynamic 

pressure and subsequent temperatures generated by a postulated methane explosion. 

2.1 Analyses Addressing Operational Requirements 
The panel-closure system incorporates design features to address a range of ground 

conditions, including the most severe ground conditions expected in the air-intake and air

exhaust drifts. The alternatives for dealing with the most severe ground conditions include 

excavating the fractured disturbed rock zone (DRZ)2 and installing an enlarged concrete 

barrier or partially enlarged concrete barrier with interface grouting or emplacing a standard 

concrete barrier with formation grouting. To evaluate the effectiveness of these alternatives 

for a panel-closure system, air-flow analyses and structural analyses were performed. The air

flow analyses examined the flow of voes through the panel-closure system for these 

alternatives. 

The flow of VOCs is influenced by interface stress development. At the interface, the flow 

was assumed to be equivalent to a fracture zone. To investigate interface-stress development 

and the influence of barrier shape, structural analyses were performed for the main concrete 

barrier. These structural analyses were then used to determine the loads on the main concrete 

barrier. 

The following sections address the air-flow analyses, the advection/dispersion analysis, and 

the stress analyses that support the trade-off study for designs with or without DRZ removal 

for overall protection of human health and the environment and compliance at the WIPP site 

boundary. 

2DRZ removal is used in the context of the removal of fractured rock in the DRZ. 
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2. 1.1 Air-Flow Analyses 
The purpose of the air-flow analysis was to evaluate the trade-offs among a standard concrete 

barrier with formation grouting, a partially enlarged concrete barrier with partial DRZ 

removal (roof), and a fully enlarged concrete barrier with complete DRZ removal. 

Subsequent analyses were performed to evaluate air flow for these alternatives. The air-flow 

model (DOE, 1995) was used to evaluate the effective intrinsic barrier permeability of the 

main concrete barrier for these alternatives and to assess voe flow performance. 

In previous studies (DOE, 1995), two air-flow models were evaluated: 1) unrestricted flow, 

and 2) restricted flow through a panel-closure system. Unrestricted air flow is defined as 

flow in which the gas pressure develops at or very near atmospheric pressure. No back 

pressure exists in the waste emplacement areas. Restricted flow is defined as flow in which a 

back pressure develops due to the restriction of flow through the barrier and the surrounding 

disturbed rock zone. The analyses were based on an assumed gas generation rate of 8,200 

moles per panel per year (0.1 moles per drum per year) due to microbial degradation, an 

expected volumetric closure rate of 28,000 ft3 (800 m3) per year due to salt creep, the 

expected headspace concentration for nine voes, and the expected air dispersion from the 

exhaust shaft to point of compliance, the WIPP site boundary. The previous analyses 

indicated that the panel-closure system would limit the concentration (Figures 2-1 and 2-2) of 

each voe to a small fraction of the health-based exposure levels during the operational 

period at the WIPP site boundary. 

2. 1. 1. 1 Evaluation Procedure 
In the following analysis, the gases generated in the waste-emplacement area are in part 

compressed in the void space within a panel and in part flow into the main return air. The 

following assumptions were made in this model: 

• That the gases (including voes) within the void space will obey the ideal gas 
law. The gases will be generated at a rate of 0.1 moles per drum per year and 
will be stored by an increase in gas pressure. The rate of pressure buildup will 
be so gradual that it occurs at constant temperature. 

• That volumetric reduction due to creep will reduce the void space at a rate of 
28,000 ft3 (800 m3) per year and will result in pressurization. 

• That the flow of gas out of the panel will obey Darcy's law under quasisteady
state conditions. Under quasisteady-state conditions, the air pressure within the 
panel-closure system will change so gradually that the compressive storage of 
the air within the void space of the panel-closure system could be neglected. 
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• That the rates of gas generation, air outflow, and change in compressive storage 
will balance. 

• That hydrodynamic dispersion will be neglected in the analysis. 

• That the analysis will consider the superposition of flow rates from individual 
panels according to the operating schedule for an operational life of at least 
35 years. 

The air flow under these assumptions follows a nonlinear first-order ordinary differential 

equation. The model is characterized by molar gas generation and a reduction in void volume 

that results in an increase in air pressure. 

The problem can be stated by solving the system of nonlinear ordinary differential equations 

as derived in Appendix A: 

P P-Patm dV 
(g--*c* )*V-n-

r RT 'Y dt 

y2 

dn P C P-Patm 
=g - * * dt ' R*T --'Y--

where 
dt = Change in time (years) 
R = Universal gas constant 
T = Absolute temperature 
n = Moles of gas in the panel that is a function of time 
p = Pressure 

Patm = Atmospheric pressure 

c Conductance of the panel-closure system = 
A 

= K*-s L 

~ = Air conductivity of the panel-closure system 
A = Cross sectional area of the panel-closure system 
L = Flow path length of the panel-closure system 
'Y = Air density 
gr = Gas generation rate 
v = Panel volume 
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dV Panel volumetric-closure rate = 
dt 

dP Panel-pressure rate = 
dt 

dn Panel-molar storage rate. = 
dt 

The above relationships are subject to the following initial conditions: ( 1) that the pressure in 

the panel will be atmospheric, and (2) the moles equals the moles of gas occupying the initial 

panel void volume at the temperature of the repository. 

The analysis assumed that the volume of the waste is equal to the total waste capacity of a 

panel (600,000 ft3 [16,990 m3]) (DOE, 1994a) times the assumed average solid volume of the 

waste drums (23 percent) (IT, 1994). The analysis uses a solid waste volume equal to 

138,000 ft3 (3,910 m3) for the panel and this volume remains constant during the operational 

life of the panel. The analysis then evaluates the void volume at panel closure, approximately 

four years after panel excavation. 

The waste-emplacement capacity of a panel includes the seven rooms and the panel-access 

drifts from Room 1 to Room 7. The analysis uses closure rate and total closure data from the 

Geotechnical Analysis Report (DOE, 1994b ). A combination of field data and empirical 

analysis is used to determine long-term closure rates for 35 years as presented in Appendix B. 

The effective conductivity (Ks) can be further expressed in terms of an effective intrinsic 

panel-closure system permeability as (Freeze and Cherry, 1979): 

where 

ks*P*g 
Ks= ---

µ 

~ = Air conductivity 
ks = Effective concrete barrier permeability (m2) 
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p = Mass density 
g = Acceleration due to gravity 
µ = Absolute viscosity. 

The calculations assumed that the cross-sectional area for flow through the DRZ and the 

panel-closure system will equal 9 times the air-intake and air-exhaust area or that the DRZ 

extends out 3 radii from the center. Case and Kelsall (1986) evaluated permeability 

measurements performed by Peterson et al. (1985). These data showed a zone of increased 

permeability (10-18 to 10-20 ft2 [l0-19 m2 to 10-21 m2]) from (3 to 42 ft [1 to 14 m]). The 

boundary of the DRZ used in the analysis falls within their range. 

The effective intrinsic permeability was calculated by considering the permeabilities over their 

respective areas of the various media, as presented in Table 2-1. The assumed flow path 

length equaled 26 ft (7.92 m). The effective permeability was equal to 1 x 10-15 ft2 

(l0-16 m2) for the standard concrete barrier with formation grouting. For an enlarged 

concrete barrier with complete DRZ removal, the effective permeability would equal 

1 x 10-16 ft2 (10-17 m2). 

Table 2-1 

Intrinsic Permeability of Flow Components 

Intrinsic Permeability 

Component tt2 m2 Reference 

Dilated salt 10-18 10-19 Cook and Case, 1991 

Fractured salt (grouted) 10-15 10-16 DOE, 1995 

Clay seams 10-16 10-17 Freeze and Cherry, 1979 

Concrete barrier 10-18 10-19 Gulick and Wakeley, 1989 

Marker Bed 139 10-15 10-16 DOE, 1995 

Interface zone 10-10 10-11 Fernandez et al., 1994 

2. 1. 1.2 Modeling Results 

Figure 2-3 shows that, after closure, the pressure within the panel will build up gradually, due 

to the large compressibility of the panel void space relative to the air flow rate out of the 
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panel. The panel-closure system will be effective in restricting flow to a value less than the 

unrestricted flow rate during this period. 

2. 1. 1.3 Conclusions 

The air-flow model (DOE, 1995) was used to predict the performance of a grouted standard 

concrete barrier, a partially enlarged concrete barrier, and a fully enlarged concrete barrier for 

the mass flow rate of carbon tetrachloride. The analysis suggests that the alternate barrier 

systems would be effective in restricting air flow over the operational period and that the 

panel-closure system will restrict flow to at least 1 order of magnitude below the health-based 

migration limit in preventing the release of VOes (Figure 2-3). 

2. 1.2 Advection/Dispersion Evaluation 

The purpose of the advection/dispersion evaluation was to assess contaminant transport time 

through various media. The panel-closure system will be constructed to reduce the air flow

rate by using compressive storage in the panel void space. The model (DOE, 1995) showed 

that the panel-closure system will restrict transient flow for at least the operational period to 

an effective gas-generation rate that is substantially less than the steady state flow rate of 

about 35,000 ft3 (1,000 m3) per year. 

2. 1.2. 1 Evaluation Procedure 

As panel pressure develops with time, the gases generated from the waste will travel through 

the panel-closure system to the active underground workings. The model (DOE, 1995) 

considered that the voe concentration front will instantaneously develop in the active 

underground workings and the gases would advect due to velocity variations as panel 

pressures increased. The more detailed analysis presented below considers the flow 

distribution and how the concentration of voes would be affected by the mechanisms of 

advection and dispersion. If movement were slow through the panel-closure system, the 

breakthrough would be delayed. 

The relative significance of each of the air-flow zones can be evaluated by studying flow 

conductance. The flow conductance through the panel-closure system is given by the 

equation: 

K·*A· C=:E I I 

£. 
I 
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where: 

c 
~ 
A 

1 

L-
I 

= Flow conductance 
= Air conductivity of the ith component 
= Cross sectional area of the ith component 
=Length. 

The conductance through the panel-closure system will depend on the cross-sectional area and 

the length. Table 2-2 summarizes the values for each component. The calculations show that 

flow through fractured salt and MB 139 will dominate the conductance. 

Table 2-2 

Air Conductance Through System Components 

Conductance 
Approximate per Unit 

Cross-Sectional Len~th 
Effective Air Conductivity Area (meter per 

Component Porosity (meters per second} (meter2} second} 

Dilated salt 0.001 6.2 x 10-14 170 1.0 x 10-11 

Fractured salt 0.040 6.2 x 10-10 16 9.9 x 10-9 

Clay seams 0.400 6.2 x 10-12 0.09 5.6 x 10-13 

Marker Bed 139 0.040 6.2 x 10-11 11 6.8 x 10-10 

Concrete barrier 0.200 6.2 x 10-14 27 1.7 x 10-12 

The contaminant breakthrough of VOCs through the panel-closure system under the 

assumption of advection will occur when the contaminant front traversed the length. The 

average linear velocity equals the Darcy flux divided by the effective porosity for the various 

flow components. The average linear velocity that varies with time is given by: 
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where: 

V(p(t))avgi 

~ 
p(t) 

Patm 
L 

'Y 

= Average linear velocity for the ith component 
= Air conductivity 
= Panel pressure as a function of time 
= Atmospheric pressure 
= Length of the barrier 
= Air density 
= Effective porosity. 

The second evaluation of the air-flow modeling evaluated the effects of hydrodynamic 

dispersion on contaminant transport, using a one-dimensional dispersion model. This model 

was chosen to evaluate the effects of dispersion on voe migration rates through the panel

closure system. To isolate the effects of mechanical dispersion, molecular diffusion was 

considered insignificant. The advection-dispersion equation is given by Freeze and Cherry 

(1979): 

C0 L - V * t V x L + V * t 
C = - [ e r f c ( --;::::=x== ) + exp ( -) e r f c ( x ) ] 

2 
2J DL *t D1 2JDL *t 

where: 

and 

erfc = Complimentary error function 
DL = Longitudinal coefficient of dispersion 
aL = Dispersivity 
vx = Average linear velocity 
c = Concentration of contaminant at time t 
n* = Molecular diffusion 
Co = Initial concentration 
t = Time 
L = Length. 
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• That the air-flow velocity will be constant. 

• That the gases (including VOCs) within the void space will obey the ideal gas 
law. 

• That the flow of air out of the panel will obey Darcy's law under quasisteady
state conditions. Under quasisteady-state conditions, the air pressure within the 
panel-closure system will change so gradually that the compressive storage of air 
within the void space of the air-intake and air-exhaust drifts will be neglected. 

• That two-phase flow and interactions between air and brine will be neglected, 
although the resaturation of salt would tend to reduce the flow of voes through 
the barrier system. 

The air-flow velocity was calculated for each component of the panel-closure system using 

the maximum pressure determined from the air-flow model (DOE, 1995). Once a constant 

velocity was calculated for each component, the concentration as a function of time was 

determined for each of the panel-closure system components: fractured salt, fractured 

anhydrite, clay seams, and the standard concrete barrier. 3 To study the effects of dispersion, 

a range of different dispersivities was used. Mass flow as a function of time was then 

determined for carbon tetrachloride and was summed over all components of the panel-closure 

system. 

2. 1.2.2 Modeling Results 
In the model presented for air flow, the pressure varies as a function of time for flow through 

the panel-closure system. This will result in a change in the average linear velocity as a 

function of time that was calculated for each of the various components: fractured salt, 

MB 139, clay seams, and the panel-closure system. The average linear velocity was then 

integrated over time. 

Breakthrough times for a panel-closure system length of 40 ft (12 m) were computed 

(Figure 2-4). The analysis suggests that contaminant breakthrough through fracture zones 

may occur within one to several years, while contaminant breakthrough in the barrier and the 

dilated salt would not be expected during the WIPP operational period. The analysis shows 

that for fractured components with high air conductivity and low fracture porosity, large 

linear velocities result, with breakthrough occurring within months of panel closure. For the 

3No credit is taken for the explosion isolation or construction isolation wall which is a conservative assumption. 

AUi 1-95/WP/WIP:R3830 2-12 762447 .04.05.00.00 0 Ill 0196 I :36pm 



'!" 
! 
E -§ 
! 
iS 

.. .. 
! 
E -8 c 
! 
Q 

1·1o5 

1•1o4 

1000 

100 

10 

1 

0.1 

0.01 

0.001 
0.01 

100 

10 

1 

0.1 

0.01 

0.001 

1•10-4 

1•10·5 

1•10-6 

1·10-7 

.. .. 
•• 

•• 
.. .. 

•• •• 

•• 
___ ,.... _______ _ 

•• 

.. 
•• .. .. ... 

0.1 

Fractured Salt 
MB 139 
Path Length 

•• 
.. 

.. 
•• •• .. •• 

•• •• •• 

1 

.. •• 

Time (years) 

10 

-·-·-·-·-·-·-·-·-·-·-·-· ·~ .. 

.. ... .. .. •• .. •• .. .. •• .. .. •• .. .. .. .. .. 
•• • • .. .. •• •• 

.. .. 

0.01 0.1 1 10 

Dilated Salt 
Clay Seams 
Concrete 
Path Length 

Time (years) 

Figure 2-4 

100 

100 

Breakthrough Time for VOCs through Several Media 

2-13 



other components, with much lower air conductivity and higher effective porosity the 

breakthrough would occur many years after panel closure. 

In summary, the results of more detailed air-flow modeling suggest the appropriateness of the 

model for the instantaneous breakthrough of contaminants and the insignificance of 

dispersion. The results of the air-flow model emphasize the importance of treating fracture 

zones, either by removal or by grouting for restricting the flow of voes. 

The results from the second evaluation support the conclusion that breakthrough of voes will 

occur rapidly through the dominant paths of the fractured salt and fractured anhydrite. 

Because of this, the effects of dispersion will be insignificant on the voe mass flux. 

2. 1.2.3 Conclusion 
In conclusion, because air-flow modeling results show that breakthrough will occur rapidly 

and that the effects of hydrodynamic dispersion will be insignificant, the air-flow model 

(DOE, 1995) is conservative and appropriate. 

2. 1.3 Stress Analysis 
The purpose of the stress analysis was to evaluate the interaction of the main concrete barrier 

of the panel-closure system with the surrounding salt for different combinations and 

geometries. The panel-closure system will consist of: (1) a standard concrete barrier or (2) 

an enlarged concrete barrier. Options (1) and (2) will contain interface grouting and be 

combined with an explosion-isolation or construction-isolation wall. The walls will isolate 

the concrete barrier from the waste-emplacement panel and the effects of a postulated 

methane explosion. Stresses are expected to develop in the concrete-barrier component due to 

continued primary and secondary creep closure of the air-intake and air-exhaust drifts after 

installation of the concrete barrier. An estimate of the stress levels expected in the concrete 

barrier determined the deformability and strength required for the concrete. The development 

of stresses in the salt around the concrete barrier was also evaluated to estimate the time 

required for DRZ healing for these options. 

2. 1.3. 1 Evaluation Procedure 
The evaluation was performed using the FLAe computer code (Itasca, 1995). Six detailed 

structural-analysis models were prepared to evaluate the salt/structural interaction of the 

proposed system. These models included two transverse-plane strain models across the air

intake and air-exhaust drifts associated with a waste-emplacement panel, two long 
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axisymmetric models, and two short axisymmetric models. The properties used in these 

models were taken from the Backfill Engineering Analysis Report (IT, 1994) as presented in 

Appendix C. 

2.1.3.2 FLAC Models 
Since 1991, FLAC has been used to model underground excavations at the WIPP. FLAC is a 

two-dimensional, explicit finite difference code that simulates the behavior of rock and soil

like structures. The WIPP Reference Creep Law is built into FLAC and has been verified to 

U.S. Nuclear Regulatory Commission standards (Itasca, 1995). In addition, FLAC has been 

verified against the WIPP Second Benchmark Problem (Krieg, 1984). The following 

subsections describe the geometry and boundary conditions of the model used in the FLAC 

analysis. 

Plane-Strain Model Geometry. Two cross-sectional transverse plane-strain models were 

run using the air-intake and air exhaust drift geometries. These models used a simplified 

stratigraphy for approximately 250 ft (75 m) above and below the excavation horizon 

(Figure 2-5). The models included the interaction of the excavation and the main concrete 

barrier with MB 139 over time. The cross-sectional dimension of the air-intake drift is 13 by 

20 ft (4 by 6 m), while the air-exhaust drift is 12 by 14 ft (3.6 m by 4.3 m). Each model was 

run with the initial excavation and allowed to creep for a period of 5 years,4 the time 

expected for panel excavation and waste emplacement. After 5 years, the drift at the concrete 

barrier location was excavated just beyond Clay G and Clay E, removing MB 139, and the 

ribs were excavated to curved segments between these clays. Each model was then run for an 

additional month simulating the time required to excavate the enlarged area and install the 

concrete barrier. After the enlarged excavation was open for one month, the model was 

continued with the installed concrete barrier. The actual construction schedule may be longer 

for the enlarged barrier; however, the effects on long-term interface stress buildup will be 

insignificant. As the stresses increased in the concrete barrier and the surrounding salt the 

model was run for an additional 35 years, representing the required period of performance for 

a concrete barrier. 

4For Panel One, the period between excavation and barrier emplacement would be greater than 5 years. A 
longer period of time might result in more bed separation. However, since fractured salt is removed to Clay G 
and the barrier is placed over a short period, the design is considered robust, and the effects of a longer period 
for Panel One are insignificant. 
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Axisymmetric Models. Four axisymmetric models were run to evaluate the long-term 

loadings expected on the ends of the concrete barrier. The models (Figure 2-6) were 

simplified using a homogeneous salt and radial loading. The model for the concrete barrier 

was symmetrical around the central axis. The cases illustrate that the presence of the barrier 

ends will result in a longer cylindrical barrier, and that the shorter barrier with the two plug 

ends will result in a more tapered shape. 

Material Properties Used in Modeling. The material properties used for the reference 

stratigraphy presented in the Backfill Engineering Analysis Report (IT, 1994) were used in the 

FLAC analysis. These properties (Appendix C) included the elastic, primary creep, and 

secondary creep constitutive properties of the halite, polyhalitic halite, and argillaceous halite. 

They also included the elastic properties of the anhydrite and the concrete. 

Modeling Results-Transverse Plane-Strain Models. The results of the transverse 

plane-strain models suggest that higher stresses will form in MB 139 following excavation, 

but that after barrier emplacement, an increase in barrier-confining stress and a reduction of 

shear stress will occur in and around the barrier. The results further suggest that substantial 

uniform confining stresses will develop as the barrier is subjected to the secondary salt creep. 

Modeling Results-Axisymmetric Models. The results of the axisymmetric models 

agree with the results of the transverse models for the prediction of interface stress and 

suggest the appropriateness of an axisymmetric model to evaluate the long-term stress 

abutment zone effects. The modeling results for the longer cylindrical barrier suggest that the 

radial stresses increase by a factor of 2 at the ends of the barrier. The high-stress 

concentration at the ends of the barrier extends a distance of several meters. Tensile stress 

develops at the ends of the longer cylindrical barrier. The short axisymmetric barrier, with 

the design achieving a more tapered configuration, shows that a more uniform state of 

compression develops all around the barrier. The principal stress results after a period of 

30 years for this barrier with DRZ removal are presented in Figure 2-7. These results show 

that the barrier is in a state of overall compression. 

2. 1.3.3 Stress Analysis of the Concrete Barrier on an Elastic Foundation 
An analysis was performed treating the concrete barrier as a beam on an elastic foundation. 

After several years it is expected that loads would develop uniformly in the concrete barrier; 

however, the concrete barrier may be subjected initially to nonuniform loading (Figure 2-8). 
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The analysis of the concrete barrier on an elastic foundation shows that, for various assumed 

loadings that will develop, the amount of flexure and transverse shear was minimal and would 

result in insignificant nonuniform load reactions and failure of plain concrete in flexural 

tension or shear (Figure 2-9). The only manner in which flexure will develop would be 

through nonuniform loading. The assumed approximate stress gradient for the first room for 

the Chabannes solution (DOE, 1995) at a distance of 80 ft (24 m) equals 300 pounds per 

square inch (psi) (2.1 megapascals [MPa]) over 50 ft (15 m). The analysis evaluated the 

effects of varying the modulus of subgrade reaction for the barrier (equal to 500,000 psi 

[3,500 MPa]). The results suggest that the potential for flexural tension and shear will be 

greater when loads were resisted by fractured salt. The removal of fractured salt from the 

central portion of the excavation should result in a more uniform loading on the barrier and 

stiffer resistance in reaction that reduces short-term flexural tension and shear. 

2. 1.3.4 Interface Stress Buildup 
Previous small-scale sealing studies (Case and Kelsall, 1986) showed that stress in seals in 

contact with salt develop rapidly (Figure 2-10). As an example, in the 3 ft- (91- centimeter 

[cm])-diameter plug for the Small Scale Seal Performance Test, interface stress developed to 

about 1,000 psi (7 MPa) within 1,000 hours. An analysis was conducted to evaluate the 

effects of concrete barrier stiffness on the recovery of the DRZ for the alternatives. The 

technical approach to the standard analysis considered an infinitely long cylindrical concrete 

barrier5 in an infinite medium (DOE, 1995). Figure 2-11 illustrates that interface stresses for 

the standard concrete barrier with formation grouting would develop more slowly than the 

enlarged concrete barrier, resulting in less healing of the surrounding DRZ for at least the 

35-year operational period. 

2. 1.4 Tradeoff Study of Formation Grouting versus DRZ Removal 
The purpose of this study was to evaluate the tradeoffs of formation grouting versus DRZ 

removal for the alternatives for overall protection of human health and the environment. The 

tradeoff study considered compliance with the design migration limit, barrier effectiveness, 

and implementability of the design at the WIPP. This evaluation was performed qualitatively 

through examination of the results of air-flow and stress analyses as presented in previous 

sections. The alternatives included a standard concrete barrier with formation grouting, a 

5 
A cylindrical concrete barrier develops interface stress less rapidly than a spherical concrete barrier. However, 

the analysis of a cylindrical barrier provides a relative comparison of the effects of fractured salt on the 
development of interface stress for a long cylindrical barrier. 
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partially enlarged concrete barrier with DRZ removal in the roof, and a fully enlarged barrier 

with complete DRZ removal. In all cases, the most severe ground conditions were 

considered. Existing information and the previous modeling efforts were combined to 

provide insight to the performance of the alternatives. 

Bench-scale tests done by Terra-Tek showed the importance of interface zone permeability 

(Fernandez, et al., 1994). For sealed boreholes, flow occurs either through the seal matrix or 

through the interface zone. These tests showed that the "effective barrier permeability" for 

flow through the interface zone to be 1 to 2 orders of magnitude greater than the permeability 

of the plug material. This result supports the theory that the interface zone behaves like a 

fracture, in that at low effective stress levels, the interface opens and exhibits high 

conductivity. At higher stress levels, the interface closes and exhibits a much lower 

conductivity that is independent of effective stress. These studies suggest that the excavation 

of a more circular shape that reduces stress concentrations and the emplacement of a 

sufficiently strong barrier that would reduce shear stresses, and increase confining stresses at 

the interface zone is preferable. 

The discussion presented above allows an evaluation of the compliance of the alternatives 

with the design migration limit and a qualitative evaluation of the effectiveness of the 

alternatives in light of the previous stress analyses performed. The stress analyses performed 

suggested that for the barrier with formation grouting, there is a greater potential for barrier 

flexure when fractures in the surrounding rock are present, and that the interface stress would 

develop more slowly because of the compliance of these fractures. This will then result in 

potentially higher VOCs flow through the interface zone, and reduced effectiveness. The 

development of lower interface stresses would result in lower confining stresses in the 

surrounding DRZ, and a slower rate of DRZ healing. 

In evaluating the tradeoffs among the alternatives, it was noted that all three alternatives 

could be implemented. Technologies exist for the placement of a barrier with formation 

grouting (DOE, 1995). Further, methods are available for the excavation of an enlarged 

barrier with DRZ removal. Fernandez et al., 1989 evaluated various techniques for 

enlargement of barriers. These included the use of expansive agents, and hydraulic splitters 

in addition to the methods for continuous mining. The use of expansive agents could be used 

in the floor to excavate to below MB 139. While the use of these more labor intensive 

methods would take longer and make barrier emplacement more difficult, the techniques are 
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nevertheless available. The alternatives involving rock removal can be implemented in the 

underground WIPP repository. 

In conclusion, the evaluations addressing the operational requirements of the panel-closure 

system show that, for the most severe ground conditions to be encountered, the maximum 

protection is provided when an enlarged concrete barrier is used. The severity of the ground 

conditions relate to the size and age of the air-intake and air-exhaust drifts, and the distance 

to the room intersections. The longer the time period between excavation, and panel closure, 

the greater the degree of fracturing that could occur. For example, the period of time for 

Panel 1 has been much longer than the four year period currently planned for other panels. 

Where the time between excavation and panel is short, fracturing may be absent or 

inconsequential, and the design can be simplified to a standard barrier with no DRZ removal. 

2.2 Structural and Material Requirements 

This section presents evaluations relating to the structural and material requirements for the 

panel-closure system. 

2.2. 1 Material-Compatibility Evaluations 

The purpose of the material-compatibility evaluations is to select the most suitable concrete 

and grout materials for a panel-closure system. This section evaluates the concrete and grout 

compositions and their geochemical compatibility with the host rock and brine. This section 

also evaluates the geotechnical properties and permeabilities of a concrete/grout to liquid 

phase and gaseous phase contaminants (brine and voes, respectively). 

2.2. 1. 1 Evaluation Procedure 

Project information was reviewed for appropriate concrete-barrier materials that would 

minimize voe migration and cement hydration for candidate materials. 

2.2. 1.2 Concrete-Barrier Material Candidates 

The selection of candidate materials for use as concrete and grout in a panel-closure system 

requires that numerous criteria be satisfied in terms of the 35-year period of performance. 

The materials must be chemically compatible with the host rock and brine (Salado Formation) 

without chemical degradation. Concrete used in the main concrete barrier must be 

sufficiently strong enough to support lithostatic loads and resist the compressive stress of the 

creeping salt. The concrete must cure at a low heat of hydration. If the concrete evolves 

heat too rapidly (i.e., greater than 14 degrees celsius (°C) (25 degrees Fahrenheit [°F]), it may 
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experience rapid slump loss before hardening and excessive thermal stress after hardening. 

Slump loss directly affects the workability and pumpability of the concrete. The workability 

of the concrete must allow ample time and the pumpability must be adequate for installation. 

The most desirable characteristics for achieving adequate pumpability were a 4-hour working 

time (Wakeley et al., 1994). The concrete must perform under large-scale installation 

conditions. Grout must form a tight seal between the concrete barrier and the host rock. 

Wakeley et al. (1993) studied and developed (Gulick and Wakeley, 1989) salt-saturated 

concrete and grout in the floor of the WIPP repository for six years (Appendix D). Then the 

concrete and grout plugs along with some host rock were overcored. The study concluded 

that little or no deterioration occurred to the concrete or grout. Overall the compressive 

strengths increased with time with the lowest values from samples taken in the DRZ. 

Reaction rims with increased permeability were noted on anhydrite surrounding the plugs, 

suggesting interaction between the grout or concrete and host rock. There was also evidence 

of halite dissolution in the anhydrite zone near the plugs; however, the presence of halite 

facilitated better bonding between the grout or concrete and the host rock. Crystallization of 

new phases was also noted on free surfaces, indicating that strongly ionic, magnesium-bearing 

fluids were present and moving. The movement of the fluid improved the bonding with the 

host rock. 

Gulick and Wakeley (1989) proposed expansive salt-saturated concrete (ESC) (Appendix E) 

and grout mixtures that yielded favorable results for suitability in a panel-closure system. 

The formulation for their grout mixture is indicated in Table 2-3. 

I Component 

Class H cement 

Class C fly ash 

Cal seal® (plaster) 

Sodium chloride 

Dispersant 

Defoamer 

Water 

Table 2-3 

Salt-Saturated Grout {BCT-1 F) 

I Percent of Total Mass 

48.3 

16.2 

5.7 

7.9 

0.78 

0.02 

21.1 

I 
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Class H cement is a standard oil-well cement that has been used extensively in grouts and 

concretes in underground applications. Class C fly ash contributes expansive properties to 

concrete. Cal Seal® (a plaster of paris, manufactured by Halliburton) also develops expansive 

properties in mixtures containing Class H cement. Expansive components that are added to 

the concrete or grout mixtures enhance bonding with the host rock. 

Wakeley et al. (1993) later researched concrete mixtures that would behave optimally under 

the type of large-scale installation conditions associated with the panel-closure system. The 

concrete mixture was also designed to keep the temperature due to heat of hydration less than 

14°C (25°F). The concrete mixture that resulted from this study was termed the Salado Mass 

Concrete (SMC), and it superseded ESC as the performance mixture (Wakeley et al., 1993). 

Table 2-4 summarizes the SMC composition. 

I Component 

Class H cement 

Chem Comp Ill 

Class F fly ash 

Fine aggregate 

Coarse aggregate 

Sodium chloride 

Defoaming agent 

Sodium citrate 

Water 

Table 2-4 

Salado Mass Concrete 

I Percent of Total Mass 

4.93 

2.85 

6.82 

33.58 

43.02 

2.18 

0.15 

0.09 

6.38 

Class F fly ash increases the aluminum content of the concrete mixture, which decreases the 

heat of hydration and increases the setting speed. A mixture of fine and coarse aggregate 

decreases the porosity of the concrete, and the fine aggregate contributes more silica over 

time. 

I 
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For Class M cement and Class F fly ash addition of sodium chloride to the mixture ensures 

that the water content of the concrete is in equilibrium with the host rock to minimize 

dissolution, and inhibit deterioration of the concrete. The use of defoaming agents inhibit air 

entrainment in the concrete mixture. 

Wakeley et al. ( 1994) studied under laboratory conditions the effects of various compositions 

of brines and concretes, including the SMC formulation. The study evaluated the 

susceptibility of concretes to chemical degradation by brines. Both pastes containing no 

aggregate, and mortars containing fine aggregate were formulated and tested in simulated 

brines containing magnesium and sulfate concentrations representing the brines at the 

repository horizon. The study concluded that high-magnesium brines exacerbated the 

deterioration of pastes and mortars; mortars deteriorated more rapidly than pastes. This study 

concluded that loss of calcium was the primary cause of weakened concrete materials. The 

use of salt in mortars with an expansive component slowed the rate of deterioration. These 

experiments were carried out under extreme experimental conditions unrepresentative of the 

trace amount of brine that will be encountered during large-scale installation of the concrete 

barriers. 

2.2. 1.3 VOC Interaction 
Theoretically, if the pH of the VOCs is too low, it could negatively impact the structural 

integrity of the concrete barrier. The higher the VOC pH, the less likelihood for physical 

degradation of the concrete barrier. Using a portland cement with a pH greater than 12 

should ensure the integrity of the concrete barrier. 

2.2. 1.4 Cement Hydration 
Mathewson ( 1981) reported that the aggregate mineralogy significantly affects the 

curing/hydrating process by generating heat and alkali fluids, which can have deleterious 

effects on the strength of the concrete. Minerals susceptible to an alkali-aggregate reaction 

are hydrated silicates, opaline shale, chert, siliceous limestones, rhyolite, and dacite. 

Nonreactive minerals include quartz, feldspar, calcite, and the ferromagnesium minerals. 

2.2. 1.5 Conclusions 
Previous studies suggest the application of the SMC to the design of the panel-closure system. 

This concrete possesses characteristics of low heat of hydration and workability. Because of 

the trace amounts of brine and the impermeable nature of the concrete, a standard concrete 

with a low heat of hydration and similar workability was considered acceptable. Therefore, 
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the design specifies a plain cement concrete mix that must be verified with testing. The 

cement will be Portland cement, type II modified, with pozzalan or type IV, to limit the heat 

of hydration of the resultant mix. 

2.2.2 Heat-Generation Evaluations 
Heat-generation studies evaluated the effects of the heat of hydration for the installation of the 

concrete barrier. The curing of concrete is facilitated by hydration in that the water present in 

the mixture reacts with calcium and silica to incorporate water into the resulting mineral 

phase. This process is an exothermic reaction, resulting in a temperature increase in the 

concrete barrier and host rock. This temperature increase causes a thermal expansion of the 

concrete barrier and increases the interface stress. As the concrete cools, the interface stress 

decreases, and tensile strain may occur at the interface. 

2.2.2.1 Evaluation Procedure 
The one-dimensional radial numerical and analytical model SHAFT.SEAL (Case et al., 1992) 

solves for temperature and stress as a function of radial position, in either the barrier or the 

surrounding host rock. The model uses the implicit finite-difference method (Carnahan et al., 

1990) to analyze the temperature rise and fall following completion of the hydration. The 

model assumes radial conductive heat transfer to the surrounding host rock. 

The analysis used thermal and thermomechanical properties from previous modeling efforts 

(Case and Kelsall, 1986; Van Sambeek and Stormont, 1987). The proposed concrete mixture 

exhibits a double-humped hydration curve (Figure 2-12) (Van Sambeek and Stormont, 1987). 

The first "hump" results from a reaction that occurs shortly after the mixing of the concrete. 

The double-hump manifestation in the temperature-versus-time data of the expansive salt

based concrete reduces the maximum temperature by increasing the time over which the 

hydration takes place. This is beneficial in large volumes of concrete where the dissipation of 

heat in the interior of the concrete barrier is slow. The analyses used input properties for the 

candidate material as determined from laboratory studies (Van Sambeek and Stormont, 1987), 

with modifications made to account for a reduced heat of hydration for the SMC. Table 2-5 

summarizes the properties used in the analysis. The placement temperature was selected at 

ambient temperature. 
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Table 2-5 

Thermal and Thermomechanical Properties 
for SHAFT.SEAL Analysis 

Property I Value 

Barrier properties: 
Plug diameter 10 meters 

Concrete placement temperature 28°C 

Concrete Properties: 
Specific heat 980 joules/(kilogram-Celsius) 
Thermal conductivity 2.1 watts/(meters-Celsius) 
Density 2,280 kilograms/cubic meter 
Young's Modulus 28,000 MPa 
Poisson's ratio 0.20 
Thermal expansion coefficient 12.6 x 10·6 1 /°C 

Rock properties: 
Specific heat 860 joules/{kilogram-Celsius) 
Thermal conductivity 4.94 watts/(meters-Celsius) 
Density 2,300 kilograms/cubic meter 
Rock temperature 28°C 
Young's Modulus 31,000 MPa 
Poisson's ratio 0.25 
Thermal expansion coefficient 45.0 x 10·6 1/°C 

2.2.2.2 Modeling Results 

The modeling results include the temperature and stress distributions in the concrete barrier 

and the surrounding host rock at various times (Figure 2-13). The thermal analysis shows 

that temperatures initially rise uniformly due to cement hydration, maintaining a high radial 

thermal gradient within the interface zone. Thermal gradients decreased with time as 

hydration nears completion, and the heat thermally diffuses to the surrounding rock. After 

28 days, temperatures rose to about 45°C (102°F), inducing a thermal gradient and thermal 

stress at the interface zone. After this time, the temperatures fell and approached the in situ 

rock temperature after an additional 28 days. The temperatures suggest that the heat pulse 

will be short and that the placement of the concrete, combined with the high thermal 

diffusivity of the salt, will control hydration temperatures to an acceptable level. The stress 

analysis suggests that tensile stress in the concrete will be offset by the rapid buildup of 

compressive stress, due to salt creep of the host rock. 

I 
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2.2.2.3 Conclusions 
Hydration temperatures will be controlled through the selection of an appropriate concrete to 

reduce the potential for tensile cracking and separation at the interface zone. A thermal 

analysis using information on the heat of hydration of the concrete coupled with a salt-creep 

analysis suggests that, for the size of pour, placing the concrete at ambient temperature will 

control hydration temperatures. Finally, because steel formwork will be used during 

installation, such formwork will conduct heat away from the face of the concrete and thereby 

cool the concrete. 

2.2.3 Explosion Evaluations 
The methane-explosion evaluation focused on the pressure and thermal effects of such an 

explosion on the explosion-isolation wall. The DOE (1995) suggests that gas-generation 

rates, due to microbial degradation, might range from 0.01 to 0.1 moles per drum per year, 

with methane comprising 70 percent of the gas. It is estimated that the potential for a 

methane explosion would not occur prior to closure of the first waste-emplacement panel for 

a gas generation rate of 0.1 moles per drum per year. Such an explosion could occur 

approximately 20 years after closure of the first panel. This time is determined by comparing 

the percent volume concentration to the explosive limits for methane as shown in Figure 2-14. 

If the composition of the air in the closed panel were 18 percent oxygen, the explosive range 

will be from about 5 to 15 percent methane by volume. Above 15 percent methane, the 

atmosphere in an abandoned waste-emplacement panel would be "fuel rich" and would not be 

capable of sustaining an explosion. With a reduction in the amount of oxygen available, the 

explosive range narrows, and the potential will be nonexistent below a 12 percent oxygen 

composition. 

A methane explosion would generate an initial pressure transient that would impinge on the 

explosion-isolation wall. Subsequently, temperatures would rise in the panel, as well as raise 

the temperature in the explosion-isolation wall. 

2.2.3. 1 Evaluation Procedure 
Two analyses were conducted to evaluate methane-explosion effects: 1) a dynamic analysis, 

and 2) a thermal heat-transfer analysis of the explosion-isolation wall. After an explosion, the 

explosion-isolation wall would be subjected to short-term dynamic loading. The design 

pressure can be calculated as the maximum pressure times the dynamic load factor (Biggs, 

1964). The dynamic load factor will depend on the shape of the pressure-time transient. An 
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explosion will result in a wave front that will rise instantaneously and then drop gradually. In 

this study, the transient pressure pulse is idealized as having an instantaneous rise and an 

exponential decay (Figure 2-15). 

In the event of a hydrocarbon explosion: either ( 1) deflagration will result in a rapid rise of 

pressure, with no transition to a detonation, or (2) a detonation wave front will propagate as a 

supersonic shockwave. The transition to a detonation is a function of two parameters: 

( 1) the methane concentration at the time of the explosion, and (2) the ability for a wave front 

to form. In underground excavations, the latter condition typically requires a reasonably long 

passage through which the combustion wave travels and transforms to a detonation. After 

20 years, the open passage above the waste stack will be reduced in size, and it is unlikely 

that a long passage with an open geometry will exist. Further, individual rooms will be 

isolated by bulkheads at each end. Therefore, the dynamic analysis considers a deflagration. 

The second analysis involves a thermal analysis with a heat-transfer model (Appendix F). 

The heat-transfer model under the postulated explosion within the panel considers the heat 

balance between the gas and the walls of the panel for a stoichiometric mixture of methane. 

The rate at which the gas temperature will rise within the panel depends on ( 1) the number of 

moles of methane, (2) the specific heat capacity of the gas and the heat transfer to the salt 

and the walls through radiation, (3) convection along the vertical and horizontal surfaces, and 

( 4) conduction within the salt and walls. Because the properties involved in the heat transfer 

analysis are temperature-dependent, a numerical model was run using the explicit finite 

difference method. The model provided the necessary information for evaluating thermal 

effects in selecting the size of the explosion-isolation wall. 

2.2.3.2 Analysis Results 
The peak explosive pressure was taken from the pressure rising from a deflagration that is 

about 8 times the ambient pressure (2 atmospheres) at the time of the explosion. This results 

in a peak pressure of 240 psi (1.7 MPa).6 

The dynamic load factor will depend on the natural frequency of the explosion-isolation wall. 

The value for the dynamic load factor approaches a value of 2, with increased natural 

6The analysis is conservative in that the presence of the waste drums would result in dampening of the 
explosion. 
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frequency for a variety of exponential curves (Figure 2-16). Based upon this loading, an 

explosion-isolation wall was designed to adsorb the energy from such an explosion. 

The thermal-analysis results are presented in Figures 2-17 through 2-19. Figure 2-17 shows 

the gas temperature, the salt-wall temperature, and concrete wall temperature following the 

explosion. In the analysis, the gas reached a temperature of 2,500 Kelvin after about 

20 seconds and then declined with time. The gas approached ambient temperatures after 

about 1.5 hours. Figures 2-18 and 2-19 show the temperature distribution as a function of 

distance into the walls. The results show that, at the initial time, the heat transfer from 

combustion gas to the salt and walls will result in a large temperature gradient at the wall. 

At later times, heat will be conducted through the wall, and the salt and the thermal gradient 

will be reduced. After 2 hours, the elevated temperature in the wall will propagate a 

maximum of 6 inches (15 cm) into the wall. Because the explosion-isolation wall is designed 

to resist creep deformation, temperature gradients will not significantly affect the stability of 

the wall. 

2.2.3.3 Conclusions 
The explosion-isolation wall was designed for a peak deflagration pressure of 240 psi 

( 1. 7 MPa) under pseudostatic conditions, with a dynamic load factor of 2.0. Because the 

explosion-isolation wall is designed to resist creep deformation, temperature gradients will not 

significantly affect the stability at the wall. 

2.2.4 Fracture-Propagation Studies 
The fracture-propagation studies evaluated the potential for fracture propagation, using the 

results of previous analyses. These analyses included a stress analysis and explosion 

evaluations. 

2.2.4. 1 Evaluation Procedure 
The results of the thermal analysis suggest that elevated temperatures within an explosion

isolation wall and salt will be a localized phenomenon. During an explosion, which may 

potentially occur 20 years after closure of the first panel, two phenomena could affect the 

potential fracturing of the salt: ( 1) the expansion of the explosion products into existing 

fractures and (2) the potential reflection of sonic waves off free surfaces around the barrier. 

These effects were evaluated. 
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2.2.4.2 Evaluation Results 
The fractures in the roof and floor could be affected by the expansion of the gas products on 

the order of 240 psi (1.7 MPa), which decay rapidly with time and attenuate with distance. 

Around the wall, the confining stress on the order of 1,450 psi (10 MPa) could develop after 

20 years, as presented in Section 2.1.3. Horizontal fracture propagation could occur around 

the concrete barrier only if the internal gas pressure exceeded the confining pressure. 

Because the peak internal pressure from the deflagration is only about one-fifth of the 

confining pressure, fractures would not propagate through or around the main wall. 

Following an explosion, the wall would be subject to sonic waves that would impinge on the 

wall. As the sonic wave encountered a contrast in wall stiffness, a portion of the sonic wave 

would be refracted, and a portion would be reflected (Jaeger and Cook, 1972). This would 

result in minor tensile spalling of the isolation wall. 

2.2.4.3 Conclusions 
At the time of a potential explosion, the development of confining stress relative to the 

explosion pressure would prevent fracturing around the main concrete barrier. With the 

selection of a thick enough wall, the effects of a postulated methane explosion can be isolated 

from the main concrete barrier. 
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3.0 Design Description 

This chapter presents the final design selected from the evaluations performed in the previous 

chapter. It presents design modifications to cover a range of conditions that may be 

encountered in the underground and describes the design components for the panel-closure 

system. Finally, information is presented on the proposed construction for the panel-closure 

system. 

3.1 Design Concept 
The composite panel-closure system selected is (1) a standard concrete barrier, rectangular in 

shape, or (2) an enlarged tapered concrete barrier. Options (1) and (2) will be grouted along 

the interface and may contain explosion- or construction-isolation walls. Figure 3-1 illustrates 

these design components. The construction methods and materials to be used to implement 

the design have been proven in previous mining and construction projects. The standard 

concrete barrier without DRZ removal will most likely apply to future panel air-intake and 

air-exhaust drifts where the time duration between excavation and barrier emplacement is 

short. The enlarged concrete barrier with DRZ removal would apply to Panel 1 where a 

significant time lapse will occur between excavation and barrier emplacement. The design 

concept for the enlarged concrete barrier incorporates: 

• A concrete barrier that is tapered to promote the rapid stress buildup on the host 
rock. The stiffness was selected to provide rapid buildup of compressive stress 
and reduction in shear stress in the host rock. 

• The enlarged barrier requires DRZ removal just beyond Clay G and MB 139, 
and to a corresponding distance in the ribs to keep the tapered shape 
approximately spherical. The design includes DRZ removal and thereby limits 
voe flow through the panel-closure system. 

• The design of the panel-closure system includes either a construction- or an 
explosion-isolation wall designed to provide strength and deformational 
serviceability during the operational period. The length was selected to assure 
that uniform compression develops over a substantial portion of the structure and 
that end-shear loading that might result in fracturing of salt into the back is 
reduced. 

3.2 Design Options 
The design options consist of the following: 
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• An enlarged concrete barrier with the DRZ removed 
and a construction-isolation wall 

• An enlarged concrete barrier with the DRZ removed 
and an explosion-isolation wall 

• A rectangular concrete barrier without the DRZ removed 
and a construction-isolation wall 

• A rectangular concrete barrier without the DRZ removed 
and an explosion-isolation wall. 

In each case, interface grouting will be used for the upper barrier/salt interface. The process 

for selecting these options would depend on the subsurface conditions at the panel-closure 

system locations described in the following subsections. 

3.2. 1 Selection of the Concrete Barrier 
The design provides flexibility to satisfy the design migration limit for the flow of voes out 

of the panel. An enlarged concrete barrier will be selected where air-intake and air-exhaust 

drifts have fractured with age resulting in significant flow of voes. These conditions apply 

to the most severe ground conditions in the air-intake and air-exhaust drifts of Panel 1. If 

ground conditions are more favorable such as might be the case for future panel entries, then 

the panel-closure system can be simplified to a standard concrete barrier, rectangular in shape, 

with a construction-isolation wall. 

Several methods are available for detecting the location and extent of fractures in the DRZ 

(DOE, 1995). These methods include ground-penetrating radar and observation boreholes, 

which have already been used for underground fracture detection at the WIPP (DOE, 1995). 

These methods will be used to determine when conditions are favorable, and the standard 

concrete barrier can be used to limit/restrict voe flow. 

The GPR methods and other exploratory methods show where fractures are minimal in order 

to select an optimum location for the panel-closure system. In such areas, the design can be 

simplified to a standard concrete barrier without DRZ removal. The area with the least 

number of fractures as determined by these exploratory methods would mean that 

compressive stresses increase on the standard concrete barrier. The effective concrete barrier 

permeability will be reduced with time as stresses increase on the standard concrete barrier. 
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GPR is a nondestructive electromagnetic reflection technique that is sensitive to variations in 

the dielectrical constant of rock salt. The use of GPR is a proven technology for detecting 

shallow fracture zones in the underground and will have practical value in determining the 

location of a panel-closure system (IT, 1993). GPR surveys perpendicular to the long axis 

and axial surveys of the drift would provide data to determine the optimum location for the 

main concrete barrier. Fractured rock will be removed as necessary for installation of the 

concrete barrier. 

For future waste-emplacement panels, GPR will be used to monitor fracture development. 

Radar surveys could be conducted shortly after excavation to provide a baseline with which to 

compare future radar surveys. GPR will be used periodically to monitor the development of 

brittle deformation occurring in the new air-intake and air-exhaust drifts. 

Observation boreholes will be drilled into the roof or floor of the new air-intake and air

exhaust drifts and will be used for observation of fractures and bed separation. Observations 

can be made in the boreholes using a small video camera, or a scratch rod. A scratch rod 

survey will be performed in accordance with the current Excavation Effects Program (EEP) 

procedure. 

The EEP was initiated in 1986 with the occurrence of fractures in Site and Preliminary 

Design Validation Room 3. The purpose of the EEP is to study fractures that develop as a 

result of underground excavation at the WIPP and to monitor those fractures. Borehole 

inspections have been successful for determining the fracturing and bed separation in the host 

rock. These inspections have been performed since 1983 (Francke and Terrill, 1993). This 

technique in addition to the above will be used to determine the optimum location for the 

panel-closure system. 

3.2.2 Selection of an Explosion- or Construction-Isolation Wall 

While no requirements for barricading waste areas exist under the MSHA, the intent of the 

regulations is to safely isolate abandoned areas from active workings using barricades of 

"substantial construction." The previous analysis (DOE, 1995) examined the issue of methane 

gas generation from TRU waste and its potential consequence in closed areas. The principal 

concern is the occurrence of an explosive mixture of methane and an ignition source, which 

would result in deflagration. If a methane explosion is considered possible, an explosion

isolation wall of sufficient thickness will be used to resist dynamic and creep loads. In the 

absence of explosive conditions, a construction-isolation wall will be used. 
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3.3 Design Components 
The following subsections present system and components design features. 

3.3. 1 Concrete Barrier 
The enlarged concrete barrier consists of plain concrete, with sufficient unconfined 

compressive strength and with an approximately circular cross-section excavated into the salt 

over the central portion of the barrier (Figure 3-2). The enlarged concrete barrier will be 

located at the optimum locations in the air-intake and air-exhaust drifts with the central 

portion extending just beyond Clay G and MB 139. 

The enlarged concrete barrier will be placed in four cells, with construction joints 

perpendicular to the direction of potential air flow. The concrete strength will be selected 

according to the standards specified by the latest edition of the ACI code for plain concrete. 

The concrete will be placed through 6-inch- (15-cm)-diameter steel pipes and vibrated from 

outside the formwork. The formwork is designed to withstand the hydrostatic loads during 

construction, with minimal bracing onto exposed salt surfaces. This will be accomplished by 

placing a series of steel plates that are stiffened by angle iron, with load reactions carried by 

spacer rods. The spacer rods will be staggered to reduce potential flow along the rod surfaces 

through the barrier. Some exterior bracing will be required when the first cell is poured. All 

structural steel will be ASTM A36, with detailing, fabrication, and erection of structural steel 

in conformance with the latest edition of the AISC steel manual (AISC, 1989). After 

concrete placement, the formwork will be left in place. 

The above design is for the most severe conditions expected to be encountered at the WIPP. 

If actual conditions are found to be more favorable (i.e., if the age of the entries at the time 

of emplacement is less, and if the fractured DRZ does not develop, or there is adequate 

design margin for the flow of VOCs), the design can be simplified to a rectangular barrier 

without DRZ removal (Figure 3-3). 

3.3.2 Explosion- and Construction-Isolation Walls 
An explosion-isolation wall, consisting of concrete-blocks, will mitigate the effects of a 

postulated methane explosion. The explosion-isolation wall consists of 3,500-psi (24-MPa) 

concrete blocks mortared together with cement (Figure 3-4). 

The concrete block wall design complies with MSHA requirements (MSHA, 1987) because it 

uses incombustible materials of substantial construction. The explosion-isolation wall will be 
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placed into the salt for support. The explosion-isolation walls are designed to resist creep 

loading from salt deformation. In the absence of the postulated methane explosion, the design 

will be simplified to a construction-isolation wall. The construction-isolation wall design 

provides temporary isolation during the time the main concrete barrier is being constructed. 

3.3.3 Interface Grouting 
After construction of the main concrete barrier, the interface between the main concrete 

barrier and the salt will be grouted through a series of grout-supply and air-return lines that 

will terminate in grout distribution collection boxes. The openings in these boxes will be 

protected during concrete placement (Figure 3-5). The grout boxes will be mounted near the 

top of the barrier. The grout will be injected through one distribution system, with air and 

return grout flowing through a second distribution system. 

3.4 Panel-Closure System Construction 
The construction methods and materials to be used to implement the design have been proven 

in previous mining and construction projects. The design uses common construction practices 

according to existing standards. The proposed construction sequence follows completion of 

the waste-emplacement activities in each panel: (1) Perform subsurface exploration to 

determine the optimum location for the panel closure system, (2) select the appropriate design 

option for the location, (3) prepare surfaces for the construction- or explosion-isolation walls 

(if required), (4) install these walls, (5) excavate for the enlarged concrete barrier (if 

required), (6) install concrete formwork, (7) emplace concrete for the first cell, (8) grout the 

completed cell, and (9) install subsequent formwork, concrete and grout until completion of 

the enlarged concrete barrier. 

The explosion-isolation or construction-isolation walls will be located at some distance from 

the main concrete barrier. The host rock will be excavated 6 inches (15 ems) around the 

entire perimeter prior to installing the explosion-isolation wall. The surface preparation will 

produce a level surface for placing the first layer of concrete blocks. Excavation may be 

performed by either mechanical or manual means. 

Excavation for the enlarged concrete barrier will be performed using mechanical means, such 

as a cutting head on a suitable boom. The existing roadheader at the main barrier location in 

each drift is capable of excavating the back and the portions of the ribs above the floor level. 

Some manual excavation may be required in this situation as well. If mechanical means are 

not available, drilling boreholes and an expansive agent can be used to fragment the rock 
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(Fernandez et al., 1989). Excavation will follow the lines and grades established for the 

design. The roof will be excavated to just above Clay G and then the floor to just below 

MB 139 to remove the DRZ. The tolerances for the enlarged concrete-barrier excavation are 

+6 to 0 inches (+15 to 0 cm). In addition, loose or spalling rock from the excavation surface 

will be removed to provide an appropriate surface abutting the enlarged concrete barrier. The 

excavations will be performed according to approved ground control plans. 

Following completion of the roof excavation for the enlarged barrier, the floor will be 

excavated. If mechanical means are not available, drilling boreholes and using an expansive 

agent to fragment the rock (Fernandez et al., 1989) is a method that can be used. Expansive 

agents would load the rock salt and anhydrite, producing localized tensile fracturing in a 

controlled manner, to produce a sound surface. 

A batch plant at the surface or underground will be prepared for batching, mixing, and 

delivering the concrete to the underground in sufficient quantity to complete placement of the 

concrete within one form cell. The placement of concrete will be continuous until 

completion, with a target time for completing one section of 8 to 10 hours, allowing an 

additional 2 hours for cleanup of equipment. 

Pumping equipment suitable for placing the concrete into the forms will be provided at the 

main concrete barrier location. After transporting, and prior to pumping, the concrete will be 

remixed to compensate for segregation of aggregate during transport. Batch concrete will be 

checked at the surf ace at the time of mixing and again at the point of transfer to the pump for 

slump and temperature. Admixtures may be added at the remix stage in accordance with the 

batch design. 
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4.0 Design Calculations 

Table 4-1 summarizes calculations to support the construction details for an explosion

isolation wall, construction-isolation wall, and structural steel formwork for concrete barriers 

up to a 29-ft high. The codes for the explosion-isolation and construction-isolation wall are 

specified by the Uniform Building Code (International Conference of Building Officials, 

1994), with related seismic design requirements. The external loads for the solid block wall 

are as developed in the methane-explosion and fracture propagation design evaluations. 

Table 4-1 

Constructability Design Calculations Index 

I Section I Design Area I Category 

1.0 Explosion-isolation wall w 
2.0 Explosion-isolation wall seismic check s 
3.0 Formwork design F 

I 

The structural formwork for all cells is designed in accordance with the AISC guidelines on 

allowable stress (AISC, 1989). Lateral pressures are developed using ACI 347R-88, using a 

standard concrete weighing 150 pounds per cubic foot (2,410 kg/m3) with a slump of 8 inches 

(20 cm) or less. Design loadings reflect full hydrostatic head of concrete, with lifts spaced at 

4 ft ( 1.2 m) intervals from bottom to top through portals, with no external vibration. All 

forms will remain in place. 
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5.0 Technical Specifications 

The specifications are in the engineering file room at the WIPP and are the property of 

Westinghouse WID. These specifications are included as an attachment in Appendix G and 

summarized in Table 5-1. 

Table 5-1 

Technical Specifications for the WIPP Panel-Closure System 

Division 1 - General Requirements 

Section 01010 Summary of Work 

Section 01090 Reference Standards 

Section 01400 Contractor Quality Control 

Section 01600 Material and Equipment 

Division 2 - Site Work 

Section 0201 O Mobilization and Demobilization 

Section 02222 Excavation 

Section 02722 Grouting 

Division 3 - Concrete 

Section 03100 Concrete Formwork 

Section 03300 Cast-in-Place Concrete 

Division 4 - Masonry 

Section 04100 Mortar 

Section 04300 Unit Masonry System 
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6.0 Drawings 

The drawings (Appendix H) are in the engineering file room at the WIPP and are the property 

of the Westinghouse WID and summarized in Table 6-1. 

I Drawing Number 

762447-E1 

762447-E2 

762447-E3 

762447-E4 

762447-ES 

762447-E6 

AUi 1-951WPIWIP:R3830 

Table 6-1 

Panel-Closure System Drawings 

I Title 

Title Sheet 

Underground Waste Disposal Plan 

Air Intake Drift Construction Details 

Air Exhaust Drift Construction Details 

I 

Construction and Explosion Barrier Construction Details 

Grouting and Miscellaneous Details 
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7.0 Conclusions 

This chapter presents the conclusions for the detailed design activities of the panel-closure 

system. A design basis, including the operational requirements, the structural and material 

requirements, and the construction requirements, was developed that addresses the governing 

regulations for the panel-closure system. Table 7-1 summarizes the design basis for the 

panel-closure system and the compliance with the design basis. The panel-closure system 

design incorporates mitigative measures to address the treatment of fractures and therefore 

counter the potential migration of VOCs. Several alternatives were evaluated for the 

treatment of fractures. These included excavation and emplacement of a fully enlarged 

barrier with removal of the DRZ, excavation of the roof and emplacement of a partially 

enlarged barrier, and emplacement of a standard barrier with formation grouting. 

To investigate several key design issues and to implement the design, design evaluations were 

performed. These design evaluations can be divided into evaluations satisfying the 

operational requirements of the system and evaluations satisfying the structural and materials 

requirements of the system. The conclusions reached from the evaluations addressing the 

operational requirements are as follows: 

• Based on an air-flow model used to predict the mass flow rate of carbon 
tetrachloride through the panel-closure system for the alternatives, the air-flow 
analysis suggests that the fully enlarged barrier is the most protective for 
restricting voes during the operational period of 35 years. 

• Results of the FLAC analyses show that the recommended enlarged 
configuration is a circular rib-segment excavated to Clay G and under MB 139. 
Interface grouting would be performed at the upper boundary of the concrete 
barrier. 

• The results of the transverse plane-strain models show that high stresses would 
form in MB 139 following excavation, but that after installation of the panel
closure system, an increase in barrier-confining stress and a reduction in shear 
stress would result. The concrete barrier would provide substantial uniform 
confining stresses as the barrier is subjected to secondary salt creep. 

• The removal of the fractured salt prior to installation of the main concrete barrier 
would reduce the potential for flexure. With the removal of MB 139, the 
fractured salt stiffens the surrounding rock and results in the development of 
more uniform compression. 
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Table 7-1 

Compliance of the Design with the Design Requirements 

Compliance with 
Requirement Section Requirement Notes on Compliance 

Individual panels shall be closed in accordance with the 2.1.1 Complies Gas-flow models used for design are 
schedule of actual waste emplacement. based on the waste-emplacement 

operational schedule. 

The panel-closure system shall provide assurance that the limit 2.1.1, Complies Gas-flow modeling shows that the VOC 
for the migration of volatile organic compounds (VOC) of 2.1.2 flow is less than the design migration 
concern will be met at the point of compliance. To achieve this limit. 
assurance, the design shall consider the potential flow of voes 
through the several components of the disturbed rock zone and 
the panel-closure system. 

The panel-closure system shall comply with its intended 2.1.2, Complies Stress analyses and design calculations 
functional requirements under loads generated from creep 4.0 show that the panel-closure system 
closure and any internal pressure that might develop in the performs as intended. 
disposal panel under reasonably anticipated conditions. 

The panel-closure system shall comply with its intended 2.2.3, Complies The methane explosion studies, fracture 
functional requirements under a postulated methane explosion. 2.2.4, propagation studies, and supporting 

4.0 design calculations show that the panel-
closure system performs as intended. 

The operational life of the panel-closure system shall be at 2.1.1 Complies Gas-flow modeling and analyses shows 
least 35 years. satisfactory performance for at least 

35 years . 

The panel-closure system for each individual panel shall not 3.2 Complies Passive design components require no 
require routine maintenance during its operational life. routine maintenance. 

The panel-closure system shall address the most severe 2.1.1 Complies Design is based upon flow and structural 
ground conditions expected in the panel entries. If actual 2.1.3 analyses for the most severe expected 
conditions are found to be more favorable, this design can be 3.2 ground conditions. If conditions are less 
simplified and still satisfy the operational requirements of the severe, simpler design options are used. 
system. The various design options accommodate 

all expected conditions. 
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Table 7-1 (Continued) 

Compliance of Design with the Design Requirements 

Compliance with 
Requirement Section Requirement 

The panel-closure system shall be emplaced in the air-intake 3.2 Complies 
and air-exhaust drifts identified by Westinghouse (1995c) 

The panel-closure system shall consist of a concrete barrier 3.2, Complies 
and construction-isolation and explosion-isolation walls with 3.3 
dimensions to satisfy the operational requirements of the 
system. 

The design class for the panel-closure system shall be lllb. 3.4 Complies 
Design and construction shall follow conventional mining and 
construction practices. 

The structural analysis for the underground shall use the 2.1.2 Complies 
empirical data acquired from the WIPP Excavation Effects 
Program. 

The panel-closure system materials shall be compatible with 2.2.1 Complies 
their emplacement environment and function. Surface 
treatment between the host rock and the panel-closure system 
shall be considered in the design. 

The selection and placement of concrete in the concrete barrier 2.2.2 Complies 
shall address potential thermal cracking due to the heat of 
hydration. 

The panel-closure system shall sustain the dynamic pressure 2.2.3, Complies 
and subsequent temperature generated by a postulated 2.2.4, 
methane explosion. 4.0 

Notes on Compliance 

The design shows placement in the 
designated areas for panel closure. 

The panel-closure system design uses 
the identified components with 
dimensions to satisfy the operational 
requirements of the system. 

Components are designed according to 
Class lllb. The construction sequence 
for the design followed conventional 
mining practices . 

The structural analysis uses properties 
that model creep closure for stress 
analyses from data acquired in the WIPP 
Excavation Effects Program. 

The material compatibility studies showed 
no degradation of materials and no need 
for surface treatment. 

The heat generation studies show that 
hydration temperatures are controlled by 
appropriate selection of cement type and 
placement temperature. 

The methane explosion study shows that 
the explosion-isolation wall protects the 
concrete barrier from pressure loading 
and thermal loading. The fracture 
propagation study shows that the system 
performs as intended. 
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Table 7-1 (Continued) 

Compliance of Design with the Design Requirements 

Compliance with 
Requirement Section Requirement 

The panel-closure system shall use to the extent possible 3.4 Complies 
normal construction practices according to existing standards. 

During construction of the panel-closure system, a quality 3.4 Complies 
assurance/quality control program shall be established to verify 
material properties and construction practices. 

The construction specification shall take into account the shaft 3.4 Complies 
and underground access capacities and services for materials 
handling. 

Notes on Compliance 

The specifications include normal 
construction practices used in the 
underground at WIPP and according to 
the most current steel and concrete 
specifications. 

The specifications include materials 
testing to verify material properties and 
construction practices. 

The specifications allow construction 
within the capacities of underground 
access. 



• The trade-off study also showed that a panel-closure system with an enlarged 
concrete barrier with the removal of the fractured salt roof and anhydrite in the 
floor was found to be the most protective. 

The conclusions reached from the design evaluations addressing the structural and material 

requirements of the panel-closure system are as follows: 

• Existing information on the heat of hydration of the concrete supports placing 
concrete with a low cement content to reduce the temperature rise associated 
with hydration. The slump at the required strength would be achieved through 
the use of plasticizers. A thermal analysis coupled with a salt creep analysis 
suggest installation of the enlarged barrier at or below ambient temperatures to 
adequately control hydration temperatures. 

• In addition to installation at or below ambient temperatures, the concrete used in 
the main concrete barrier would exhibit the following: 

An 8 inch (0.2 meter) slump after 3 hours of intermittent mixing 
A less-than-25-degree Fahrenheit heat rise prior to installation 
An unconfined compressive strength of 4,000 psi (28 MPa) after 28 days 
Volume stability 
Minimal entrained air. 

• The trace amounts of brine from the salt at the repository horizon should not 
degrade the main concrete barrier for at least 35 years. 

• In 20 years, the open passage above the waste stack would be reduced in size. 
Further, rooms with bulkheads at each end would be isolated in the panel. It is 
unlikely that a long passage with an open geometry would exist; therefore, the 
dynamic analysis considered a deflagration with a peak explosive pressure of 
240 psi (1.7 MPa). 

• The heat-transfer analysis shows that elevated temperatures would occur within 
the salt and the explosion-isolation wall; however, the elevated temperatures will 
be isolated by the panel-closure system. Temperature gradients will not 
significantly affect the stability of the wall. 

• The fractures in the roof and floor could be affected by expanding gas products 
reaching pressures of the order of 240 psi (1.7 MPa). Because the peak internal 
pressure from the deflagration is only one fifth of the pressure, fractures could 
not propagate beyond the wall. 

The design options to satisfy the design requirements for the panel-closure system include 

(1) a standard barrier, rectangular in shape, or (2) an enlarged concrete barrier, approximately 

AUi I -95/WP/WIP:R3830 7-5 762447.04.05.00.00 01/10196 1:23prr. 



spherical in shape. Options (1) and (2) will be grouted at the interface and may contain 

explosion- or construction-isolation walls. 

The design provides flexibility to satisfy the design migration limit for the flow of voes out 

of the panels. An enlarged concrete barrier would be selected where the air-intake and air

exhaust drifts have aged and where there is fracturing resulting in significant flow of voes. 

These conditions apply to the most severe ground conditions in the air-intake and air-exhaust 

drifts of Panel 1. If ground conditions are more favorable, such as might be the case for 

future panel entries, the design can be simplified to a standard concrete barrier rectangular in 

shape, with a construction isolation wall. GPR and observation boreholes are available for 

detecting the location and extent of fractures in the DRZ. These methods will be used to 

select the optimum location and appropriate panel-closure system. 

The design is presented in this report as a series of calculations, engineering drawings, and 

technical performance specifications. The drawings illustrate the construction details for the 

system. The technical performance specifications cover the general requirements of the 

system, site work, concrete, and masonry. Information on the proposed construction method 

is also presented. 

The design complies with all aspects of the design basis established for the WIPP panel

closure system. The design can be constructed in the underground environment with no 

special requirements at the WIPP. 
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APPENDIX A 
DERIVATION OF RELATIONSHIPS FOR THE 

AIR-FLOW MODELS 

A 1.0 Introduction, _______________ _ 
This appendix shows the unrestricted and restricted air-flow models used to determine the 

performance of the panel closure system alternatives. These analyses are order-of-magnitude 

estimates of the volume of gas that might flow through the panel seal systems at the Waste 

Isolation Pilot Plant (WIPP). 

A2.0 Model for Unrestricted Flow of VOCs _____ _ 
A model for the unrestricted flow of volatile organic compounds (VOe) was developed to 

predict the mass flow rates of voes and to compare this mass flow rate to the design 

migration limit for voes. As gas generation and panel volumetric creep closure proceed, a 

mixture of gases containing the voe concentrations flows from each waste container. It is 

assumed for the unrestricted flow model that the headspace concentrations serve as a constant 

source of voes. This assumption is highly conservative, because most containers only have 

trace quantities of voes either trapped in the headspace or adsorbed on the surfaces of the 

various waste forms. It is believed that only a small number of waste containers have 

significantly greater sources of voes, such as a solvent-soaked rag or a can containing 

residual partially dried paint. Only these waste containers have a likelihood of maintaining a 

constant headspace VOe concentration as gas generation proceeds. However, the exact 

proportion of waste containers with higher voe concentrations versus those with trace 

quantities is currently unknown. These data are based on results of the characterization of 

approximately 500 transuranic (TRU) mixed waste drums at the Idaho National Engineering 

Laboratory (INEL) and Rocky Flats. 

The VOes migrate due to advection from volumetric closure of the panel void space at a rate 

of about 28,250 ft3 (800 m3
) per year. Gas generation for the waste inventory at a rate of 

0.1 mole per drum per year (8,200 moles per panel per year) results in a volumetric flow rate 

of 7 ,060 ft3 (200 m3
) per year. Because flow is unrestricted, the voes migrate under a 

pressure of one atmosphere. Other assumptions in the unrestricted model are as follows: 
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• Any gases released into the mine atmosphere would be reduced in concentration 
by 460,0001 cfm of uncontaminated air. The mass flow rate of individual 
voes from individual panels following their closure is summed to determine the 
mass flow rate of voes through the exhaust shaft. 

• This calculation considers the schedule for closure of individual panels as 
illustrated in Figure A-1 during the operational life of the WIPP. The VOC 
mass flow rate changes with time, with the maximum mass flow release 
occurring after 10 panel equivalents have been closed, about 25 years. 

• Each VOC is analyzed in the calculations. Carbon tetrachloride is the most 
restrictive voe in terms of satisfying the health-based levels for individual 
voes. 

• Open panels of waste will not be considered as a source contributing to the 
emissions for a no-migration demonstration. 

Considering only advection to result in the migration of VOCs, the mass-balance relationship 

1s: 

where 

CP = Head space concentration for an individual VOC 

~ = Flow rate of VOCs from the panel that may vary with time 

Ces = Concentration of VOCs at the exhaust shaft. 

Qes = Underground ventilation flow rate for the exhaust shaft 

Air dispersion modeling is used for evaluating the receptor concentrations at the WIPP site 

boundary based upon the exhaust shaft source term. The air dispersion modeling considers 

such factors as meteorological data, release velocity, release temperature, and proximity of the 

WIPP site boundary to the exhaust shaft The results of the modeling are expressed as a ratio 

R of the concentration at the exhaust shaft to the concentration at at the WIPP site boundary: 

CBS::::; RChbl 

This inequality can be expressed in terms of mass flow rate: 

1The design ventilation rate for the WIPP underground is 425,000 standard cfm (12,000 standard m3 per minute) 
under standard temperature and pressure conditions of 25 degrees Celsius and 1 atmosphere. The ventilation flow 
rate of 460,000 cfm (13,025 m3 per minute) is the observed ventilation rate at the repository horizon under actual 
temperature and pressure conditions. 
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where 

R = Ratio of the concentrations at the exhaust shaft to the concentrations at the 
WIPP site boundary 

Cbbl = Concentration to satisfy the health-based level for the individual VOC. 

The ratio of the concentrations at the WIPP site boundary, R equals 10,753, reflecting the 

substantial atmospheric dispersion in reducing the concentration of voes. 

The flow rates of VOCs from the panels are calculated for two mechanisms, gas generation 

and volumetric closure, using the following: 

where 

Qp = Qgr + QC 

Qgr = Volumetric flow rate due to gas generation2 (200 m3 per year per panel) 

~ = Volumetric flow rate due to panel volumetric closure (800 m3 per year per 
panel). 

Table A-1 presents the closed panel release limits (migration limits) for VOCs based upon the 

health-based concentrations of individual VOCs. This inequality can be rewritten as: 

CP·QP ~ Chb,-Qes·R 

Table A-2 presents for a single closed panel and ten equivalent closed panels, the release rate 

for individual voes at the end of the 35-year operating period. 

For the WIPP site boundary, the VOC concentrations are reduced substantially in the 

atmosphere. The above analysis shows that the concentration at the WIPP site boundary 

would be approximately 4 orders of magnitude lower than the concentration at the exhaust 

shaft. The predicted VOC mass flow rates due to unrestricted flow suffice to comply with the 

2The volumetric flow due to gas generation is calculated as the gas generation rate (0.1 moles per drum per year) 
times the number of drums within a panel times the specific volume under atmospheric pressure. 
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Table A-1 
Closed Panel Release Limits for VOCs 

WIPP Site Boundary Health- Exhaust Shaft Concentration Closed Ten Panel 
Based Exposure Level8 Migration Limit Migration Limit 

Compound (micrograms per cubic meter) (micrograms per cubic meter) (grams per minute) 

Carbon disulfide 10.00 107,530 1,400 

Carbon tetrachloride 0.13 1,398 18 

Chlorobenzene 20.00 215,060 2,801 

Chloroform 0.09 968 13 

1 , 1-dichloroethylene 0.40 4,301 56 

Methyl ethyl ketone 1000.00 10,753,000 140,045 

Methylene chloride 4.26 45,808 597 

1, 1,2,2-tetrachoroethane 0.35 3,764 49 

Toluene 400.00 4,301,200 56,018 

Table A-2 
Closed Panel Release Rates for VOCs 

Single-Panel Ten-Panel Ten-Panel 
Volumetric- Volumetric- Single-Panel Mass-Release 

Average Headspace Release Rate Release Rate Mass-Release Rate 
Concentration (milligrams (cubic meters (cubic meters Rate (grams (grams per 

Compound per cubic meter)8 per minute) per minute) per minute) minute) 

Carbon disulfide 0.41 0.0019 0.019 7.80 x 10"7 7.80 x 10"6 

Carbon tetrachloride 3625.77 0.0019 0.019 6.90 x 10·3 6.90 x 10·2 

Chlorobenzene 63.99 0.0019 0.019 1.22 x 10"4 1.22 x 10"3 

Chloroform 76.79 0.0019 0.019 1.46 x 10"4 1.46 x 10·3 

1, 1-dichloroethylene 48.68 0.0019 0.019 9.26 x 10·5 9.26 x 10"4 

Methyl ethyl ketone 241.73 0.0019 0.019 4.60 x 10"4 4.60 x 10·3 

Methylene chloride 3387.03 0.0019 0.019 6.45 x 10·3 6.45 x 10·2 

1, 1,2,2-tetrachloroethane 69.65 0.0019 0.019 1.33 x 10"4 1.33 x 10"3 

Toluene 105.51 0.0019 0.019 2.01 x 10"4 2.01x10·3 

8Westinghouse Electric Corporation, 1995, "Underground Hazardous Waste Management Unit Closure Criteria for the Waste Isolation 
Pilot Plant Operational Phase,• WID/WIPP-2038, Westinghouse Electric Corporation, Waste Isolation Division, Carlsbad, New Mexico. 

AUi J -95/WP/WIP:R35 I 9-A A-5 762447.04.06 01/09/96 3:16pm 



closed ten-panel migration limit based upon the health-based levels at the WIPP site boundary 

over the operational life of the repository. 

A3.0 Air Model _______________ _ 

The modeling assumptions for the restricted air-flow model are as follows: 

• The gases are generated at a specified rate (0.10 moles per drum per year). 

• The gases flow out of the panel entries according to Darcy's law under quasi
steady state conditions. 

• The gases within the pore space obey the ideal gas law 

• The rates of gas generation, gas outflow, and change in compressive storage 
must balance. 

• Hydrodynamic dispersion is neglected in the analysis. 

After panel closure, the volume, moles of gas, and pressure are changing as functions of time. 

The ideal gas law (Hiller and Herber, 1960) is written as: 

where 

p =Pressure 

n = Moles of gas in the panel 

R =Universal gas constant 

T = Absolute temperature 

V =Volume 

n*R*T p = --,v,...,---

Differentiating with respect to t and using the chain rule, we obtain the following relationship: 

dn * V-n* dV 
dp = R * T * dt dt 
dt v2 

The volumetric closure rate is negative and constant as discussed below. The rate at which 

gas enters the panel minus the rate that gas leaves the panel must equal the change in moles 

stored. We obtain the mass-balance relationship: 
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dn = g _ p K * A * p-p atm 
dt r R*T * 5 T y 

where 

gr = Panel gas generation rate 

Patm = Atmospheric pressure 

'Y = Air density 

Ks = Effective panel closure system conductivity 

A = Cross-sectional area 

L = Length of flow path 

We define the conductance (C) as: 

A 
C =Ks*

L 

and substituting into the ordinary differential equations (ODE), we obtain 

dn _ p C P-Patm 
- - g,--- * *---
dt R*T y 

These two first-order coupled ODEs can be solved by a simple explicit finite difference 

technique: 

Pj-1 C Pj-1 - Patm V dV g - * * * - n- 1 * -' R*T y J-
R T - -----------------d_t * At Pi = Pj-1 + * * Ll. v2 
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where 

Pj• nj 

Pj-1 • nj-1 

= the pressure and moles of gas at the current time step 

= the pressure and moles of gas at the previous time step 

subject to the boundary condition that the initial pressure equals atmospheric pressure, and the 

initial moles of gas can be determined by the ideal gas law at initial volume and pressure. 

Further note that the volume can be expressed as the linear function: 

V(t) = a * t + ~ 

where 

a = slope of the volume-time relationship 

~ = intercept of volume-time relationship 

t =time 

These expressions can be substituted into the above explicit finite difference relationships, and 

the pressure and molar air flow rates determined as functions of time. 

dV 
=a 

dt 
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APPENDIX 8 
CALCULATIONS IN SUPPORT OF PANEL GAS 
PRESSURIZATION DUE TO CREEP CLOSURE 

B.1.0 Introduction _______________ _ 
This appendix presents the closure mechanisms and supporting calculations for panel 

volumetric closure for the analysis of gas pressurization within a closed panel at the Waste 

Isolation Pilot Plant (WIPP). The volume reduction is due to the panel volume change from 

viscoplastic creep closure of the walls, roof, and floor. As the walls, roof, and floor of the 

excavations converge, the total volume of the panel decreases. The volumetric closure of a 

panel is the result of several different mechanisms working in tandem. These mechanisms 

include: 

• Viscoplastic creep of the salt toward the excavation 

• Fracturing in the roof and floor caused by the deviatoric stresses 
around the excavation 

• Bed separation at the clay seams in the roof and the floor. 

The combination of these three mechanisms causes the observed convergence rates in 

Panel 1. Of these mechanisms, only creep of the salt reduces the total volume of the panel 

and pore space in the surrounding disturbed rock zone (DRZ). Fracturing in the roof and 

floor and bed separation transfer the void volume within the excavation to the DRZ. This 

void volume within the DRZ is assumed to be interconnected with the open excavation. 

Therefore the total reduction in volume within the panel, based simply on room closure, 

overestimates the effective reduction in void volume. However, quantifying the amount of 

interconnected void space within the DRZ would require a much more detailed analysis. The 

total volume change calculated from the room closure measurements is therefore considered 

conservative. 

Other assumptions made in this calculation are: 

• The volumetric closure rates are constant after panel closure. 

• The waste in the panel provides no significant resistance to creep closure during 
the initial 35 years. 
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• The air volume is the total volume of the excavations minus the solid volume of 
the waste in drums or other waste packages. This is estimated to equal 
138,000 ft3 (3,908 m3

). 

• The closure rate of each room in the panel equals the closure rate at the 
midpoint of the room. 

• The length of each room or drift is constant; to simplify the calculations, only 
the width and height change with creep closure. 

• The panel is comprised of seven rooms and two panel access drifts. 

8.2.0 Panel Volume Change Calculation _______ _ 
The panel volume change calculation is performed by first calculating the initial panel 

volume, then calculating the room and drift closure rates, and finally calculating the panel 

volumetric closure rate. Following is a detailed description of each part of the calculation. 

8.2. 1 Initial Panel Volume 
The initial panel volume is determined immediately after completion of excavation. The total 

volume is calculated by summing the individual room and drift volumes within the panel. 

These volumes are based on the as-built dimensions of the excavated rooms and drifts in 

Panel 1 (DOE, 1993). Table B-1 presents the room and drift dimensions and the calculated 

volume of each room and drift. The volume of the air-intake and air-exhaust drifts is not 

included. The total initial volume of Panel 1 is 1,669,434 ft3 (47,273 m3
). 

The total solid volume of the waste in a filled panel is 138,000 ft3 (3,908 m3
) (DOE, 1994; 

Butcher, et al., 1991). Subtracting the waste volume from the total panel volume gives the 

total initial air volume (1,531,434 ft3 [43,365 m3
]) in the panel. 

B.2.2 Closure Rates 
Using convergence data from Panel 1 the average closure rates of the rooms and drifts are 

determined (DOE, 1993). Closure rates within the rooms and drifts are higher in the first five 

years after excavation. The roof-to-floor and wall-to-wall closure rates for each of the rooms 

and drifts are presented in Table B-2. 

Because all of the excavations in Panel 1 are approximately 13 x 33 ft (4 x 10 m), the closure 

rates for each room or drift are the same. 
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Table 8-1 

Initial Room and Drift Dimensions and Volume 
of Panel 1 

Initial Initial Initial 
Width Height Length 

Room or Drift (ft) (ft) (ft) 

Room 1 33 13 300 

Room2 33 13 300 

Room 3 33 13 300 

Room4 33 13 300 

Rooms 33 13 300 

Room6 33 13 300 

Room 7 33 14 300 

South 1950 panel access 33 14 848 
drift 

South 1600 from Room 1 to 33 13 573 
Room 5 

South 1600 from Room 5 to 33 14 262 
Room 7 

Total Initial Panel Volume 

8.2.3 Volumetric Panel Closure Rate 

Initial 
Volume 

(tt3) 

128,700 

128,700 

128,700 

128,700 

128,700 

128,700 

138,600 

391,776 

245,817 

121,044 

1,669,437 

Using the closure rates from Table B-2, the dimensions of the rooms and drifts in Panel 1 can 

be calculated at the end of each progressive year or for subsequent years using the following 

equations. 

For 0 to 5 years after excavation: 
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Table B-2 

Room and Drift Closure Rates 
(DOE, 1993) 

Vertical Closure Rate Horizontal Closure Rate 

Oto 5 Years > 5 Years Oto 5 Years > 5 Years 
Room or Drift (ft/yr) 

Room 1 0.3194 

Room2 0.3194 

Room3 0.3194 

Room4 0.3194 

Rooms 0.3194 

Room 6 0.3194 

Room 7 0.3194 

South 1950 panel access drift 0.3194 

South 1600 from Room 1 to 0.3194 
Room 5 

South 1600 from Room 5 to 0.3194 
Room 7 

For greater than 5 years after excavation: 

where 

Vt =Volume of the room at time t 
t = Time (in years) 
wi =Initial room width 
hi = Initial room height 
li = Initial room length 
RH = Horizontal closure rate (ft/year) 

(ft/yr) 

0.2109 

0.2109 

0.2109 

0.2109 

0.2109 

0.2109 

0.2109 

0.2109 

0.2109 

0.2109 

Rvo = Vertical closure rate for first 5 years (ft/year) 
Rv5 = Vertical closure rate after 5 years (ft/year). 

We obtain the incremental change in volume: 
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(ft/yr) (ft/yr) 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 

0.2234 0.1160 
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where 

V1 =Volume of room at time t1 (ft3
) 

V 2 = Volume of room at time ti (ft3
) 

~ V =Change in volume of room between time t1 and ti (ft3) 

t1, ti = Years after excavation 

The volume of all the rooms within the panel is calculated at the time of four years after 

excavation, when the waste is assumed to have been emplaced the amount of time required 

for waste emplacement (Table B-3). The total volume of the panel after four years is 

1,469,112 ft3 (41,601 m3
). The volume of the panel is then calculated at five years after 

excavation or one year after panel closure (Table B-3). This volume is 1,420,312 ft3 

(40,219 m3
), and the volume reduction in that year is 48,800 ft3 (1,382 m3

). 

The initial volume in a closed panel after approximately four years is obtained from the total 

volume at four years (1,469,112 ft3 [41,601 m3
]) minus the solids volume (138,000 ft3 

•• ..,, [3,908 m3
]), or 1,331,112 ft3 (37,693 m3

). This volume is used as the initial volume for the 

restricted air-flow model calculations. 

The rate of change for panel volume is assumed to be constant for the first five years after 

excavation, because the vertical and horizontal closure rates are constant during this period. 

(Actually, rate of volume change over time decreases slightly with each year due to "corner 

effects," but this error is less than 2 percent and is considered insignificant.) Table B-3 also 

shows the panel volumes at 15 and 16 years after excavation and the change in volume 

between those years. The volumetric panel closure rate is 28,673 ft3 per year (812 m3 per 

year). This is the rate in volume change per year in the panel from five to approximately 35 

years after excavation. 

At approximately 16 years after excavation, the roof comes in contact with the waste stack. 

Only 35 years after excavation does the waste stack begin to provide significant resistance to 

creep (approximately 2 MPa). This resistance is expected to slow the vertical convergence 

rate by some amount. 
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Table B-3 

Panel Volume at Various Times 

Volume of Room (tt3} 

Room or Drift At 4 Years At 5 Years At 15 Years At 16 Years 

Room 1 112,914 109,069 85,662 83,401 

Room 2 112,914 109,069 85,662 83,401 

Room 3 112,914 109,069 85,662 83,401 

Room4 112,914 109,069 85,662 83,401 

Room 5 112,914 109,069 85,662 83,401 

Room 6 112,914 109,069 85,662 83,401 

Room 7 122,545 118,633 94,879 92,583 

South 1950 panel access 346,395 335,337 268,191 261,702 
drift 

South 1600 from Room 1 215,665 208,321 163,614 159,296 
to Room 5 

South 1600 from Room 5 107,023 103,607 82,861 80,856 
to Room 7 

Total Volume of Panel 1 1,469,112 1,420,312 1,123,529 1,094,856 

Change in Volume 48,800 28,673 

8.3.0 References ________________ _ 

Butcher, B. M., T. W. Thompson, R. G. VanBuskirk, N. C. Patti, 1991, "Mechanical 
Compaction of Waste Isolation Pilot Plant Simulated Waste," SAND90-1206, Sandia National 
Laboratories, New Mexico. 

U.S. Department of Energy (DOE), 1993, "Geotechnical Analysis Report, July 1991 through 
June 1992," DOE-WIPP 93-019, U.S. Department of Energy, Washington D.C. 

U.S. Department of Energy (DOE), 1994, "Panel One Utilization Plan," WIPPIWID-94-2027, 
Westinghouse Electric Corporation, Carlsbad, New Mexico. 
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APPENDIX C 
FLAC MODELING OF THE PANEL CLOSURE SYSTEM 

Numerical modeling is considered one of the better methods available for quantifying the 

interaction of concrete barriers with the surrounding media. Therefore, a series of models 

have been developed for this report to evaluate the interaction of the main concrete barrier of 

the panel closure system with the surrounding salt for different alternatives and concrete 

barrier geometries. This appendix discusses the code used and describes the material 

constitutive models used in the stress analysis. 

C.1.0 The FLAC Code. ____________ _ 
FLAC software has been used for numerical modeling of the underground excavations at the 

WIPP since 1991. FLAC is a two-dimensional explicit finite difference code that simulates 

the behavior of rock and soil-like structures. The WIPP Reference Creep Law is built into 

FLAC and has been verified to Nuclear Regulatory Commission standards (Itasca, 1995). In 

addition, all versions of FLAC used by the Westinghouse Waste Isolation Division have been 

verified against the WIPP Second Benchmark Problem (Krieg, 1984). 

C.2.0 Material Constitutive Models. _________ _ 
The material properties associated with the material constitutive models are given in 

Tables C-1 through C-3. These properties are the standard properties which have been used 

in previous WIPP geotechnical FLAC modeling such as the Backfill Engineering Analysis 

Report (BEAR) (IT, 1994). Note that the stress analysis of the concrete barrier also uses the 

same stress-strain relationship for the uncompacted crushed salt as was used in the BEAR. 

The stress analysis in Figure 4-4 used uncompacted crushed salt on one side of the enlarged 

concrete barrier and open void space on the other side. The crushed salt has subsequently 

been eliminated from the panel closure system final design. The symmetry in the principal 

stress plots for the enlarged concrete barrier analysis indicated that the presence or absence of 

the crushed salt does not significantly affect the stresses within the enlarged concrete barrier. 

Therefore, the FLAC analysis results presented in Figure 4-4 apply to the panel closure 

system final design. 
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Table C-1 8 

FLACb Model Time-Dependent Material Properties 

I Property I Halite Argillaceous Halite Halite, 10% Polyhalite 

Bulk modulus (GPa) 20.7 20.7 

Shear modulus (GPa) 12.4 12.4 

Density (kg/m3
) 2,300 2,300 

Activation energy (cal/mol) 12,000 12,000 

A 4.56 4.56 

B 127 127 

D (Pa-4 9/s) 5.79x10"""8 1.74x10-35 

n 4.9 4.9 

Gas constant (cal/mol K) 1.987 1.987 

Critical strain rate 5.39x10_. 5.39x10_. 

Table C-28 

FLACb Elastic Material Properties 

I ProE!em'. II Anhydrite I Polyhalite I 
Bulk modulus (GPa) 83.4 65.8 

Shear modulus (GPa) 27.8 20.3 

Density (kg/m3
) 2,300 2,300 

Cohesion (MPa) 27 17.2 

Friction (degrees) 29 46.5 

Table C-38 

FLACb Clay Seam Material Properties 

I Property 

Normal stiffness (Palm) 

Shear stiffness (Palm) 

Cohesion (Pa) 

Friction (degrees) 

"IT, 1994 
bFLAC 
GPa 
kg/m3 

cal/mol 
Pa-4·9/s 
cal/mol K 

Fast Lagrangian Analysis of Continua 
Gigapascal( s) 
Kilogram(s) per cubic meter 
Calorie(s) per mole 
Pascal(s) to the negative 4.9 per second 
Calorie(s) per mole Kelvin 

I 

A,B,n 
D 
Palm 
MPa 

Value 

1.ox1012 

5.0x1010 

0.0 

5 

unitless model factors 
model factor 
Pascal(s) per meter 
Megapascal( s) 

22.1 

13.2 

2,300 

12,000 

4.56 

127 

5.21x10"""6 

4.9 

1.987 

5.39x10-• 

Concrete 

11.6 

9.0 

2320 

-

-

I 

I 
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APPENDIX D 

BRINE/CEMENT INTERACTIONS 

Concern about potentially deleterious constituents in the Waste Isolation Pilot Plant (WIPP) 

brines were initially raised when evidence of some minor concrete deterioration in the waste 

shaft key was noted. The cause is geochemical alteration of the concrete shaft liner and shaft 

grout by the brine present at the Rustler-Salado contact. Chemical constituents detected in 

brine samples included both organic and inorganic compounds that probably originated from 

dissolution of the concrete liner and grout materials used in the shaft construction. The 

presence of large amounts of organics that likely originated from the chemical grout appeared 

to have complexed the calcium present in the brine, interfering with the inorganic chemistry 

of the naturally occurring brine. The brines in contact with the waste shaft key were also 

found to be significantly higher in both chlorides and magnesium than the Salado Formation 

brine. These factors probably resulted in a Rustler/Salado brine chemistry more aggressive 

than that of the naturally occurring Salado brines that may contact the panel barrier. 

Lankard Materials Laboratory (LML) (1992) concluded that there has been both a "physical 

attack" component and a "chemical attack" component acting upon the waste shaft key by 

brines. A "worst-case" scenario proposed by LML indicated that deterioration from both 

chemical and physical factors could result in a loss of material on the shaft side of the 

concrete liner at a rate of approximately 12 centimeters (5 inches) over a 50-year period. 

The very local deterioration of the waste shaft key concrete resulted in some reduction in its 

load-bearing capacity and some increase in its permeability to brine infiltration. In addition, 

exposure of chemical residue deposits to the air within the shaft may have created a spalling 

effect that also facilitated local concrete deterioration on the interior (shaft opening) side of 

the liner. 

Sandia National Laboratories/New Mexico (SNL/NM) studied the effect of high-magnesium 

brine interactions on various candidate barrier materials (SNL/NM, 1994). High-magnesium 

brines are characteristic of the Rustler-Salado contact, which is the location of the waste shaft 

key. The study was intended to evaluate chemical impacts to mass-concrete barriers in the 

WIPP panels and to the Salado Formation. However, the results of the study were also used 

to evaluate the cause of the deterioration of the waste shaft key. IT Corporation (IT) (1994), 
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in a separate study, also evaluated the geochemistry of brines associated with the waste shaft 

key near the Rustler-Salado Formation contact. 

Both studies concluded that the brines have chemically reacted with the constituents in the 

concrete and grouts used in the waste shaft key liner. The SNL/NM (SNL/NM, 1994) study 

theorized that the loss of the liner's strength was facilitated by the loss of calcium from the 

concrete liner. SNL/NM noted that the magnesium present in the brine replaced calcium in 

the concrete, but the replacement process occurred as a delayed reaction. Magnesium 

replacement did not occur until after the structural integrity of the waste shaft key liner was 

already impacted negatively by the loss of calcium, which increased the porosity of the liner. 

This resulted in a more open and permeable microstructure not attributable solely to a 

weakening effect from magnesium replacement. Both the IT and SNL/NM studies supported 

the conclusion that the waste shaft key liner deterioration occurred only locally and in the 

outermost reaction zone of the liner, so that the structural integrity of the liner as a whole was 

not significantly impacted. SNL/NM proposed that further deterioration of the liner may be 

limited only to areas of the concrete liner that develop stress fractures. 

Wakeley et al. (1993) studied salt-saturated concrete and grout emplaced in the floor of the 

WIPP repository six years before its retrieval. The concrete and grout used in the study were 

cementitious, rather than organic. In retrieving the concrete and grout plugs, the plugs were 

overcored to also retrieve some host rock. 

The study concluded that little to no deterioration occurred to the concrete or grout and that 

general compressive strengths of the concrete and grout increased over time. The lowest 

compressive strength values were observed in samples taken from the disturbed rock zone. 

Reaction rims with increased permeability were noted on anhydrite surrounding the plugs, 

suggesting interaction between the grout or concrete and host rock. However, comparable 

evidence of a reaction with the concrete or grout was not seen. There was also evidence of 

dissolution of halite in the anhydrite zone near the plugs; however, the evidence also indicates 

that the presence of the halite facilitated better bonding between the grout or concrete and the 

host rock. Crystallization of new phases was also noted on free surfaces, indicating that 

strongly ionic magnesium-bearing fluids were present and moving. The fluid movement 

appeared to have no effect on the host rock other than to improve bonding. 

The differences in the appearances, strengths, and phase assemblages between the 

'••·"" grout/concrete plugs in the study discussed above and the waste shaft key liner concrete are 

AL/l l-l 7-95/WP{762447:AppendixD D-2 



different enough that two extremely different service environments can be inferred. The 

magnesium level and fluid transport are apparently much greater in the waste shaft key 

location, facilitating a greater degree of deterioration of the waste shaft key concrete than was 

noted in the plugs studied by Wakeley et al. (1993). The waste shaft key concrete liner was 

also composed of organic constituents, which appeared to be more reactive with the brine 

chemistry. The main concrete barrier will be located in a service environment similar to that 

studied by Wakeley et al. (1993), where very minor amounts of brine would contact the main 

concrete barrier. 

IT Corporation (IT), 1994, "Geochemistry of Brines Recovered from the WIPP Waste Shaft in 
the Vicinity of the Rustler/Salado Contact," report prepared for Westinghouse Electric 
Corporation, Carlsbad, New Mexico. 

Lankard Materials Laboratory (LML), 1992, "Laboratory Investigation of Factors Influencing 
the Deterioration of the Concrete Waste Handling Shaft Liner at the WIPP," 1-2480-5, 
(July 1992) in "Waste Handling Shaft Concrete Liner Degradation Conclusions and 
Recommendations, Appendix A, DOE/WIPP 92-050, Waste Isolation Division, Westinghouse 
Electric Corporation, Carlsbad, New Mexico. 

Sandia National Laboratories/New Mexico (SNL/NM), 1994, "Durability of Concrete 
Materials in High-Magnesium Brine," SAND93-7073, Sandia National Laboratories, 
Albuquerque, New Mexico. 

Wakeley, L. D., P. T. Harrington, and C. A. Weiss, Jr., 1993, "Properties of Salt-Saturated 
Concrete and Grout After Six Years In Situ at the Waste Isolation Pilot Plant," SAND93-7019, 
Sandia National Laboratories, Albuquerque, New Mexico. 
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APPENDIX E 

PREVIOUS STUDIES OF 
PANEL-CLOSURE SYSTEM MATERIALS 

In researching the available literature relating to panel-closure system designs and materials, 

studies on both long-term and short-term barrier performance were evaluated. The intended 

function of the main concrete barrier described in this report is to provide short-term 

(35 years) barrier capability until the repository host rock reconsolidates around the barrier. 

However, studies on long-term barrier performance were found useful for the panel-closure 

system material compatibility evaluation performed for this document. The results of these 

studies provided insight into the complex issues to be considered for selecting an appropriate 

concrete and grout for the panel-closure system. 

Stormont (1987) studied small-scale seal performance tests (SSSPT). The SSSPTs were 

designed as in situ experiments to evaluate the performance of candidate seal materials. 

Barrier systems consisted of the barrier itself, the barrier-rock interface, and the surrounding 

rock. The system performance was evaluated using thermal/mechanical and fluid flow (both 

gas and brine) data generated by testing under expected repository conditions. Thermal, 

mechanical, and hydrologic performance of the barriers was evaluated. Test Series A 

consisted of a bulkhead constructed of salt-based concrete. Regarding hydration of the 

concrete, stresses and strains induced in the rock and the barrier were a result of hydration. 

Stresses and strains also resulted from the salt creep and from the panel-closure system 

material. Evaluation of these stresses and strains yielded information about the stability of 

the barrier system and the structural/fluid flow relationship. The permeabilities of the barrier 

material with respect to gas and brine were important for evaluating the potential for a 

repository breach scenario. Test Series A was conducted in geologic horizons that included 

bedded halite and interbeds of clay and anhydrite. 

Three types of concrete were evaluated for the Test Series A study: salt-free concrete, salt 

concrete, and expansive salt-based concrete. The latter proved to yield the most favorable 

results due to its significant expansive properties, which create a tight interface; its 

workability (about 4 hours); and for its ability to inhibit dissolution of surrounding salt during 

cement hydration. 
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Stormont (1988) also studied the performance of grout and concretes as constituents of main 

concrete barriers for the panel-closure system. The use of cementitious grouts within the 

disturbed rock zone adjacent to the main barrier was determined to be detrimental at times, as 

it could facilitate fracture propagation. To prevent the load reaction causing the fracture 

propagation, Stormont proposed the emplacement of rigid concrete at the main barrier 

location. Stormont's investigations of concrete to form the actual main barrier indicated that 

concrete is impermeable, and any associated leakage across the barrier would occur at the 

concrete/rock interface zone. Leakage could be attributed to concrete shrinkage and the 

integrity of the rock itself. However, Stormont noted that the presence of halite in the host 

rock would result in compressional forces exerted on the concrete barrier over time, with little 

or no leakage occurring. 

SSSPT performed by Stormont (1988) and Finley and Tillerson (1992) evaluated salt-based 

concrete, bentonite, and salt blocks for barrier performance. In the salt-based concrete 

barriers, both brine and gas migration across the barrier-rock interface were retarded by salt 

creep adjacent to the barrier and the expansive properties of the salt-based concrete. The salt

based concrete barriers also withstood significant back-pressure forces. Bentonite and salt 

blocks did not perform as satisfactorily with respect to their load-bearing capacities or fluid 

permeabilities. 

Hansen et al. (1994) discussed barrier materials for vertical shaft environments in terms of the 

barriers' long- and short-term components. The single long-term component envisaged in 

their studies was reconsolidated salt, especially engineered to achieve a barrier function in 

approximately 100 years. However, short-term materials included concrete, bentonite, grout, 

chemical seal rings, and potential alternatives, although the alternatives were not included in a 

reference barrier design. Each barrier component had a functional requirement to prevent the 

passageways from becoming the preferred passageways for transport of brines or gases to or 

from the repository. Short-term components provided barriers to brine and groundwater 

inflow to the consolidating and long-term members and to the repository. The composition of 

each selected barrier was based on experience in the mining industry, assurance of function 

through test results, and compatibility with the stratigraphy in which the barrier was placed. 

The authors looked at specific geologic horizons with respect to their ability to prevent brine 

and gas flow. 

Test Series B (Peterson et al., 1987) more likely approximated the configuration of the 

proposed panel barrier, which will be emplaced in a horizontal drift leading to the waste-
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emplacement panels. The type of material used in the testing was a salt-saturated expansive 

concrete, as was used in Test Series A. 

In both the A and B test series, the parameter of primary interest was the barrier permeability. 

For calculational purposes, it was assumed that all flow goes through the barrier. However, 

some flow may enter the surrounding formation as well, although it is difficult to determine 

and quantify. Factors affecting measured flow rates through the barrier would include the 

pressure under which the brine was flowing. If a brine was saturated with respect to its 

liquid phase at ambient conditions, added pressures may decrease its saturation and encourage 

dissolution of the surrounding halite. 

In one test, barrier brine flow rate decreased slowly with time; this is an important 

consideration when modeling long-term response. Possible mechanisms causing this decrease 

include precipitation, healing, or creep closure of open pore spaces. Estimates of brine and 

gas permeabilities depend strongly on the degree of pore saturation. 

Only gas-flow tests were performed in the B Series. All of the barriers leaked (though at 

slow rates) in the B Series tests. No leakage occurred at the barrier/formation interface. 

Leaks were associated with a small formation fracture and with an instrumentation bundle. 

Gas-flow tests performed approximately one year later indicated no leakage associated with 

the barriers. 

Test Series C (Stormont et al., 1987) consisted of salt and salt-bentonite block barrier material 

emplaced in a horizontal drift within almost pure halite. Four barriers were composed of salt 

blocks, and four barriers consisted of salt-bentonite blocks. Four of the barriers, two 

representing each type of material described above, were evaluated without instrumentation, 

for fluid flow and permeability testing. Instrumentation and cabling are often leak paths for 

such testing. The instrumentation used in the other barriers measured deformations and 

pressures and provided other important data. The data suggest that crushed salt provides very 

little resistance to closure until the crushed salt is very dense. Deformation experiments were 

designed to verify or refute this evidence. 

Principal advantages to salt-block emplacements as opposed to mechanical or pneumatic 

backfilling were that initial porosity of the crushed or granular salt was minimized, reducing 

the time required for effective or complete salt consolidation. This in turn reduced the 

likelihood of brine influx from the surrounding strata that could impede the consolidation 
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process. Block emplacements also allowed considerable control over production and 

emplacement. Blocks could be tailored to achieve certain properties, such as addition of 

bentonite or moisture. 

Experiments with different types of blocks indicated that the relative density of the blocks 

increased with the maximum particle size used. Further, blocks cured in humid environments 

became extremely friable and unviable. Within the Waste Isolation Pilot Plant (WIPP) 

facility, the humidity of the ventilation air is below the critical humidity of 75 percent (the air 

will take moisture from the salt). 

Blocks cured at ambient conditions were the most resilient in that they resisted chipping and 

shattering. Their "toughness" was a result of the development of an indurated "skin" from 

particle caking. Caking occurs when moisture at particle contacts is evaporated, resulting in 

bridging and microcrystalline growth that essentially cements the particles together. However, 

an indurated skin may also hinder consolidation at the interfaces between blocks from a lack 

of available water believed necessary for rapid consolidation. 

The purpose of adding bentonite to salt blocks was to reduce the permeability without 

requiring extensive consolidation. Data collected indicated that permeabilities to brines and 

water fell off to microdarcy values somewhere between 25 and 50 percent bentonite by 

weight. For this experiment, a 1: 1 ratio of salt to bentonite was used. Over 90 percent of the 

bentonite was composed of the clay mineral montmorillonite. Water was also introduced into 

the mixture. 

Salt/bentonite blocks cured in the humid environment took sufficient moisture from the air to 

become extremely friable, and therefore, unviable. Under covered conditions, less moisture 

was lost. Salt/bentonite blocks were also tougher than salt-only blocks. Also, greater 

amounts of moisture contributed to a tougher block than the addition of less moisture. 

The use of mortars was necessary to fill the voids between the blocks and the borehole wall. 

Mortar was generally only emplaced into the interlace and not between blocks. The mortars 

were composed of the same materials as the blocks. 

In summary, both types of blocks were found to lose excessive moisture to the dry mine 

atmosphere unless they were covered between the time of production and the time of 

emplacement. Initial fluid flow testing of the salt/bentonite barriers revealed that erosion 
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along the block/rock interface occurred when the brine was introduced too rapidly to allow 

the bentonite to take up the water and swell to shut down flow paths. Subsequent testing 

with slower introduction of brine confirmed this result, that is, salt/bentonite blocks could be 

effective barriers to brine flow. Structural measurements provided data to test laboratory 

models of salt consolidation. To date, the measurements do not contradict model predictions 

of the barriers providing little resistance to hole closure until they become very dense. 

The concrete and grout used in the above-referenced study were developed by Gulick and 

Wakeley (1989). They proposed expansive salt-saturated concrete (ESC) and grout mixtures 

that yielded favorable results for suitability as panel barrier and grout materials during the 

in-place testing at the WIPP repository. The grout composition was summarized in the text 

of this report in Section 2.2.1. The formulation for the ESC is shown in Table E-1. 

Table E-1 

Expansive Salt-Saturated Concrete 

I Component I Percent of Total Mass I 
Class H cement 9.03 

Chem comp Ill 6.03 

Cal seal (plaster) 1.80 

Class C fly ash 5.10 

Fine aggregate 34.11 

Coarse aggregate 34.58 

Sodium chloride 2.50 

Defoaming agent 0.21 

Sodium citrate 0.11 

Water (iced) 6.60 

Class H cement is a standard oil-well cement. It has been used extensively in grouts and 

concretes in underground applications. Class C fly ash contributes expansive properties to the 

concrete. Cal Seal (a plaster of paris manufactured by Haliburton) also develops expansive 

properties in mixtures containing Class H cement. Expansive components that are added to 

the concrete or grout mixtures enhance bonding between the concrete or grout and the host 

rock. The addition of sodium chloride to the mixture is necessary to assure that the water 

AL/l l-l 7-95/WPf762447:Appendix.E E-5 



content of the concrete or grout is in equilibrium with the host rock. This prevents 

dissolutioning, and also inhibits or reduces deterioration of the concrete or grout. Defoaming 

agents inhibit air entrainment in the concrete or grout mixture. 

Finley, R. E., and J. R. Tillerson, 1992, "WIPP Small Scale Performance Test-Status and 
Impacts," SAND91-2247, Sandia National Laboratories, Albuquerque, New Mexico. 

Gulick, C. W., and L. D. Wakeley, 1989, "Reference Properties of Cement-Based Plugging 
and Sealing Materials for the Waste Isolation Pilot Plant (WIPP)," Technical Report SL-89-17, 
U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi. 
IT Corporation (IT), 1994, "Backfill Engineering Analysis Report," report prepared for 
Westinghouse Electric Corporation, Carlsbad, New Mexico. 

Hansen, F. D., M. S. Lin, and L. L. Van Sambeek, 1993, "Concepts for Operational Period 
Panel Seal Design at the WIPP," SAND93-0729, Sandia National Laboratories, Albuquerque, 
New Mexico. 

Peterson, E.W., P. L. Lagus, and K. Lie, 1987, "Fluid Flow Measurements of Test Series A 
and B for the Small Scale Seal Performance Tests," SAND87-7041, Sandia National 
Laboratories, Albuquerque, New Mexico. 

Stormont, J. C., 1988, "Preliminary Seal Design Evaluation for the Waste Isolation Pilot 
Plant," SAND87-3083, Sandia National Laboratories, Albuquerque, New Mexico. 

Stormont, J. C., 1987, "Small-Scale Seal Performance Test Series 'A' Thermal/Structural Data 
Through the 180th Day," SAND87-0178, Sandia National Laboratories, Albuquerque, New 
Mexico. 

Stormont, J. C., E.W. Peterson, and P. L. Lagus, 1987, "Summary of the Observations About 
WIPP Facility Horizon Flow Measurements Through 1986," SAND87-0176, Sandia National 
Laboratories, Albuquerque, New Mexico. 
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APPENDIX F 
HEAT TRANSFER MODEL DERIVATION 

METHANE EXPLOSION 

Under the conditions of a postulated methane explosion within the panel, the temperature of 

the gas is raised by the combustion process to an initial value T g init with time t = 0 

corresponding to initial conditions in the panel. Subsequently, the gas temperature in the 

panel decreases as heat is transferred to the surrounding salt and to the two explosion

isolation walls in the air-intake and air-exhaust drifts of each panel. 

At time t = 0 the pressure in the panel is Pinit based on panel closure due to creep and the 

elevation in pressure resulting from the explosion. Thus, the rise time of the temperature is 

not considered in the model. 

At time t = 0, the volume of the panel is Vinit and is assumed to remain constant throughout 

the cooling of the gas in the panel because of the short duration of the explosion. This means 

that the effect of creep on the panel volume is assumed negligible during the postulated 

explosion. The initial volume is given by: 

where 

vinit 

~anel 
waste 

vcreep 

vinit = vpanel - v waste - vcreep 

= Initial volume 
= Volume of the panel 
= Volume of the waste 
= Volume reduction due to creep 

and is taken as given at the start of the heat transfer analysis and assumed to remain constant 

during the transfer of heat to the panel walls, roof, and floor. 

Assuming a constant volume is equivalent to stating that any creep closure of the panel 

volume during the explosion and subsequent cooling can be neglected. 
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dQvolume of gas _ 
dt - qAwalls, floor, roof 

where Qvolume of gas represents the heat contained in the hot gases subsequent to an 

explosion, q is the heat flux rate at the boundaries of the panel volume, and Awalls, floor, roof 

is the surface area of the panel volume. 

Following D' Appolonia (1978) it is conservatively assumed that the heat transfer to the 

surrounding walls, floor, roof, is related to the rate of change of enthalpy of the reaction 

products gas. Thus, the heat content of the room is given by: 

dQvolume of gas = nC dT g 

dt p dt 

where n is the number of moles of gas in the room subsequent to the explosion, T g is the gas 

temperature, and CP is the heat content of the gas at constant pressure.1 Thus, 

dTg _ 
nC p dt - qAwalls, floor, roof 

(1) 

The gas in the panel subsequent to the explosion is a mixture of the combustion products of 

the explosive gas which is taken to be a mixture of methane, CH4 and air. Because methane 

can explode with other than a stoichiometric air/methane mixture (i.e., the methane 

concentration in air for an explosion to occur is a range as opposed to a single value), it is 

impossible to determine the number of moles of combustion product gas precisely. Thus, it is 

assumed that the explosion occurs with a stoichiometric air/methane mixture. 

1The specific heat at constant volume is used even though the explosion or rapid combustion of the methane-air 
mixture occurs at constant volume because the rate of change of enthalpy as opposed to internal energy has been 
used. 
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F.2. 1 Mixture 
The stoichiometric reaction for methane is (Bodartha, 1980): 

with the moles of air given by: 

n . = 4.77(2) = 9.54 mole air/mole methane 
air 

or 9.54 moles of air are required to provide 2 moles of oxygen. Using a ratio of 9.54 moles 

of air per mole of methane, the total moles of gas at the time of the explosion would be: 

n = (9.54 + l)ncH4 

The number of moles of nitrogen in the air and in the combustion products gas is 3.77(2) = 
7.54 moles/mole of methane (Bodartha, 1980). Thus, 

7 .54 moles N2 + 2 moles 0 2 + 1 mole CH4 = 
7 .54 moles N2 + 1 mole C02 + 2 moles H20 

On a molar basis the reaction products are 71.5% nitrogen, 9.5% carbon dioxide, and 19% 

water vapor. This compares with a reaction product that is 72.9% nitrogen, 11.6% carbon 

dioxide and 15.5% water vapor when propane is burned at a stoichiometric ratio 

(D' Appolonia, 1978). Also, 10.54 moles of the methane-air mixture produces 10.54 moles of 

reaction products. Thus, the number of moles of air/methane prior to the explosion is the 

same as the number of moles of the product gas and the above relation for n will be used to 

compute the heat content in a panel prior to cooling. 

(2) 

Substituting (2) into (1 ), 

ar 
10.54 nCH4 CP d/ = qAwalls,floor, roof 
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or 

dTg = qAwalls, floor, roof 

dt 10.54 llcH4 CP 

is the differential equation for the time rate of change of the gas temperature in the panel 

following an explosion. 

F.2.2 Specific Heat 

(3) 

The specific heat, Cp, of the combustion products of the explosion is required by equation 

(3). In general, the specific heat is a function of temperature over large temperature ranges. 

Figure C-1 shows plots of specific heats of the combustion products of stoichiometric 

propane-air mixtures and methane-air mixtures based on data from D'Appolonia (1978) and 

Reid, et al., (1977). The curves for propane-air mixtures are shown for comparison between 

the Reid, et al. data and the D'Appolonia data. 

For an explosion temperature on the order of 2400 degrees kelvin (°K), and using an average 

of the wall temperature and gas temperature to evaluate the specific heat, the temperature 

dependence curve will be evaluated in the region of 1400 °K which is about the maximum 

useful temperature for the Reid, et al. data. 

As shown on Figure F-1, the Reid et al. (1977) and D'Appolonia (1978) data agree well up to 

a temperature of approximately 1400 °K. At the greater temperatures Reid et al. (1977), and 

other data indicate a decrease in specific heat with greater temperatures which is not 

consistent with expectation. 

Figure F-2 shows a comparison of Reid et al. (1977) and the D'Appolonia (1978) data 

multiplied by 0.961, the ratio of specific heats for a methane-air mixture to a propane-air 

mixture at 300 °K. Below 1400 °K the agreement is very good. Above 1400 °K the curve 

based on the D'Appolonia data remains valid. Therefore, the specific heat of the combustion 

products formed from a stoichiometric methane air mixture as a function of temperature is2 

C = 1.29 x 10-3 T + 7.3353 - 32682 
p T2 

(4) 

2Equation (4) was obtained by multiplying Equation (9) of Appendix B of D'Appolonia [1978) by 0.961. 
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F.3.0 Heat Transfer to the Walls, Floor, Etc. ______ _ 
Heat is transferred from the gas to the surrounding walls, floor and roof of the panel rooms 

by both convection and radiation. Heat is then transferred into the walls, floor, roof, via 

conduction. Thus, the rate of heat conduction into the salt or the wall is governed by the rate 

at which heat can be conducted into the solids. 

F.3. 1 Radiation Heat Transfer 
Heat transferred from the gas to the walls, floor, roof, is given by: 

q = -'r4-T4) 
rs U\ g w 

where Clrs is the heat flux to the walls, floor, roof, cr is the Stefan-Boltzmann constant 

( 1.35 x 10-12 cal/cm2-sec-°K), and T w is the temperature of the walls, floor, and roof. 

The majority of the surface area of the panel available for heat transfer via both radiation and 

convection is salt. However, a small portion of the total area will be the inner face of the 

explosion-isolation wall (or construction-isolation well). Because the wall, floor, roof 

temperature is controlled by the time dependent conduction of heat into either the walls, floor, 

roof or the wall faces, and the diffusivities and conductivities of the salt and wall, floor, roof 

material may be different, the radiation heat transfer is divided into two components. 

The radiative heat transfer to the salt (T ws) is: 

and the radiative heat transfer to the explosion-isolation wall (Twh) is: 

The combined radiative heat transfer to the walls, floors, roof is: 

Q -qA +qA ,- rss r/;b 

or 
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(5) 

where Ab = Area of the walls, and A. = area of the salt. 

Equation (5) comprises the radiation portion of the right hand side of the differential equation, 

(3), for the rate of gas temperature in the panel. 

F.3.2 Convection Heat Transfer 

In addition to radiation, heat is transferred to the walls, floor, roof, and explosion-isolation 

walls by natural convection. In subsequent discussion, walls denote all exposed surface area 

of salt within a panel. Explosion-isolation walls denote the surface area of the expendable 

walls placed in the sealed air-intake and air-exhaust drifts of the panel. 

F.3.2. 1 Heat Transfer from Gas to the Walls 
In addition to radiation, heat is transferred to the walls, floor, roof, and explosion-isolation 

walls via natural convection. The heat flux due to convection (CL:) is given by: 

where h = Film coefficient. 

As for the case of radiation, the majority of heat transfer by convection will occur to the 

surrounding salt. However, a portion will be transferred to the explosion-isolation wall. 

Because the temperature of the explosion-isolation wall may be different from the temperature 

of the salt, the convective heat transfer is divided into the two components analogous to the 

radiation heat transfer. For the salt, the convection heat transfer is: 

q = h(T -T ) cs g ws 

and for the explosion-isolation walls: 

q = h(T -T ) cb g wb 

The combined radiative heat transfer (Q,) to the walls, floors, roof, and explosion-isolation 

walls is: 
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The combined radiative heat transfer (Qc) to the walls, floors, roof, and explosion-isolation 

walls is: 

assuming that the heat transfer coefficient does not change with location or material. 

Theoretically the convective heat transfer coefficient is different for the face of the explosion

isolation walls, which are vertical compared with the heat transfer coefficient for the roof and 

floor faces of the panel which are horizontal. Neglecting the difference in heat transfer 

coefficient due to geometric differences, the above two equations for the heat flow to the 

walls, floor, roof, and explosion-isolation walls can be combined to give 

(6) 

Equation (6) gives the convective heat transfer portion of the right hand side of Equation (3). 

Combining (3), (5) and (6), 

dTg = Qc+Qr (7) 
dt 10.54 ncH4 C P 

where the negative sign indicates that~ and Qr represent heat transferred out of the system 

consisting of the gas in the room. These same quantities then represent heat transferred into 

the surrounding salt and explosion-isolation wall. 

F.3.2.2 Convection Coefficient 
Assuming the convection coefficient is the same at all surfaces and following the methods 

developed in D'Appolonia (1978), with all units in the centimeter-gram-second (cm-g-sec) 

system of units, 
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N = 0.13(P G ]113 
u r r 

where Pr is the Prandtl number and Gr is the Grashof number. The Prandtl number is 

essentially constant and is taken as 0.71 regardless of pressure and temperature. The Grashof 

number is given by 

where g is the acceleration of gravity, ~ is the volume coefficient of thermal expansion and v 

is the kinematic viscosity of the gas. For ideal gases, 

and the kinematic viscosity is given by 

v = .!: 
p 

where µ is the absolute viscosity p = mass density. Substituting for n and ~ in the expression 

for the Grashof number, 

G = gp2L 3(Tg -Tw) 
r 

where 

T +T g w 

2 

is the average of the gas and surface temperature. 

Substituting for the Grashof number and Prandtl number in the expression for the Nusselt 

number, 
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(~ ]

!3 
2 T-T 

N = 0.146L gp 8 w 

u µ2 T +T 
g w 

and substituting for the Nusselt number in the expression for the convection coefficient, 

h = 0.146k [gp'tT, -T·]113 

8 µ2 T +T 
g w 

Since the thermal conductivity of the gas is given by3 

( J

.75 

k = 6.4 x 10-5 Tm 
g 300 

( J
.75 (~ ]1!3 T +T 2 T -T 

h = 9.34 x 10-6 g w gp g w 

600 µ2 T +T g w 

Figure F-3 shows has a function of surface temperature based on a gas temperature of 

2400°K and density and viscosity consistent with conditions at the time of an explosion. 

(8) 

Assuming that no additional gas is generated subsequent to the explosion, the density of the 

gas after the explosion is the same as before the explosion since mass is conserved. Thus, the 

gas density after the explosion is the molecular weight of n moles of methane plus 9.54n 

moles of air divided by the initial volume, 

3D'Appolonia [1978]. 
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p = n[Mw CH4 + 9.54Mw air] 
v. ' 

imt 

(
16 + 9.54(29)] p = n v .. 

init 

p = 292.66n 

v. 
1mt 

(9) 

( J
.67 

µ = 1.85 x 10-4 Tm 
300 

(10) 

and the viscosity is given by (D' Appolonia, 1978), where the viscosity is evaluated at the 

average of the surface and gas temperatures. 

Because there will be two different surface temperatures, one corresponding to the salt, and 

one for the explosion-isolation wall, there will be different convective heat transfer 

coefficients as well. 

F.3.3 Conduction Into the Walls, Floor, Roof, and Explosion-Isolation Walls 

'The temperature which controls the heat transfer from the gas via radiation and convection is 

controlled by the rate at which heat is conducted into the walls, roof, floor, and explosion

isolation walls. The diffusion of heat into the walls, floor, roof, and explosion-isolation walls 

is assumed to be governed by a one-dimensional, semi-infinite thermal diffusion model. If 

the temperature penetrates the explosion-isolation walls, the model is changed to be thermal 

diffusion across a slab of finite thickness with an ambient gas temperature on the side in the 

isolation zone. 

Thermal diffusion into the walls, floor, roof, and explosion-isolation walls is governed by the 

partial differential equation, 
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where a is the thermal diffusivity, T is the temperature, x is the distance into the wall, floors, 

roof, or explosion-isolation walls, and t is time. At x = 0 the flow of heat into the walls, 

floor, roof, or explosion-isolation walls is governed by the boundary condition, 

where ~ is the heat flux into the walls, etc. from the gas via convection and radiation and k 

is the thermal conductivity. Because the thermal diffusivity and conductivity for salt is 

different from that of the explosion-isolation wall, two conduction models are required. 

F.3.3. 1 Heat Conduction to the Salt 

The first involves the heat transferred from the gas to the salt and is governed by the partial 

differential equation, 

(11i) 

where as is the thermal diffusivity of salt which is a function of temperature. Figure F-3 

shows plots of thermal diffusivity for halite, anhydrite, argillaceous halite and polyhalite 

(Krieg, 1983). Figure F-4 also shows data from D'Appolonia ( 1978) that used the relation 

10 

T 
s 

for salt. The D'Appolonia temperature dependence yields slightly higher values compared 

with the Waste Isolation Pilot Plant (WIPP) data, but indicates a consistency in the data. For 

purposes of the post-explosion heat transfer analysis the temperature dependent data for salt 

has been used. 
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The boundary condition at the surface of the salt is: 

ar 
-k s = q +q 

S ax Sr SC 

where le. is the thermal conductivity of the salt. Figure F-4 shows plots of thermal 

conductivities for the same materials as a function of temperature. Again, the thermal 

conductivity from D'Appolonia (1978): 

k, = 
T, 

4.5 

(12i) 

(13i) 

is also shown on Figure F-5 to check the consistency of the WIPP data. Again, the thermal 

conductivity for halite was used for the post-explosion heat transfer analysis. 

(14i) 

The terms Clsr and Clsc in (13i) couple the heat conduction into the salt with the rate of cooling 

of the gas via equations (7) through ( 10). In addition to the boundary conditions given by 

(12i), initial conditions at time t = 0 are required. It is assumed that at t = 0 the salt is at the 

ambient temperature in the panel, Tamb· Equations (lli) through (14i) with the initial 

conditions form the complete problem for the temperature in the salt as a function of time as 

the gas cools following the explosion. 

F.3.3.2 Heat Conduction to the Explosion-Isolation Walls 

The second model involves the heat transferred from the gas to the explosion-isolation walls 

and is governed by the partial differential equation, 

(1 lii) 
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where ~ is the thermal diffusivity of explosion-isolation walls. If the explosion-isolation 

walls are concrete, the thermal diffusivity does not vary with temperature (D' Appolonia, 

1978), 

a = 0.005 (12ii) 
s 

The boundary condition is: 

(13ii) 

where qbr = heat flux for the salt, Ck = heat flux for explosion-isolation walls, and kb is the 

thermal conductivity of the walls. Again, if the explosion-isolation walls are concrete, the 

thermal conductivity is constant (D'appolonia, 1978). 

kb = 0.002 (14ii) 

Analogous to the case for salt, the terms qbr and Cfuc in (13ii) couple the heat conduction into 

the salt with the rate of cooling of the gas via equations (7) through (10). At t = 0 the 

explosion-isolation walls are at the ambient temperature at the panel level, T amb· 

Equations (1) through (14) were solved using a computer program based on an explicit finite 

difference representation of the equations. In subsequent discussion the following symbols 

are used, 

't 

E 

n 
n+l 
m 

T gn 

T sO 

T bO 

T smn 

T bmn 

asm 

= 
= 

= 
= 
= 

= 
= 
= 
= 
= 
= 

time step Lit 
distance between mesh points, Lix, in finite difference representation of 
semi-infinite solid used to model the explosion-isolation walls. 
subscript denoting the value of a variable at time t. 
subscript denoting the value of a variable at time t+'t. 

subscript denoting the value of a variable at mesh point m in a finite 
difference representation of a semi-infinite solid. m = 0 corresponds to the 
boundary x = 0. 
gas temperature at time t. 
temperature at x = 0 in salt. 
temperature at x = 0 in an explosion-isolation wall. 
temperature in salt at mesh point m and time n. 
temperature in explosion-isolation walls at mesh point m and time n. 
thermal diffusivity in salt at mesh point m (function of temperature). 
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abm 

qrsn 
qrbn 
q csn 
qcbn 

= 

= 
= 
= 
= 

thermal diffusivity of explosion-isolation wall material at mesh point m 
(may be constant or a function of temperature). 
heat flux to wall (salt) via radiation at time point n. 
heat flux to explosion-isolation wall via radiation at time point n. 
heat flux to wall (salt) via convection at time point n. 
heat flux to explosion-isolation wall via convection at time point n. 

Where symbols are used for parameters that are a function of temperature and consequently 

also a function of time, the subscripts n and n+ 1 refer to whether the parameter is evaluated 

at tort+ ~t. 

F.4. 1 Overview of Computer Program 

Figure F-6 provides a simplified flow chart of the computer program used to solve the 

equations in the model in explicit finite difference form. 

F.4.2 Finite Difference Formulation 

For the first past through the calculational loop n = 0 and the gas temperature is set to T go' 

the initial temperature. Based on the assumption of constant volume during the explosion, the 

temperature is related to the pressure by, 

(
Po J T = T =ST 

gO gamb p gamb 

amb 

where 

T gamb = the gas temperature prior to the explosion 
pamh = the gas pressure prior to the explosion (taken as 2 atm) 
P0 = the gas pressure caused by the explosion (taken as 16 atm) 
T go = the gas temperature caused by the explosion which is the initial gas 

temperature for the cooling analysis. 

The initial temperature of the salt (Tsmo) and explosion-isolation walls (Thm
0

) for the heat 

conduction calculations are set to the ambient temperature at all mesh points. 
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TsmO = T amb m = 1... M 

TbmO = T amb m = 1... M 
(16) 

where M is the maximum mesh point number used in the finite difference representation of 

the semi-infinite solid. Tamb is the ambient temperature of the salt and explosion-isolation 

wall at the time of the explosion. 

F.4.2. 1 Program Section 1 

Section 1 of the program (Figure F-3) calculated the parameters required for the determination 

of the heat fluxes from the hot gas to the cooler walls. These calculations are performed 

initially based on values for n = 0, initial conditions. Subsequently, they are evaluated based 

on the temperature values at time point n. 

Thus, 

where 

l r T + T 

µsn = 1.85 X lQ-4 gn sOn 

600 

r r T + T 

µbn = 1.85 X 10-4 gn bOn 

600 

µ50 = viscosity of the salt 

µbn = viscosity of the explosion-isolation wall 

T gn = gas temperature at time point n 

(17) 

Ts0n = wall temperature of the salt at time point n, which is the m = 0 mesh point of 

the finite difference representation of the semi-infinite solid used to model heat 

conduction into the salt 

Tb0n = surface temperature of the explosion-isolation wall. 

Since the initial surface temperatures of the salt and the walls are the same, the initial value 

of µ will be the same at both the salt and the walls. However, with time as the surface 

temperature of the explosion-isolation walls varies from the surface temperature of the salt, 

the values of µ will be different for the salt compared with the walls. This plays a role in 
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having different convection heat transfer coefficients at the salt compared with the explosion

isolation walls. 

The convection heat transfer coefficients are given by (8) below. 

(18) 

The density, p, remains constant by virtue of the constant volume and constant number of 

moles. The acceleration of gravity, g, also remains constant for all time points. 

The specific heat of the gas which is required for Section 3A of the program is given by (4) 

below. 

Cpn = 6.45 x 10-4 (T
8
n + Tsan) + 7.3353 - l30

728 

(T + T )2 
gn sOn 

(19) 

Because the specific heat is a bulk property of all of the gas in the panel, it is affected by all 

of the surface area in the panel. Because the surface area of the salt is orders of magniture 

larger than the surface area of the explosion-isolation walls, the specific heat at each time is 

based solely on the surface temperature of the salt. 

F.4.2.2 Program Section 2 
The heat flux rates to the walls as well as the total heat transfer rates to the walls via 

convection and radiation are calculated in Section 2 of the program. Flux is required for the 

boundary condition for the heat conduction analysis of Section 3B and total heat flow is 

required for the change in gas temperature calculation in Section 3A. 

The total heat flow values are given by (5) and (6) which for time step n become 

where h80 and hbn are given by (18). The total heat flows are used in Section 3A of the 

program evaluates the time rate of change of the gas temperature using equation (7). 
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(20) 

Q =Ah(T -T )+Ah(T -T) en s sn gn sOn b bn gn bn 

The total heat flows at time step n given by (20) are heat flow out of the gas occupying the 

panel volume and into the explosion-isolation walls. For the heat flow into the explosion

isolation walls, the areas, ~ and Ab cancel from the equations representing the boundary 

conditions at x = 0 for the transient heat conduction problems solved in Section 3B of the 

program. Thus, for Section 3B, the heat flux values are required. These are the same as (20) 

without the areas. 

(21) 

q =h(T -T)+h(T -T) en sn gn sOn bn bn bn 

where Clm and CJcn are the heat fluxes due to radiation and convection. 

For the total heat flow and heat flux due to radiation, the Stefan-Boltzmann constant is taken 

to be constand for all values of temperature and hence time. 

O' = 1.355 x 10-12 (22) 

F.4.2.3 Program Section 3 

Section 3 comprises the main body of the program. 

F.4.2.3. 1 Program Section 3A 
Equation (7) governs the rate of change of gas temperature in the panel volume. Using the 

explicit finite difference approximation, 
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where 't = L\t is the time increment, Equation (7) becomes 

T T ( Qcn + Qrn J 
gn+l = gn - 't 10.54 nCH4 Cpn 

(23) 

where Q 0 , ~' and CP0 are given by (20) and ( 19) and nrn4 is an input representing the moles 

of methane in the panel volume at the time of the explosion. Equation (23) gives the gas 

temperature in the panel at time t + .M in terms of the gas temperature at time t and the total 

heat flow values at time t. 

F.4.2.3.2 Program Section 38 
Section 3B of the program is the most complex. It solves two transient heat conduction 

problems assuming that the walls, floor, roof, and explosion-isolation walls are semi-infinite 

solids having thermal conductivities and diffusivities that may or may not be temperature 

dependent. In the case of the walls, floor and roof, the panel volume the conductivity and 

diffusivity of salt is dependent on temperature. Assuming that the explosion-isolation wall 

material is concrete, the conductivity and diffusivity of the explosion-isolation wall are 

independent of temperature. 

Because of the temperature dependence of the conductivity and diffusivity of the salt, and the 

time-dependent spatial temperature distribution into the walls, floor and roof, the conductivity 

that is required for the boundary condition at x = 0 varies with time and the thermal 

diffusivity varies in both time and space. The partial differential equation for transient heat 

conduction when the diffusivity varies spatially is given by: 

which can be expanded as: 

a~ arJ ar axla ax = at 

Using the finite difference approximations, 
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aa 1 = (a -a ) ax 2e m+l m-l 
(ci) 

(cii) 

ar = 1 (T _ r ) ax 2e m+l m-l 
(cii) 

where e = Lix, the left hand side of equation (b) becomes 

(
ar) (ar } a azr = 
ax ax ax 2 

1 ( ) - a -a T -T +4a T -Sa T +4a T 
4£2 [ m+l m-1][ m+l m-1] m m-l m m m m+l 

(d) 

or 

1 = (a T -a T -a T +a T )+ 
4

£2 m+l m+l m+l m-l m-1 m+l m-1 m-1 

1 -(4a T 1-8a T +4a T +1) 

4£ 2 m m- m m m m 

(e) 

4eJraa] rar}u!!.} 
llax [ax ax 2 

v (a +4a -a )-8a T +T (a +4a -a ) m-1 m-1 m m+l m m m+l m+l m m-1 

(f) 

Using an explicit finite difference representation of the time derivative as used in Section 3A. 

ar 1 
m = (T -T ) Tt Lit m n+l m n 

(g) 

Substituting (f) and (g) into the partial differential equation (a), 
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where 

/). t 
N= 

4e 2 

is analogous to the modulus for the case of constant diffusion. Solving (h) for Tm n+i 

Tm n+l = 
Tm-1 nN(am-1 + 4am -am+1)-(8N-l)amTm n +Tm+1 nN (am+1 +4am -am-1) 

For the case of constant diffusivity, 

with 

M = allt = 4aN 
e2 

equation (j) becomes 

T = M (T + T ) - (2M - l)T m n+l m+l n m-1 n m n 

which is the finite difference equation for the case of constant diffusivity (Carslaw and 

Jaeger, 1959). Thus, equation (j) reduces to the correct equation when the diffusivity is 

constant and is the finite difference equation for the case of variable diffusivity. 

For a numerical stability criteria, 

M<0.5 

(h) 

(i) 

(j) 

(k) 

(1) 

(m) 

the corresponding relation for the case of variable diffusivity becomes equation (n) for all m. 
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MAX(a/V')<0.125 

The thermal conductivity and thermal diffusivity at each time point are evaluated from the 

temperature at that time and space as given previously for the temperature variation of the 

conductivity and diffusivity. 

The boundary condition at x = 0, is the same as for the case of constant diffusivity, 

ar -k __ n 
n ax = qrn + qen 

where 'lm and 'lm are determined in Section 2. Using the finite difference relationship 

(Carslaw and Jaeger, 1959), 

equation ( o) becomes: 

k 
--n(-3T +4T -T )=q +q 2e 0 n I n 2 n rn en 

2e 
3TO n - 4TI n + T2 n = -(q + q ) k rn en 

n 

Substituting for 'lm and qc0 : 

3To n - 4TI n + T2 = 11 (T - To ) + 'V (rg4n - T.o4n) n 'In gn n In 

where 

'Tln 
2ehn 

= 
-k n 

and 

Using the identity 

and defining 
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(s) 

(t) 

(u) 

For the case of both convection and radiation equation (u) is a fourth order equation in T0 n 

and has to be solved using a numerical technique such as Newton-Raphson iteration. Since 

the effect of radiation heating of the walls, floor, roof, and explosion-isolation walls leads to a 

more rapid cooling of the combustion gas following the explosion, and temperatures effects 

on the salt or explosion-isolation material is worse for longer durations, it is conservative to 

neglect radiation heat transfer. In this case, equation (u) becomes linear: 

which can be solved directly for T0 n: 

4T1n - T2 + 11 T T = n n gn 
On 3 

+ '11n 

At each time the field equations are solved based on the previous time. The boundary 

condition (w) is then applied. 

(v) 

(w) 

Equations (j) and (u) are formulated for both the salt comprising the walls, floor, and roof and 

for the explosion-isolation walls. As noted, the field equations for variable diffusivity reduce 

appropriately to the special case of a constant diffusivity so the above equations are 

sufficiently general to handle both the material of the explosion-isolation wall and the salt. 

F.4.2.4 Program Section 4 

In Section 4 of the program, the temperature values at time t+L\t (n+ 1) become the new 

values at time t (n). The time counter, n, is incremented by 1 and the program returns to 

Section 1 to compute the solution at the subsequent time step. 
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F.4.3 Initial Volume, Surface Area and Number of Moles 

The volume of gas to be cooled via heat transfer to the walls, roof, floor, and explosion

isolation walls following an explosion is taken to correspond to the effective panel volume at 

the time when the air-methane mixture in the panel enters the explosive range. The effective 

volume is defined as: 

V = "'V eff 'I' 

where V is the panel volume considering closure of the panel and <I> is the porosity which 

accounts for the waste emplaced in the panel. Figure F-7 shows a plot of the effective 

volume as a function of time. 

Based on Figure 4.2 of the Conceptual Design Report (DOE, 1995), the methane-air mixture 

in the panel volume enters the explosive range at 25 years. From Figure F-7 this corresponds 

to a panel volume of 1.6 x 1010 cm3 at the time the postulated explosion occurs. 

The surface area at the time of the postulated explosion was obtained from the volume at the 

time the methane air mixture enters the explosive range at 25 years and the initial ratio of 

surface area to volume. 

Figure F-8 shows a plot of panel surface area as a function of time. 

Based on the air-methane mixture entering the explosive range at 25 years, the surface area at 

the time of the explosion is 1.6 x 108 cm2
• The area of two 14 foot x 14 foot explosion

isolation walls is 1.82 x 105 cm2
• Thus the area of the explosion-isolation walls is 

1.82 x 105 

= 0.0014 = 0.14% 
1.6 x 108 

of the total surface area. 
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The number of moles of combustion gas is found using the ideal gas law based on an initial 

pressure of 16 atmospheres (atm) and an initial temperature of 2,400 °K. 

with 

n = pV 
RT 

R = 82.06 cm3-atm/mol-°K (ideal gas law constant) 
p = 16 atm 
v = 1.6 x 1010 

T = 2400 °K 

n = 16 x (l.6 x 1010
) 

82.06 x 2400 

n = 1.3 x 106 moles 

The program uses the number of moles of methane and air independently to calculate the 

density. Thus, 

10.54 nCH4 = 1.3 X 106 

nCH4 = 1.233 X 105 

nair = 9.54 X nCH4 = 1.176 X 106 

The density is given by 

(1.233 x 105)(16) + (1.176 x 106)(29) = 0.002255 
1.6 x 1010 

(24) 

(25) 

The numerical formulation discussed in Section 4.0 was executed using a spatial grid size, 

£ - 1 cm and a time increment, 't = 10 seconds. No problems with numerical stability were 

encountered using these values. 
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At time t = 0, the initial heat transfer from the combustion gas to the salt and explosion

isolation walls results is a large temperature gradient at the surface. To represent this 

gradient accurately using a finite difference formulation would require an extremely small 

grid spacing as the initial temperature gradient extends only an infinitesimal distance into the 

surface. Using a grid spacing sufficiently small to accurately characterize the initial gradient 

would be prohibitive, relative to the number of mesh points and time steps required. 

The initial conditions for the finite difference calculations were determined by using an exact 

solution for the case of constant convective heat transfer coefficient and constant gas 

temperature. The use of the closed form solution to determine the initial conditions assumes 

that the change in gas temperature over small initial times is small and that the heat transfer 

coefficient is weakly dependent on the temperature difference between the gas and the 

surfaces of the salt and explosion-isolation walls. Based on the closed form solution, the 

initial conditions for the finite difference model were taken at a time of 12.7 seconds 

following the explosion. For shorter initial times, the gradient had not propagated sufficiently 

far into the surfaces to be represented with a 1 cm. grid spacing. Thus, the initial time for 

the finite difference calculations was 12.7 seconds with initial temperatures based on the 

closed form solution. 

Figure F-9 shows the gas temperature, salt temperature (walls, floor, and roof) and explosion

isolation wall temperature as a function of time following the explosion. Figure F-10 shows 

the temperature distribution into the explosion-isolation walls at various times following the 

explosion. Figure F-11 shows the temperature distribution into the salt at various times 

following the explosion. 

Figure F-9 shows that the temperature of the gas has nearly reached the initial ambient 

conditions after about 2 hours. Over that span of time, elevated temperature in the explosion

isolation wall has a maximum extent of 15 cm (about 6 inches) into the explosion-isolation 

wall. Since the explosion-isolation wall is at least 36 inches (91.4 cm) thick, the elevated 

temperature will not reach the opposite side of the wall. Thus, the assumption of a 

semi-infinite body in the numerical model is not violated. 

A comparison of the results shown on Figure F-9 with the results given in D'Appolonia 

(1978) is favorable. The ratios of surface area and volume used in D'Appolonia (1978) as 

well as the initial pressures are not the same as used for this analysis. The temperatures 

shown on Figure F-9 are slightly higher than those predicted for a pressure of 9 atm as shown 
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in D'Appolonia [1978]. This is as expected since the initial pressure affects the number of 

moles which determines the rate of temperature decay in the gas. This is illustrated by 

comparison of the results for 9 atm with those for 27 atm shown in D'Appolonia (1978). The 

favorable comparison of the results shown on Figure F-9 with those of D'Appolonia (1978) 

provides verification of the numerical model used in these analyses. 
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SECTION 01010 

SUMMARY OF WORK 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Scope of Work 
• Definitions and Abbreviations 
• Drawings 
• Work by Others 
• Contractors Use of Site 
• Contractors Use of Facilities 
• Work Sequence 
• Work Plan 
• Subrnittals 

1.2 Scope of Work 
The Contractor shall furnish all labor, materials, equipment and tools to perform operations in 
connection with the construction of two (2) panel closure systems for each panel, one of each 
to be installed in the air intake drift and the air exhaust drift of a waste-emplacement panel, 
as shown on the drawings and called for in these specifications. 

Four (4) possible arrangements of the concrete barrier and isolation walls are shown on the 
attached Figure 1 "Plan Variations." The specific requirements for the panel closure system 
will be determined by the Westinghouse WID prior to the time of installation and will be 
defined in the contract documents. 

• Concrete barrier with disturbed rock zone (DRZ) removal up through clay seam G and 
down through marker bed 139 (MB 139) in combination with a construction isolation wall 
(Sketch A). 

• Concrete barrier with DRZ removal in combination with an explosion isolation wall 
(Sketch B.) 

• Concrete barrier without DRZ removal in combination with construction isolation wall 
(Sketch C). 

• Concrete barrier without DRZ removal in combination with an explosion isolation wall 
(Sketch D). 
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The scope of work shall include but not be limited to the following units of work: 

• Develop work plan, health and safety plan (HASP) and contractors quality control plan 
(CQCP) 

• Prepare and submit all plans requiring approval 

• Mobilize to site 

• Coordinate construction with operations 

• Perform the following for the air intake entry and the air exhaust entry. 
- Excavate the surface preparation for the explosion (or construction) isolation wall 
- Construct the explosion (or construction) isolation wall 
- Excavate the DRZ if required by contract 
- Install the form work for the concrete barrier 
- Place concrete for the concrete barrier 
- Grout the interface of concrete barrier/back wall 
- Provide contact grouting along the contact surface (if required by the engineer) 

• Clean up construction areas in underground and above ground 

• Submit all required record documents 

• Demobilize from site 

1.3 Definitions and Abbreviations 

Definitions 

Contact-handled waste-Contact-handled defense transuranic (TRU) waste with a surface dose 
rate not to exceed 200 millirem per hour. 

Concrete barrier-A barrier placed in the access drifts of a panel to restrict the mass flow rate 
of volatile organic compounds (VOC). 

Concrete block-Concrete used for construction of either an explosion-isolation wall or a 
construction-isolation wall. 

Construction-isolation wall-A wall immediately adjacent to the panel waste-emplacement 
area that is made of concrete block, with mortar or of steel to isolate construction personnel 
from coming into contact with the waste. 
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~Plastic deformation of salt under deviatoric stress. 

Design migration limit-A mass flow rate that results in an exposure of the affected 
individual that is at least 1 order of magnitude below the health-based exposure levels for 
VOCs during the Waste Isolation Pilot Plant (WIPP) operational period. 

Disturbed rock zone (DRZ}-A zone surrounding underground excavations where stress 
redistribution occurs with attendant dilation and fracturing. 

Explosion-isolation wall-A concrete-block wall adjacent to the panel waste-emplacement 
area with mortar that can sustain the pressure and temperature transients of a methane 
explosion. 

Health-based concentration level-The annual average concentration level for a VOC in air 
that must not be exceeded at the point of compliance. 

Health-based migration limit-The mass flow rate of a VOC from all closed panels that 
results in the health-based concentration level at the point of compliance. 

Hydration temperature-The transient temperature developed by a cementitious material due 
to the hydration of the cement. 

Interface grouting-Grouting performed through grout boxes and pipe lines to fill the void at 
the concrete barrier/back-wall interface. 

Methane explosion-A postulated deflagration caused by the buildup of methane gas to 
explosive levels. 

Partial closure-The process of rendering a part of the hazardous waste management unit in 
the underground repository inactive and closed according to approved facility closure plans. 
The partial-closure process is considered complete after partial-closure activities are 
performed in accordance with approved Resource Conservation and Recovery Act (RCRA) 
partial closure plans. 

Point of compliance-The operating point of compliance for VOC health-based exposure 
levels at the WIPP, which is the WIPP site boundary. 

Remote-handled waste-Any of the various forms of high beta-gamma defense TRU waste 
requiring remote-handling due to a surface dose rate exceeding 200 millirem per hour. 

Standard barrier-A concrete barrier emplaced into the panel-access drifts without major 
excavation of the surrounding rock. 
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Volatile Organic Compound CVOC}-Any VOC comprising the land-disposal-restricted 
indicator VOC constituents in the WIPP waste inventory. 

Westinghouse-Westinghouse Electric Corporation, Waste Isolation Division (WID) as the 
construction management authority. 

Abbreviations/ Acronyms 

ACI 
AISC 
ANSI 
ASTM 
AWS 
CFR 
DOE 
DRZ 
EPA 
MB 139 
MSHA 
NMAC 
NMED 
RCRA 
SMC 
US ACE 
WID 
WIPP 

American Concrete Institute 
American Institute for Steel Construction 
American National Standards Institute 
American Society for Testing and Materials 
American Welding Society 
Code of Federal Regulations 
U.S. Department of Energy 
disturbed rock zone 
U.S. Environmental Protection Agency 
Marker Bed 139 
U.S. Mining Safety and Health Administration 
New Mexico Administrative Code 
New Mexico Environment Department 
Resource Conservation and Recovery Act 
Salado Mass Concrete 
U.S. Army Corps of Engineers 
Waste Isolation Division 
Waste Isolation Pilot Plant 

1.4 List of Drawings 
The following drawings are made apart of this specification: 

762447-El 
762447-E2 
762447-E3 
762447-E4 
762447-E5 
762447-E6 

Panel closure system, air intake and exhaust drifts, title sheet 
Panel closure system, underground waste-emplacement panel plan 
Panel closure system, air intake drift, construction details 
Panel closure system, air exhaust drift, construction details 
Panel closure system, construction and explosion walls, construction details 
Panel closure system, air intake and exhaust drifts, grouting and miscellaneous 
details 

1.5 Work by Others 

Survey 
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All survey work to locate the barriers and walls, control and confirm excavation, and 
complete the work will be supplied by Westinghouse. All survey measurements for record 
purposes will also be performed by Westinghouse. The Contractor shall be responsible for 
verifying the excavation dimensions to develop the form work to fit the excavation. 

Excavation 

The Westinghouse WID may elect to perform certain portions of the work, notably the 
excavation. The work performed by the Westinghouse will be defined prior to the contract. 

1.6 Contractor's Use of Site 

Site Conditions 

The site is located near Carlsbad, New Mexico, as shown on the site location maps and the 
title sheet drawing. The underground arrangements and location of the WIPP waste
emplacement panels are shown on the plan view drawing. The work described above is to 
construct the concrete barriers in the air intake and exhaust drifts of one of the panels upon 
completion of the disposal phase of that panel. The waste-emplacement panels are located 
approximately 2,150 feet below the ground surface. The Contractor shall visit the site and 
become familiar with the site and site conditions prior to preparing his bid proposal. 

Contractor's Use of Site 

Areas at the ground surface will be designated for the Contractor's use in assembling and 
storing his equipment and materials. The Contractor shall utilize only those areas designated. 

Limited space within the underground area will be designated for the Contractor's use for 
storage of material and setup of equipment. 

Coordination of Contractor's Work 

The Contractor is advised that on-going waste emplacement and excavation operations are 
being conducted throughout the period of construction of the panel barrier system. The 
Contractor shall coordinate his construction operations with that of the waste emplacement 
and mining operations. All coordination shall be through Westinghouse WID. 

1. 7 Contractor's Use of Facilities 
Existing facilities at the site which are available for use by the Contractor are: 

• WIPP roadheader 
• Waste shaft conveyance 
• Salt skip hoist 
• ( 1) 20 ton forklift 
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• ( 1) 40 ton forklift 
• 460 volt AC, 3 phase power 
• Water (underground, at waste shaft only) (above ground, at location designated by 

Engineer) 

Additional information on these facilities is presented in Section 02010. 

1.8 Work Sequence 
Work Sequence shall be as shown on the drawings and directed by Westinghouse WID . 

1.9 Work Plan 
The Contractor shall prepare and submit for approval by Westinghouse WID a Work Plan 
fully describing his proposed construction operation. The work plan shall define all proposed 
equipment. The work plan shall also include the method of excavation, grouting, and 
pumping concrete. The work plan shall also contain such items as control of surface dust 
emissions. No work shall be performed prior to approval of the Work Plan. 

1.10 Health and Safety Plan (HASP) 
The Contractor shall obtain, review, and agree to applicable portions of the existing WIPP 
Safety Manual, WP 12-1. The Contractor shall prepare and submit for approval to 
Westinghouse, a project-specific HASP taking into account all applicable sections of the 
WIPP Safety Manual. The Contractor shall also perform a Job Hazard Analysis in 
accordance with WP 12-111. 

1.11 Contractor Quality Control Plan (CQCP) 
The Contractor shall prepare and submit for approval to Westinghouse a CQCP identifying all 
personnel and procedures to produce an end product which complies with the contract 
requirements. The CQCP shall comply with all Westinghouse WID requirements and Section 
01400, Contractor Quality Control, of this specification. 

1.12 Submittals 
Submittals shall be in accordance with Westinghouse WID Submittal Procedures and as 
required by the individual specifications. 

PART 2 - PRODUCTS 

(Not used) 

PART 3 - EXECUTION 

(Not Used) 
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SECTION 01010 

SUMMARY OF WORK 



SECTION 01090 

REFERENCE STANDARDS 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Provision of Reference Standards at Site. 

• Acronyms used in Contract Documents for Reference Standards. Source of Reference 
Standards. 

1.2 Quality Assurance 

For products or workmanship specified by association, trade, or Federal Standards, comply 
with requirements of the standard, except when more rigid requirements are specified or are 
required by applicable codes. 

Conform to reference by date of issue current on the date of the owner-contractor agreement. 

The Contractor shall obtain copy of the standards referenced in the individual specification 
sections. Maintain a copy at jobsite during submittals, planning, and progress of the specific 
work, until completion of work. 

Should specified reference standards conflict with the contract documents, request clarification 
from the Engineer before proceeding. 

1.3 Schedule of References 
Various publications are referenced in other sections of the specifications to establish 
requirements for the work. These referenced are identified by documents number and title. 
The addresses of the organizations whose publications are referenced are listed below. 

ACI ACI International 
P.O. Box 19150 
Detroit,MI 48219-0150 
Ph: 313-532-2600 
Fax: 313-533-4747 

Pf /11-17-95 (12:40)/WP/762447:01090.Spc 01090-1 



AITC 

AISC 

ANSI 

API 

ASTM 

AWS 

CFR 

American Institute of Timber Construction 
7012 So. Revere Parkway, Suite 140 
Englewood, CO 80112 
Ph: 303-792-9559 
Fax: 303-792-0669 

American Institute of Steel Construction 
One E. Wacker Dr., Suite 3100 
Chicago, IL 60601-2001 
Ph: 312-670-2400 
Fax: 312-670-5403 

American National Standards Institute 
11 West 42nd St. 
New York NY 10036 
pH: 212-642-4900 
Fax: 212-302-1286 

American Petroleum Institute 
1220 L. St., NW 
Washington, DC 20005 
Ph: 202-682-8375 
Fax: 202-962-4776 

American Society for Testing and Materials 
1916 Race St. 
Philadelphia, PA 19103 
Ph: 610-832-9585 
Fax: 215-977-9679 

American Welding Society 
550 LeJeune Road 
Miami, FL 33135 
Ph: 800-443-9353 
Fax: 305-443-7559 

Code of Federal Regulations 
Government Printing Office 
Washington, DC 20402 
Ph: 202-783-3238 
Fax: 202-223-7703 
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EPA 

FTM-STO 

NRMCA 

NTIS 

PCA 

US ACE 

WID 

Environmental Protection Agency 
Public Information Center 
401 M St., SW 
Washington, DC 20460 
Ph: 202-260-2080 

Federal Test Method Standards 
Standardization Documents Order Desk 
Bldg. 4D 
700 Robbins Ave. 
Philadelphia, PA 19111-5094 
Ph: 215-697-2179 
Fax: 215-697-2978 

National Ready-Mixed Concrete Association 
900 Spring St. 
Silver Spring, MD 20910 
Ph: 301-587-1400 
Fax: 301-585-4219 

National Technical Information Service 
U.S. Department of Commerce 
Springfield, VA 22161 
(703) 487-4650 

Portland Cement Association 
5420 Old Orchard Road 
Skokie, IL 60077 

U.S. Army Corps of Engineers 
U.S. Army Engineer Waterway Experiment Station 
A TIN: Technical Report Distribution Section, Services Branch, TIC 
3909 Halls Ferry Rd. 
Vicksburg, MS 39180-6199 
Ph: 601-634-2355 
Fax: 601-634-2506 

Westinghouse Electric Corporation 
Waste Isolation Division 
Carlsbad, New Mexico 88221 

End of Section 

PT/11-17-95 (12:40)/WP/762447:01090.Spc 01090-3 



SECTION 01090 

REFERENCE STANDARDS 



SECTION 01400 

CONTRACTOR QUALITY CONTROL 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Contractor Quality Control Plan (CQCP) 
• Reference Standards 
• Quality Assurance 
• Tolerances 
• Testing Services 
• Inspection Services 
• Submittals 

1.2 Related Sections 

• 01090 - Reference Standards 
• 01600 - Material and Equipment 
• 02222 - Excavation 
• 02722 - Grouting 
• 03100 - Concrete Formwork 
• 03300 - Cast-in-Place Concrete 
• 04100 - Mortar 
• 04300 - Unit Masonry System 

1.3 Contractor Quality Control Plan 
The Contractor shall prepare and submit for approval by Westinghouse WID, a Quality 
Control Plan, as described in Section 3.2. No work shall be performed prior to approval of 
the Contractor's Quality Control Plan. 

1.4 References and Standards 
Refer to individual specification sections for standards referenced therein, and to Section 
01090 - Reference Standards for general listing. 

Standards referenced in this section are as follows: 

ASTM C1077-95a Practice for Laboratories Testing Concrete and Concrete Aggregates 
for Use in Construction and Criteria for Laboratory Evaluation 
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ASTM C1093-88 

ASTM E329-95 

ASTM E543-95 

ASTM E548-94 

Practice for Accreditation of Testing Agencies for Unit Masonry 

Practice for Use in the Evaluation of Inspection and Testing Agencies 
as Used in Construction 

Practice for Determining the Qualification of Nondestructive Testing 
Agencies 

Practice for Preparation of Criteria for Use in the Evaluation of 
Testing Laboratories and Inspection Bodies 

1.5 Quality Assurance 

• Monitor quality control over suppliers, manufacturers, products, services, site conditions, 
and workmanship, to produce work of specified quality 

• Comply with specified standards as minimum quality for the work except where more 
stringent tolerances, codes, or specified requirements indicate higher standards or more 
precise workmanship 

• Perform work by persons qualified to produce required and specified quality 
• Verify that field measurements are as indicated on shop drawings 
• Secure products in place with positive anchorage devices designed and sized to withstand 

stresses, vibration, physical distortion, or disfigurement. 

1.6 Tolerances 
Monitor excavation fabrication and installation tolerance control of work and products to 
produce acceptable work. Do not permit tolerances to accumulate. 

Adjust products to appropriate dimensions; position before securing products in place. 

1. 7 Testing Services 
Unless otherwise indicated by Westinghouse WID, the Contractor shall employ an 
independent firm to perform the testing services and other services specified in the individual 
specification sections, and as required by Westinghouse WID. Testing and source quality 
control may occur on or off the project site. 

The testing laboratory shall comply with applicable sections of the reference standards and 
shall be authorized to operate in the state in which the project is located. 

Testing equipment shall be calibrated at reasonable intervals with devices of an accuracy 
traceable to either the National Bureau of Standards or accepted values of natural physical 
constants. 
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1.8 Inspection Services 
The Contractor shall employ an independent firm to perform inspection services as a 
supplement to the Contractor's quality control as specified in the individual specification 
sections, and as required by Westinghouse WID. Inspection may occur on or off the project 
site. 

The inspection firm shall comply with applicable sections of the reference standards. 

1.9 Submittals 
The Contractor shall submit a Contractors' Quality Control Plan as described herein. 

Prior to start of work, the Contractor shall submit for approval, the testing laboratory name, 
address, telephone number and name of responsible officer of the firm. He shall also submit 
a copy of the testing laboratory compliance with the reference ASTM standards, and a copy 
of report of laboratory facilities inspection made by Materials Reference Laboratory of 
National Bureau of Standards with memorandum of remedies of any deficiencies reported by 
the inspection. 

Prior to start of work, the Contractor shall submit for approval the inspection firm name, 
address, telephone number and name of responsible officer of the firm. He shall also submit 
the personnel proposed to perform the required inspection, along with their individual 
qualifications and certifications (Example: Certified A WS Welding Inspector.) 

PART 2 - PRODUCTS 

Not used. 

PART 3 - EXECUTION 

3.1 General 
The Contractor is responsible for quality control and shall establish and maintain an effective 
quality control system. The quality control system shall consist of plans, procedures, and 
organization necessary to produce an end product which complies with the contract 
requirements. The system shall cover all construction operations, both on site and off site, 
and shall be keyed to the proposed construction sequence. The project superintendent will be 
held responsible for the quality of work on the job. The project superintendent in this context 
shall mean the individual with the responsibility for the overall management of the project 
including quality and production. 
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3.2 Quality Control Plan 

3.2.1 General 
The Contractor shall furnish for review and approval by Westinghouse WID, not later than 30 
days after receipt of notice to proceed, the Contractor Quality Control (CQC) Plan proposed 
to implement the requirements of the Contract. The plan shall identify personnel, procedures, 
control, instructions, test, records, and forms to be used. Construction will be permitted to 
begin only after acceptance of the CQC Plan. 

3.2.2 Content of the CQC Plan 
The CQC Plan shall include, as a minimum, the following to cover all construction 
operations, both on site and off site, including work by subcontractors, fabricators, suppliers, 
and purchasing agents: 

• A description of the quality control organization, including a chart showing lines of 
authority and acknowledgment that the CQC staff shall implement the control system for 
all aspects of the work specified. The staff shall include a CQC System Manager who 
shall report to the project superintendent. 

• The name, qualifications (in resume format), duties, responsibilities, and authorities of each 
person assigned a CQC function. 

• Description of the CQC System Manager's responsibilities and delegation of authority to 
adequately perform the functions of the CQC System Manager, including authority to stop 
work which is not in compliance with the contract. The CQC System Manager shall issue 
letters of direction to all other various quality control representatives outlining duties, 
authorities, and responsibilities. 

• Procedures for scheduling, reviewing, certifying, and managing submittals, including those 
of subcontractors, off site fabricators, suppliers, and purchasing agents. These procedures 
shall be in accordance with Westinghouse WID Submittal Procedures. 

• Control, verification, and acceptance testing procedures for each specific test to include the 
test name, specification paragraph requiring test, feature of work to be tested, test 
frequency, and person responsible for each test. (Laboratory facilities will be subject to 
approval by Westinghouse WID.) 

• Procedures for tracking construction deficiencies from identification through acceptable 
corrective action. These procedures will establish verification that identified deficiencies 
have been corrected. 

• Reporting procedures, including proposed reporting formats. 

Pf/11-17-95 (12:40)/WPn62447:01400.spc 01400-4 



• A list of the definable features of work. A definable feature of work is a task which is 
separate and distinct from other tasks and has separate control requirements. It could be 
identified by different trades or disciplines, or it could be work by the same trade in a 
different environment. Although each section of the specifications may generally be 
considered as a definable feature of work, there are frequently more than one definable 
feature under a particular section. This list will be submitted to Westinghouse WID for 
approval. 

3.2.3 Acceptance of Plan 
Acceptance of the Contractor's plan is required prior to the start of construction. Acceptance 
is conditional and will be predicated on satisfactory performance during the construction. The 
Owner reserves the right to require the Contractor to make changes in his CQC Plan and 
operations including removal of personnel, as necessary, to obtain the quality specified. 

3.2.4 Notification of Changes 
After acceptance of the CQC Plan, the Contractor shall notify Westinghouse WID in writing 
of any proposed change. Proposed changes are subject to acceptance by Westinghouse WID. 

3.3 Quality Control Organization 

3.3.1 General 
The requirements for the CQC organization are a CQC System Manager and sufficient 
number of additional qualified personnel supplemented by independent testing and inspection 
firms as required by the specifications, to ensure contract compliance. The Contractor shall 
provide a CQC organization which shall be at the site at all times during progress of the work 
and with complete authority to take any action necessary to ensure compliance with the 
contract. All CQC staff members shall be subject to acceptance by Westinghouse WID. 

3.3.2 CQC System Manager 
The Contractor shall identify as CQC System Manager an individual within his organization 
at the site of the work who shall be responsible for overall management of CQC and have the 
authority to act in all CQC matters for the Contractor. The CQC System Manager shall be a 
graduate engineer, with a minimum of five years construction experience on construction 
similar to this contract. This CQC System Manager will be employed by the prime 
Contractor. The CQC System Manager shall be assigned no other duties. An alternate for 
the CQC System Manager will be identified in the plan to serve in the event of the System 
Manager's absence. The requirements for the alternate will be the same as for the designated 
CQC System Manager. 

3.3.3 CQC Personnel 
In addition to CQC personnel specified elsewhere in the contract, the Contractor shall provide 
as part of the CQC organization specialized personnel or third party inspectors to assist the 
CQC System Manager. These individuals shall be employed by the prime Contractor; be 
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responsible to the CQC System Manager; have the necessary education and/or experience. 
These individuals shall have no other duties other than quality control. 

3.3.4 Organizational Changes 
The Contractor shall maintain his CQC staff at full strength at all times. When it is necessary 
to make changes to the CQC staff the Contractor shall revise the CQC Plan to reflect the 
changes and submit the changes to Westinghouse WID for acceptance at the Contractors' 
expense. 

3.4 Tests 

3.4.1 Testing Procedure 
The Contractor shall perform specified or required tests to verify that control measures are 
adequate to provide a product which conforms to contract requirements. Upon request, the 
Contractor shall furnish to Westinghouse WID duplicate samples of test specimens for 
possible testing by Westinghouse WID. Testing includes operation and/or acceptance tests 
when specified. The Contractor shall procure the services of an approved testing laboratory. 
The Contractor shall perform the following activities and record and provide the following 
data: 

• Verify that testing procedures comply with contract requirements. 

• Verify that facilities and testing equipment are available and comply with testing standards. 

• Check test instrument calibration data against certified standards. 

• Verify that recording forms and test identification control number system, including all of 
the test documentation requirements, have been prepared. 

• Results of all tests taken, both passing and failing tests, will be recorded on the CQC report 
for the date taken. Specification paragraph reference, location where tests were taken, and 
the sequential control number identifying the test will be given. If approved by 
Westinghouse WID, actual test reports may be submitted later with a reference to the test 
number and date taken. An information copy of tests performed by an off site or 
commercial test facility will be provided directly to Westinghouse WID. Failure to submit 
timely test reports as stated may result in nonpayment for related work performed and 
disapproval of the test facility for this contract. 

3.5 Testing Laboratory 
The testing laboratory shall provide qualified personnel to perform specified sampling and 
testing of products in accordance with specified standards, and ascertain compliance of 
materials and mixes with requirements of Contract Documents. The testing laboratory shall 
promptly notify Westinghouse WID and Contractor of any observed irregularities or non
conformance of Work or Products. 
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Reports indicating results of tests, and compliance (or noncompliance) with the contract 
documents will be submitted in accordance with Westinghouse WID submittal procedures. 

The Contractor shall cooperate with the independent testing firm, furnish samples, storage, 
safe access, and assistance by incidental labor as required. Testing by the independent firm 
does not relieve the contractor of the responsibility to perform the work to the contract 
requirements. 

The laboratory may not: 

• Release, revoke, alter, or enlarge on requirements of the contract 
• Approve or accept any portion of the work 
• Assume any duties of the Contractor. 

The laboratory has no authority to stop the work. 

3.6 Inspection Services 
The inspection firm shall provide qualified personnel at site to supplement the Contractor's 
Quality Control Program to perform specified inspection of Products in accordance with 
specified standards. He shall ascertain compliance of materials and mixes with requirements 
of Contract Documents, and promptly notify the CQC System Manager, Westinghouse WID 
and the Contractor of observed irregularities or non-conformance of Work or Products. The 
inspector does not have the authority to stop the work. The inspector shall refer such cases to 
the CQC System Manager who has the authority to stop work (see Section 3.2.2). 

Reports indicating results of the inspection and compliance (or noncompliance) with the 
contract documents will be submitted in accordance with Westinghouse WID submittal 
procedures. 

The Contractor shall cooperate with the independent inspection firm, furnish samples, storage, 
safe access and assistance by incidental labor, as requested. 

Inspection by the independent firm does not relieve the Contractor of the responsibility to 
perform the work to the contract requirements. 

3. 7 Completion Inspection 

3.7.1 Pre-Final Inspection 
At the completion of all work the CQC System Manager shall conduct an inspection of the 
work and develop a "punch list" of items which do not conform to the approved drawings and 
specifications. Once this is accomplished the Contractor shall notify Westinghouse WID that 
the facility is complete and is ready for the "Prefinal" inspection. Westinghouse WID will 
perform this inspection to verify that the facility is complete. A "Final Punch List" will be 
developed as a result of this inspection. The Contractor's CQC System Manager shall ensure 
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that all items on this list have been corrected and notify Westinghouse WID so that a "Final" 
inspection can be scheduled. Any items noted on the "Final" inspection shall be corrected in 
a timely manner. These inspections and any deficiency corrections required by this paragraph 
will be accomplished within the time slated for completion of the entire work. 

3. 7 .2 Final Acceptance Inspection 
The final acceptance inspection will be formally scheduled by Westinghouse WID based upon 
notice from the Contractor. This notice will be given to Westinghouse WID at least 14 days 
prior to the final acceptance inspection and must include the Contractor's assurance that all 
specific items previously identified to the Contractor as being unacceptable, along with all 
remaining work performed under the contract, will be complete and acceptable by the date 
scheduled for the final acceptance inspection. 

3.8 Documentation 
The Contractor shall maintain current records providing factual evidence that required quality 
control activities and/or tests have been performed. These records shall include the work of 
subcontractors and suppliers and shall be on an acceptable form that includes, as a minimum, 
the following information: 

• Contractor/subcontractor and their area of responsibility. 

• Operating plant/equipment with hours worked, idle, or down for repair. 

• Work performed each day, giving location, description, and by whom. 

• Test and/or quality control activities performed with results and references to 
specifications/drawings requirements. List deficiencies noted along with corrective action. 

• Quantity of materials received at the site with statement as to acceptability, storage, and 
reference to specifications/drawings requirements. 

• Submittals reviewed, with contract reference, by whom, and action taken. 

• Off-site surveillance activities, including actions taken. 

• Instructions given/received and conflicts in plans and/or specifications. 

• Contractor's verification statement. 

These records shall indicate a description of trades working on the project; the number of 
personnel working; weather conditions encountered; and any delays encountered. These 
records shall cover both conforming and deficient features and shall include a statement that 
equipment and materials incorporated in the work and workmanship comply with the contract. 
The original and one copy of these records in report form shall be furnished to Westinghouse 
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WID daily. Reports shall be signed and dated by the CQC System Manager. The report 
from the CQC System Manager shall include copies of test reports and copies of reports 
prepared by all subordinate quality control personnel. 

3.9 Notification of Noncompliance 
Westinghouse WID will notify the Contractor of any detected noncompliance with the 
foregoing requirements. The Contractor shall take immediate corrective action after receipt of 
such notice. Such notice, when delivered to the Contractor at the worksite, shall be deemed 
sufficient for the purpose of notification. If the Contractor fails or refuses to comply 
promptly, Westinghouse WID may issue an order stopping all or part of the work until 
satisfactory corrective action has been taken. No part of the time lost due to such stop orders 
shall be made the subject of claim for extension of time or for excess costs or damages by the 
Contractor. 

End of section. 
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SECTION 01400 
CONTRACTOR QUALITY CONTROL 



SECTION 01600 

MATERIAL AND EQUIPMENT 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Equipment 
• Products 
• Transportation and handling 
• Storage and protection 
• Substitutions 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01400 - Contractor Quality Control 
• 020 IO - Mobilization and Demobilization 
• 02222 - Excavation 
• 02722 - Grouting 
• 03100 - Concrete Form work 
• 03300 - Cast-in-Place Concrete 
• 04100 - Mortar 
• 04300 - Unit Masonry System 

1.3 Equipment 
The Contractor shall specify his proposed equipment in the Work Plan. Power equipment for 
use underground shall be either electrical or diesel engine driven. All diesel engine 
equipment shall be certified for use underground. 

1.4 Products 
The Contractor shall specify in the Work Plan, or in subsequently required submittals the 
proposed products including, but not limited to the grout mix and its components, concrete 
mix and its components, mortar mix and its components, formwork, and masonry. The 
proposed products shall be supported by laboratory test results as required by the 
specifications. All products shall be subject to approval by Westinghouse WID. 
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1.5 Transportation and Handling 

• Transport and handle products in accordance with manufacturer's instructions. 

• Promptly inspect shipments to ensure that products comply with requirements, quantities 
are correct, and products are undamaged. 

• Provide equipment and personnel to handle products by methods to prevent soiling, 
disfigurement, or damage. 

1.6 Storage and Protection 

• Store and protect products in accordance with manufacturers' instructions. 

• Store with seals and labels intact and legible. 

• Store sensitive products in weather tight, climate controlled, enclosures in an environment 
favorable to product. 

• For exterior storage of fabricated products, place on sloped supports above ground. 

• Cover products subject to deterioration with impervious sheet covering. Provide ventilation 
to prevent condensation and degradation of products. 

• Store loose granular materials on solid flat surfaces in a well-drained area. Prevent mixing 
with foreign matter. 

• Provide equipment and personnel to store products by methods to prevent soiling, 
disfigurement, or damage. 

• Arrange storage of products to permit access for inspection. Periodically inspect to verify 
products are undamaged and are maintained in acceptable condition. 

1. 7 Substitutions 

1. 7 .1 Equipment Substitutions 
The Contractor may substitute equipment for that proposed in the Work Plan subject to 
Westinghouse WID's approval. The Contractor shall demonstrate the need for the 
substitution, and the applicability of the proposed substitute equipment. 

1. 7.2 Product Substitutions 
The Contractor may not substitute products after the proposed products have been approved 
by Westinghouse WID unless he can demonstrate that the supplier/source of that product no 
longer exists in which case he shall submit alternate products with lab test results to 
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Westinghouse WID for approval. In the case that product is a component in a mix, the 
Contractor shall perform mix testing using that component and submit laboratory test results. 
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PART 2 - PRODUCTS 

Not used. 

PART 3 - EXECUTION 
Not used. 

End of section. 
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SECTION 01600 
MATERIAL AND EQUIPMENT 



SECTION 02010 

MOBILIZATION AND DEMOBILIZATION 

PART 1 - GENERAL 

I.I Scope 
This section includes: 

• Mobilization of equipment and facilities to site 
• Contractor use of site 
• Use of existing facilities 
• Demobilization of equipment and facilities 
• Site cleanup 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01600 - Material and Equipment 

PART 2 - PRODUCTS 

Not used. 

PART 3 - EXECUTION 

3.1 Mobilization of Equipment and Facilities to Site 
Upon authorization to proceed, the Contractor shall mobilize his equipment and facilities to 
the jobsite. Equipment and facilities shall be as specified, and as defined in the Contractor's 
Work Plan. The Contractor shall erect the batch plant and assemble his equipment and 
materials in the areas designated by Westinghouse WID. Facilities shall be located as near as 
practical to the existing utilities. 

Westinghouse WID will provide utilities (460 volt AC, 3 phase, and water) at designated 
locations. The Contractor shall be responsible for all hookups and tie-ins required for his 
operations. 

The Contractor shall be responsible for providing his own office, storage, and sanitary 
facilities. 
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Areas will be designated for the Contractor's use in the underground area in the vicinity of 
the panel closure system installation. These areas are limited. 

3.2 Use of Site 
The Contractor shall use only those areas specifically designated for his use by Westinghouse 
WID. The Contractor shall limit his on-site travel to the specific routes required for 
performance of his work, and designated by Westinghouse WID. 

3.3 Use of Existing Facilities 
Existing facilities at the site which are available for use by the Contractor are: 

• WIPP roadheader 
• Waste shaft conveyance 
• Salt skip hoist 
• ( 1) 20 ton forklift 
• (1) 40-ton forklift 
• 460 Volt AC, 3 phase power 
• Water (in mine, at waste shaft only-above ground at location designated by Westinghouse 

WID). 

The Contractor shall arrange for use of the facilities with Westinghouse WID and coordinate 
his actions/requirements with that of the ongoing operations. 

Use of water in the underground will be restricted. No washout or cleanup will be permitted 
in the underground. Above ground washout/cleanup or equipment will be allowed in the 
areas designated by Westinghouse WID. 

The Contractor is cautioned to be aware of the physical dimensions of the waste conveyance 
and the air lock (see Figures 2 and 3, attached). 

The Contractor shall be responsible for any damage incurred by the existing site facilities as a 
result of his operations. Any damage shall be reported immediately to Westinghouse WID 
and repaired at the Contractor's cost. 

3.4 Demobilization of Equipment and Facilities 
At completion of this work, the Contractor shall demobilize his equipment and facilities from 
the job site. The batch plant shall be disassembled and removed along with any unused 
material. All Contractor's equipment and materials shall be removed from the mine and all 
disturbed areas restored. Utilities shall be removed to their connection points unless 
otherwise directed by Westinghouse WID. 
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3.5 Site Cleanup 
At conclusion of the work, the Contractor shall remove all trash, waste, debris, excess 
construction materials, and restore the affected areas to its prior condition, to the satisfaction 
of Westinghouse WID. A final inspection of the areas will be conducted by Westinghouse 
WID and the Contractor before final payment is approved. 

End of section. 
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SECTION 02010 
MOBILIZATION AND DEMOBILIZATION 



SECTION 02222 

EXCAVATION 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Excavation for main concrete barrier 
• Excavation for surface preparation and levelling of base areas for isolation walls 
• Disposition of excavated materials. 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01600 - Material and Equipment 
• 03100 - Concrete Form Work 
• 04300 - Unit Masonry System. 

1.3 Reference Documents 
"Reference Stratigraphy and Rock Properties for the Waste Isolation Pilot Plant (WIPP) 
Project" by R.D. Krieg-Sandia National Laboratory Document Sand 83-1908. [Available 
through National Technical Information Service (NTIS).] 

1.4 Field Measurements and Survey 
All survey required for performance of the work will be provided by Westinghouse WID. To 
develop the concrete formwork to fit the excavation, the Contractor shall be responsible for 
verifying the excavation dimensions. 

PART 2 - PRODUCTS 

Not used. 

PART 3 - EXECUTION 

3.1 Excavating for Concrete Barrier 
Excavation for the main concrete barrier shall be performed to the lines and grades shown on 
the drawings. Excavate the back a minimum of 1 inch to 3 inches beyond clay seam G, and 
the floor a minimum of 1 inch to 3 inches below the anhydride marker bed 139 (MB-139) to 
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assure removal of the disturbed rock zone (DRZ). Excavation shall be performed utilizing 
mechanical means such as a cutting head on a suitable boom, by drilling boreholes and using 
an expansive agent to fragment the rock or other competent equipment or methods submitted 
to Westinghouse WID for review and approval. The use of explosives is prohibited. The 
existing WIPP roadheader mining machine may also be available for use. The Contractor is 
to determine availability and coordinate proposed use of the roadheader with Westinghouse 
WID. The existing roadheader is capable of excavating the back and the portions of the ribs 
above the floor level. However, it is not capable of excavating the portion below floor level. 

The tolerances for the concrete barrier excavation shall be +6 inches, to 0 inch. In addition, 
the Contractor is to remove all loose or spalling rock from the excavation surface to provide a 
sound surface abutting the concrete barrier. The Contractor shall provide and install roof 
bolts for support as required for personnel protection and approved ground control plans. 

3.2 Excavating for Surface Preparation and leveling of Base Areas for Isolation Walls 
The Contractor shall excavate a 6-inch surface preparation around the entire perimeter of the 
isolation walls. The surface preparation in the floor shall be made level to produce a surface 
for placing the first course of block in the isolation walls. Tolerances for the leveled portion 
of the surface preparation are ±1 inch. Excavation may be performed by either mechanical or 
manual means. Use of explosives is prohibited. 

3.3 Disposition of Excavated Materials 
The Contractor shall remove all excavated materials from the panel-access drift where they 
are excavated. Excavated materials shall be removed from the mine via the salt skip to the 
surface, where they will be disposed on site at a location as directed by Westinghouse WID. 

3.4 Field Measurements and Survey 
All survey required for performance of the work will be provided by Westinghouse WID. 
The Contractor shall protect all survey control points, bench marks, etc., from damage by his 
operations. WID will verify by survey that the Contractor has excavated to the required lines 
and grades. The Contractor shall be responsible for verifying the excavation dimensions to 
develop concrete formwork to fit the excavation. No form work or block work is to be 
erected until this survey is completed. The Contractor is to coordinate the survey work with 
his operations to assure against lost time. The Contractor shall notify Westinghouse WID at 
least 24 hours prior to the time surveying is required 

End of section. 
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SECTION 02222 
EXCAVATION 



SECTION 02722 

GROUTING 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Grouting of concrete barrier. 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01400 - Contractor Quality Control 
• 01600 - Material and Equipment 
• 03100 - Concrete Form Work 
• 03300 - Cast-in-Place Concrete 

1.3 References 

ASTM C1107-91a Standard Specification for Dry, Hydraulic Cement Grout (Nonshrink) 

ASTM Cl09/ 
C109M-95 

Test Method for Compressive Strength of Hydraulic Cement Mortars 

1.4 Submittals for Review and Approval 

Thirty days prior to the initiation of grouting, the Contractor shall submit to Westinghouse 
WID for review and approval, the following: 

• Type of grout proposed 

• Product data: 

- Manufacturer's specification and certified laboratory tests for the manufactured grout, if 
proposed 

- Certified laboratory tests for the salt-saturated grout, if proposed, using project-specific 
materials 
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• Proposed grouting method, including equipment and materials and construction sequence in 
Work Plan. 

1.5 Submittals for Construction 
Daily grouting report indicating the day, date, time of mixing and delivery, quantity of grout 
placed, water used, pressure required, problems encountered, action taken, quality control 
data, testing results, etc., no later than 24 hours following construction. 

PART 2 - PRODUCTS 

2.1 Grout Materials 

Grout used for grouting in connection with fresh water/plain cement concrete shall be 
nonshrink, cement-based grout, Five Star 110 as manufactured by Five Star Products Inc., 
425 Stillson Road, Fairfield, Connecticut 06430 or approved equal. Mixing and installation 
shall be in accordance with the manufacturer's recommendations. 

As an alternate to the above grout, in connection with the Salado Mass concrete mix, the 
Contractor shall use, subject to the approval of Westinghouse WID, a salt saturated grout. 
The following formulation is suggested to the Contractor as an initiation point for selection of 
the grout mix. Salt saturated grout strength shall be 4500 psi at 28 days. 

Salt-Saturated Grout (BCT-1 F) 

I Component I Percent of total Mass (wt.) I 
Class H cement 48.3 

Class C fly ash 16.2 

Cal Seal (plaster - from Halliburton) 5.7 

Sodium chloride 7.9 

Dispersant 0.78 

Defoamer 0.02 

Water 21.1 

Water for mixing shall be of potable quality, free from injurious amounts of oil, acid, alkali, 
salt, or organic matter, sediments, or other deleterious substances, as specified for concrete, 
Section 03300-2.3. 
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2.2 Product Data 
If the Contractor proposes to utilize a manufactured nonshrink cement-based grout, he shall 
submit complete manufacturer's specifications for the product, along with certified laboratory 
test results of the material. 

If the Contractor proposes to utilize the salt-saturated grout in connection with the Salado 
Mass concrete mix, he shall submit manufacturer' sf supplier's specifications for the component 
materials, and certified laboratory test results for the resultant mix. 

PART 3 - EXECUTION 

3.1 General 
The Contractor shall furnish all labor material, equipment, and tools to perform all operations 
in connection with the grouting. 

Grout delivery and return lines for interface grouting shall be installed in the form work or in 
the area to be grouted to provide uniform distribution of the grout as shown on the drawings. 
The exact location of the boxes and lines shall be determined in the field. Additional grout 
delivery and return lines and boxes may be required by Westinghouse WID. 

Pumps shall be positive displacement piston type pump designed for grouting service capable 
of operating at a discharge pressure of 100 psi. The Contractor shall supply a standby pump 
to be utilized in the event of a breakdown of the primary unit. 

Mixers shall be high velocity "colloidal" type with a rotary speed of 1,200 to 1,500 rpm. 
Grout shall be mixed to a pumpable mix as per the manufacturer's recommendations. 

Mixing water shall be accurately metered to control the consistency of the grout. 

The Contractor shall provide all necessary valves, gages, and pressure hoses. 

Water for mixing is available at the waste shaft. The Contractor is cautioned that no free 
water discharges or spills are permitted in the mine. All cleanup and washout operations 
shall be performed at the ground surface. 

Potential spill areas in the underground shall be identified by the Contractor in the work plan. 
The Contractor shall provide measures to contain suitable containment. Isolation measures 
shall include, but are not limited to, lining with a membrane material (PVC, hypalon, HDPE), 
draped curtains (polyethylene,PVC, etc.), corrugated sheet metal protective walls or a 
combination of these and other measures. 

If salt-saturated grout is selected for use, the Contractor shall make provisions to accurately 
proportion the components. Proportioning shall be by weighing. Sufficient quantities of dry 
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components shall be developed prior to initiation of the grouting to perform the work so as 
not to incur delays during the mixing/placing sequence. 

3.2 Interface Grouting of Concrete Barrier 
After each cell of the concrete barrier has been allowed to cure for a period of seven days, or 
as directed by Westinghouse WID, the Contractor shall interface grout the remaining space 
between the back wall and the top surf ace of the concrete barrier. 

Each cell of the concrete barrier shall be grouted before the next adjacent cell is formed and 
concrete placed. Grout delivery and return lines shall be installed with the form work as 
shown and called for on the drawings, or as directed by Westinghouse WID. 

The placing of grout, unless otherwise directed by Westinghouse WID shall be continuous 
until completed. Grouting shall progress from lower to higher grout pipes. Grouting shall 
proceed through a single delivery line until grout escapes from the adjacent return line. The 
Contractor shall then secure these lines and move to the next adjacent set of delivery and 
return lines. Pressure shall be adjusted to adequately deliver the grout to the forms, as 
witnessed by grout in the return line. 

The grouting operation shall be conducted in a manner such that it does not affect the 
stability of the concrete barrier structure. 

3.3 Contact Grouting 
After completion of interface grouting if directed by Westinghouse WID, the Contractor shall 
contact grout to fill any remaining voids at the concrete barrier/back wall interface. Contact 
grouting includes all operations to drill, clean, and grout holes installed in the concrete 
barrier. 

The Contractor shall drill and grout the interlace zone to the main concrete barrier as directed 
by Westinghouse WID. 

The location, direction, and depth of each grout hole shall be as directed by Westinghouse 
WID. The order in which the holes are drilled and the manner in which each hole is drilled 
and grouted, the proportions of the water used in the grout, the time of grouting, the pressures 
used in grouting, and all other details of the grouting operations shall be as directed by 
Westinghouse WID. 

Wherever required, contact grouting will entail drilling the hole to a limited depth, installing a 
packer, and performing grouting. 

3.3.1 Drilling 
The holes shall be drilled with rotary-type drills. Drilling grout holes with percussion-type 
drills will not be permitted except as approved by Westinghouse WID. 
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The requirements as to location, depth, spacing, and direction of the holes shall be as directed 
by Westinghouse WID. 

The minimum diameter shall be approximately 11/2 inches. 

When the drilling of each hole or stage of has been completed, compressed air will be used 
to flush out drill cuttings. The hole shall then be temporarily capped or otherwise suitably 
protected to prevent the hole from becoming clogged or obstructed until it is grouted: 

3.3.2 Materials for Contact Grouting 
Standard weight black steel pipe conforming to ASTM A-53 shall be set in the concrete in 
the locations as directed by Westinghouse WID. All pipe and fittings shall be furnished by 
the Contractor. 

The size of the grout pipe for each hole and the depth of the holes for setting pipe for 
grouting shall be as directed by Westinghouse WID. Care shall be taken to avoid clogging or 
obstructing the pipes before being grouted, and any pipe that becomes clogged or obstructed 
from any cause shall be cleaned satisfactorily or replaced. 

The packers shall be furnished by the Contractor and shall consist of expansible tubes or rings 
of rubber, leather, or other suitable material attached to the end of the grout supply pipe. The 
packers shall be designed so that they can be expanded to seal the drill hole at the specified 
locations and when expanded shall be capable of withstanding without leakage, for a period 
of 5 minutes, air pressure equal to the maximum grout pressures to be used. 

3.3.3 Grouting Procedures 
Different grouting pressures will be required for grouting different sections of the grout holes. 
Pressures as high as necessary to deliver the grout but which, as determined by trial, are safe 
against concrete displacement shall be used in the grouting. 

If, during the grouting of any hole, grout is found to flow from adjacent grout holes or con
nections in sufficient quantity to interfere seriously with the grouting operation or to cause 
appreciable loss of grout, such grout holes and connections shall be capped temporarily. 
Where such capping is not essential, holes shall be left open to facilitate the escape of air as 
the grout is forced into other holes. Before the grout has set, the grout pump shall be 
connected to adjacent capped holes and to other holes from which grout flow was observed, 
and grouting of all holes shall be completed. If during the grouting of any hole, grout is 
found to flow from points in the barrier, any parts of the concrete structure, or other 
locations, such flows or leaks shall be plugged or caulked by the Contractor as directed by 
Westinghouse WID. 

As a safeguard against concrete displacement, excessive grout travel, or while grout leaks are 
being caulked, Westinghouse WID may require the reduction of the pumping pressure, 
intermittent pumping, or the discontinuance of pumping. 
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The consistency of the grout mix shall be varied, as directed by Westinghouse WID, 
depending on the conditions encountered. Where the grout hole or connection continues to 
take a large amount of grout after the mix has been thickened, Westinghouse WID may 
require that pumping be done intermittently, waiting up to 8 hours between pumping periods 
to allow grout in the barrier to set. After the grouting is complete, the pressure shall be 
maintained by means of stopcocks, or other suitable valve that it will be retained in the holes 
or connections being grouted. 

3.4 Cleanup 
No clean-up or washing of equipment with water is allowed in the underground. No free 
water spills are permitted. All clean out or wash out requiring water will be performed above 
ground at the location approved by Westinghouse WID. See note above regarding potential 
spill areas in Section 3.1 - General. 

3.5 Quality Control 
The Contractor shall provide a third-party quality control inspector at the site throughout the 
grout placement operations. The inspector shall determine that the grout mix is properly 
proportioned and properly mixed to the approved consistency. The inspector shall sample and 
make one set of grout cubes for compression testing for every 50 cubic feet of grout placed, 
or fraction thereof, for each day of grout placement. 

End of section. 
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SECTION 02722 
GROUTING 



SECTION 03100 

CONCRETE FORMWORK 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Formwork for cast-in-place concrete with shoring, bracing, and anchorage 
• Accessory items, grout pipes, concrete delivery pipes. 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01400 - Contractor Quality Control 
• 01600 - Material and Equipment 
• 02722 - Grouting 
• 03300 - Cast-in-Place Concrete 
• 04300 - Unit Masonry System 

1.3 References 

ACI 301-89 Specifications for Structural Concrete for Buildings 

ACI 318-89(92) Building Code Requirements for Reinforced Concrete 

ACI 347-94 Recommended Practice for Concrete Formwork 

ASTM A-36/ Standard Specification for Structural Steel 
A36M-91 

ASTM A-53-90b Standard Specification for Pipe, Steel, Black, and Hot-Dipped Zinc Coated 
Welded and Seamless 

ASTM A-325-91c Standard Specification for Structural Bolts, Steel, Heat-Treated 120/105 
ksi Minimum Tensile Strength 

ASTM A-615-95b Standard Specifications for Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement 

AWS A3.0-94 Welding Terms and Definitions 
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AWS A5.1-91 Specification for Mild Steel Covered Arc Welding Electrodes 

AWS Dl.1-94 Structural Welding Code-Steel 

AISC Manual of Steel Construction Latest Edition 

1.4 Submittals 
The Contractor shall submit the following supporting documentation for the adequacy of the 
formwork 30 days prior to initiation of work at site: 

• Shop detail drawings with appropriate calculations to support the adequacy of the 
formwork. 

• Mill test certification of materials utilized in construction of the forms. 

• Details of installation contained in the Contractor's Work Plan. 

1.5 Quality Assurance 
The design and detail of the formwork shall be conducted under direct supervision of a 
professional structural Engineer experienced in design of this work. Responsibilities include: 

• Fabricating formwork in accordance with AISC manual of steel construction. 

• Performing all welding in accordance with A WS D 1.1 structural welding code. 

• Performing all bolting in accordance with AISC specification for structural joints using 
ASTM A325 or A490 bolts. 

• Performing work in accordance with ACI 301, 318, and 347, AISC and AWS standards. 
Maintain one copy of all standards at site. 

PART 2 - PRODUCTS 

2.1 Form Materials 
Forms for the concrete barrier shall be constructed of ASTM A-36 steel. 

Pipe inserts shall be ASTM A-53 black standard weight pipe. 

Form spacers shall be ASTM A-36 round stock. 

Bolts shall be ASTM A325 high strength structural bolts. 
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Grout pipes shall be ASTM A-53 standard weight pipe or flex conduit as shown on the 
drawings. 

Rock anchors shall develop strength equal to or greater than ASTM A-36 round stock. 

Welding electrodes shall conform to AWS A5.l. 

PART 3 - EXECUTION 

3.1 General 
The Contractor shall furnish all labor material equipment and tools to perform all operations 
in connection with the design, detail, fabrication and erection of the formwork and the fabri
cation and installation of grout pipes for the main concrete barrier. All work shall be 
performed according to standards referred to in Paragraph 1.3. 

The Contractor may, at his option submit an alternate design or modify the design shown on 
the drawings, subject to the approval of Westinghouse WID. All designs must be supported 
by design calculations stamped and sealed by a registered professional engineer. 

The Contractor shall furnish, fabricate and install all grout pipes and grout boxes for both the 
concrete barrier and the isolation walls. 

3.2 Shop Drawings 
The Contractor shall design and detail all formwork for the concrete barrier, complete with 
any required bracing and shoring for the concrete barrier as shown on the drawings, in 
accordance with ACI 318 and 347 and the AISC manual of steel construction. 

The details shall incorporate provision for adjusting and modifying the formwork to suit the 
excavation. Excavation tolerances are given in Section 02222 Excavation. 

The Contractor shall be responsible for verifying the excavation dimensions to develop the 
concrete formwork to fit the excavation. 

Prior to fabrication, the Contractor shall submit shop drawings complete with supporting 
calculations for review/approval by Westinghouse WID 30 days prior to initiating work. The 
contractor shall incorporate all Westinghouse WID's comments, revisions, resolve all 
questions and resubmit drawings for final approval prior to proceeding with fabrication. 

3.3 Fabrication 
The Contractor shall fabricate all formwork and ancillary items in accordance with the latest 
edition of the AISC Manual of Steel Construction and the approved detail drawings. 
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Formwork shall contain all inserts for grouting and pumping concrete. Sufficient valving 
shall be provided on inserts to allow shut off of concrete and grout to prevent back flow 
through the form work. 

All welding shall be in accordance with A WS D 1.1 structural welding code including operator 
and procedure certifications. Elements shall be welded using E-7018 low hydrogen 
electrodes. Panels shall be piece marked to correspond to the erection drawing(s) and 
sequence at fabrication. 

3.4 Installation 

3.4.1 Grout Pipes 
The Contractor shall furnish, fabricate, and install all grout pipes and boxes as approved by 
Westinghouse WID. Grout pipes and boxes shall be attached to the back surface using 
masonry anchors as shown on the drawings or other approved methods. Grout pipes shall be 
connected to the inserts installed in the permanent forms and securely fastened to the 
formwork. All grout pipes will be blown out with compressed air after installation and prior 
to closure of the formwork to assure they are clean and free from debris or obstructions. 
Grout pipes shall then be temporarily capped to prevent entry of foreign matter until ready for 
grouting. The Contractor shall apply masking tape to the grout box openings to prevent 
concrete infiltration during concrete placement. 

3.4.2 Formwork 
The steel formwork for the concrete barrier is to remain in place at completion of each 
segment of the barrier, therefore all formwork shall be free from oil, grease, rust, dirt, mud or 
other material that would prevent bonding by the concrete. Forms will not be oiled or receive 
application of release agent. 

The Contractor shall install formwork at the locations shown on the drawings to the lines and 
grades shown. Forms are to be mortar tight. The Contractor shall adjust the formwork to 
suit the contour of the excavation. Rock may be trimmed or chipped to suit where 
interferences are encountered. Where overexcavation has occurred in excess of the designed
in adjustability of the formwork, modifications shall be proposed to Westinghouse WID for 
his approval prior to installation. Installation of the formwork shall be reviewed and 
approved by Westinghouse WID prior to proceeding with concrete installation. 

The Contractor shall provide a sealant or gasket material subject to the approval of 
Westinghouse WID. 

3.5 Quality Control 
The Contractor shall arrange for and contract with an approved third party inspector to 
provide inspection/testing services for the fabrication and installation of the formwork and 
ancillary items, as required by the QNQC plan. 
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The Contractor shall furnish certified mill test reports for all materials utilized in the 
fabrication. 

All welding shall be in accordance with A WS D 1.1 structural welding code. The Contractor 
shall furnish welding operator and procedure certifications for all operators and procedures 
utilized. 

Fabricated components shall be inspected for dimension and overall quality. Welds shall be 
inspected by an A WS certified welding inspector. 

The inspector shall visually inspect the installation for fit-up and dimensionally for location. 

3.6 Handling, Shipping, Storage 
The Contractor shall handle, ship, and store fabricated components with care to avoid damage. 
Stored components shall be placed on timbers or pallets off the ground to keep the units 
clean. Components shall be tarped while in outdoor storage. Components that become 
spattered or contaminated with mud will be thoroughly cleaned during erection, and prior to 
concrete emplacement. Damaged components will be rejected by the inspector and replaced 
by the contractor at his cost. 

End of section. 
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SECTION 03300 

CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

I.I Scope 
This section includes: 

• Cast-in-place concrete for concrete barrier 
• Concrete mix design. 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01400 - Contractor Quality Control 
• 01600 - Material and Equipment 
• 02222 - Excavation 
• 02722 - Grouting 
• 03100 - Concrete Formwork 

1.3 References 

ACI 211.1-91 Standard Practice for Selecting Proportions for Normal, Heavy 
Weight, and Mass Concrete 

ACI 318.1-89(92) Building Code Requirements for Structural Plain Concrete 

ACI 304R-89 Guide for Measuring, Mixing, Transporting, and Placing Concrete 

ASTM C 33-93 Standard Specification for Concrete Aggregates 

ASTM C 39-94 Standard Test Method for Compressive Strength of Cylindrical 
Concrete Specimens 

ASTM C 94-94 Standard Specification for Ready-Mixed Concrete 

ASTM C 136-95a Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates 

ASTM C 143-90a Standard Specification for Slump of Hydraulic Cement Concrete 
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ASTM C 150-95 

ASTM C 186-94 

ASTM C 403/ 
C 403M-95 

ASTM C 494-95 

ASTM C 618-94a 

ASTM C 845-90 

ASTM D 2216-92 

USACE CRD-C 36 

USACE CRD-C 48 

API 10 

NRMCA 

NRMCA 

Standard Specification for Portland Cement 

Standard Test Method for Heat of Hydration of Hydraulic Cement 

Standard Test Method for Time of Setting of Concrete Mixtures by 
Penetration Resistance 

Standard Specification for Chemical Admixtures for Concrete 

Standard Specification for Coal Fly Ash and Raw or Calcined 
Natural Pozzolam for Use as an Admixutre in Portland Cement 
Concrete 

Standard Specification for Expansivce Hydraulic Cement 

Standard Test Method for Laboratory Determination of Water 
(moisture) Content of Soil and Rock 

Method of Test for Thermal Diffusivity of Concrete 

Standard Test Method for Water Permeability of Concrete 

Cements 

Check List for Certification of Ready Mixed Concrete Production 
Facilities 

Concrete Plant Standards 

Westinghouse WID Standards 

WIPP-DOE-71 Design Criteria Waste Isolation Pilot Plant, Revised Mission 
Concept -- IIA (DOE, 1984) 

WP 03-1 WIPP Startup and Acceptance Test Program (Westinghouse, 1993b) 

WP 09-010 Design Development Testing (Westinghouse, 1991) 

WP 09-CN3021 Component Numbering (Westinghouse, 1994a) 

WP 09-024 Configuration Management Board/Engineering Change Proposal 
(ECP) (Westinghouse, 1994b) 
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1.4 Submittals for Review/Approval 
The Contractor shall submit the following for approval 30 days prior to initiating any work at 
the site: 

Type of concrete proposed 

Product Data - Laboratory test data and trial mix data for the proposed concrete to be utilized 
for the concrete barrier. 

Proposed method of installation, including equipment and materials in work plan. 

1.5 Submittals at Completion 
Laboratory test data developed during the installation of the concrete barrier. 

1.6 Quality Assurance 
Perform work in accordance with the Contractor's Quality Control Plan and referenced ACI 
and ASTM standards. 

Acquire cement, aggregate and component materials from the same source throughout the 
work. 

PART 2 - PRODUCTS 

2.1 Cement 
Portland cement shall conform to ASTM C150 Type II modified with Pozzolan or IV for 
plain cement concrete or API 10 Class H oil well cements. Cement utilized in the mix shall 
be Portland cement, Type II modified with pozzolan or type IV, to limit the heat of hydration 
of the resultant mix. The source of the cement to be used shall be indicated and 
manufacturer's certification that the cement complies to the applicable standard shall be 
provided with each shipment. 

2.2 Aggregates 
Aggregates shall be quartz aggregates conforming to the requirements of ASTM C33. 

Fine aggregate shall meet the requirements of ASTM C33 having a fineness modulus in the 
range of 2.80 to 3.00. 

Coarse aggregate maximum size shall be 1 1/2 inches and shall be clean, cubical, angular, 
100 percent crushed aggregate without flat or elongated particles. 

The source of the aggregate is to be indicated and test reports certifying that the aggregate 
complies with the applicable standard are to be submitted for approval with the trial mix data. 
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2.3 Water 
Water used in mixing concrete shall be of potable quality, free of injurious amounts of oil, 
acid, alkali, organic matter, or other deleterious substances. 

Water shall conform to the provisions in ASTM C94, and in addition, shall conform to the 
following: 

• pH not less 6.0 or greater than 8.0 

• Carbonates and/or bicarbonates of sodium and potassium: 1000 ppm maximum 

• Chloride ions (Cl): 250 ppm maximum 

• Sulfate ions (S04): 1000 ppm maximum 

• Iron content: 0.3 ppm maximum 

• Total solids: 2000 ppm maximum 

When ice is used in concrete mix, the water used for making ice shall meet all of the above 
requirements. 

The source of water is to be indicated and certified copies of test data from an approved 
laboratory confirming that the water to be used meets the above requirements shall be 
submitted for approval with the trial mix data. 

2.4 Admixtures 
Pozzolan shall conform to ASTM C6 l 8. Sampling and testing of pozzolans shall conform to 
ASTM C3 l l. Approximately 5 percent by weight of pozzolan may be used to replace cement 
in the mixes when approved. 

All admixtures shall conform to ASTM C-494. The source of any admixtures proposed are to 
be indicated and certified copies of test data from an approved laboratory shall be submitted 
for approval with the trial mix. 

2.5 Target Properties of the Concrete Mix 
The Contractor shall develop and proportion a plain cement concrete mix for use in 
constructing the concrete barrier. The Contractor shall demonstrate by trial mix that the 
proposed concrete meets the following properties: 
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Target properties for Barrier Concrete 

Property 

4-hr working time 

Less than 25 °F heat rise prior to placement 

4,000 psi compressive strength (() 

Volume stability 

Minimal entrained air 

Comment 

Indicated by 8-inch slump (ASTM C 142) 
after 3-hr intermittent mixing. Max 10-inch 
slump at mixing. 

Difference between initial condition and 
temperature after 4 hr. 

At 28 days after casting (ASTM C 39) 

Length change between +0.05 percent and 
-0.02 percent (ASTM C 490) 

2 percent to 3 percent air 

The Contractor shall use water reducing agents, plasticizers and other admixtures to achieve 
the slump and workability of the mix without adding excessive mixing water or excessive 
water-cement ratio. All admixtures shall conform to ASTM C-294. 

The Contractor shall provide certified copies of test data from an approved laboratory 
demonstrating compliance with the above target properties. 

In addition to the target properties the Contractor shall provide certified test data for the trial 
mix for the following properties: 

• Heat of hydration 
• Concrete Set 
• Thermal Diffusivity 
• Water Permeability 

2.6 Salado Mass Concrete 

ASTM C-186 
ASTM C-403 
USACE CRD-C36 
USACE CRD-C43 

The Contractor may elect to utilize the Salado Mass concrete in preference to developing a 
plain cement concrete. If Salado Mass concrete is selected, the Contractor shall demonstrate 
that the Salado Mass concrete meets the target properties shown above. Recommended initial 
proportioning of the Salado Mass concrete is as follows: 
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Component 

Class H cement (API 10) 

Chem Comp III (ASTM C-845 Type K) 

Class F fly ash (ASTM C-618) 

Fine aggregate 

Coarse aggregate 

Sodium chloride 

Defoaming agent 

Sodium citrate 

Water 

Percent of Total Mass 

4.93 

2.85 

6.82 

33.58 

43.02 

2.18 

0.15 

0.09 

6.38 

The Contractor shall prepare a trial mix and provide certified test data from an approved 
testing laboratory for slump, compressive strength, heat rise, heat of hydration, concrete set 
time, thermal diffusivity, and water permeability as indicated above for the plain concrete 
ITIIX. 

PART 3 - EXECUTION 

3.1 General 
The Contractor shall provide all labor material, equipment and tools necessary to develop, 
supply, mix, transport and place mass concrete in the forms as shown on the drawings and 
called for in these specifications. All work shall be according to the standard references in 
paragraph 1.3. 

The Contractor will be required to provide and erect on the site a batch plant, suitable to 
store, handle, weight and deliver the proposed concrete mix. The batch plant shall be 
certified to NRMCA standards. The batch plant shall be erected on site in the location as 
directed by Westinghouse WID. 

The Contractor shall batch, mix, and deliver to the underground, sufficient quantity of 
concrete to complete placement of concrete within one form section, as shown on the 
drawings. Once begun, placement of concrete in a section shall be continuous until 
completed. Target time for concreting one section is eight to ten hours allowing an additional 
two hours for clean up of equipment, for a total 10- to 12-hour shift. 
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It is expected that addition of water to the dry materials and mixing of the concrete will occur 
at the ground surface with transport of wet concrete to a pump at the underground level 
where it will be pumped into the forms. 

The Contractor is to provide all transport vehicles or means to transfer the wet concrete from 
the mixer truck to the pump. It is expected that the Contractor will use the waste conveyance 
hoist to transfer from the ground surface to the mine level. The Contractor is to familiarize 
himself with the dimensions of the waste conveyance and the airlock in order to provide 
suitable transport vehicles. The Contractor is also to familiarize himself with the capacity and 
speed of the conveyance to allow transfer of sufficient concrete to sustain the continuing 
placement of concrete. (See Figures 2 and 3 attached to Section 02010 - Mobilization and 
Demobilization). 

The Contractor shall determine the horizontal distance to the entry where placement of the 
concrete barrier is to occur, and develop a route, with the approval of Westinghouse WID for 
traffic flow within the underground. 

Details of the logistics for handling the concrete shall be included in the Contractors' Work 
Plan, and submitted to Westinghouse WID for approval prior to start of work at the site. 

Potential spill areas in the underground shall be identified by the Contractor in the Work 
Plan. The Contractor shall provide measures to contain and isolate any water from contact 
with the halite in these areas. Suitable containment isolation measures shall include but are 
not limited to, lining with a membrane material (PVC, hypalon, HDPE), draped curtains 
(polyethylene, PVC, etc.), corrugated sheet metal protective walls or a combination of these 
and other measures. 

3.2 Pumping Concrete 
The Contractor shall provide pumping equipment suitable for placing the concrete into the 
forms. The Contractor at a minimum, shall provide an operating and a spare pump, to be 
used in the event of breakdown of the primary unit. After transporting and prior to pumping 
the concrete shall be remixed to compensate for segregation of aggregate during transport. 
The Contractor shall indicate the equipment proposed for pumping (manufacturer, model, 
type, capacity, pressure and remixing at the point of delivery in the Work Plan). 

Each batch of concrete shall be checked at the surface at the time of mixing and again at the 
point of transfer to the pump for slump and temperature, and shall conform to the following: 

• Max. slump at mixing - 10 inches 
• Max. slump at delivery to pump - 8 inches 
• Max. temperature at placement = 70°F 

Note: No water is to be added to the mix after the initial mixing and slump are determined. 
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The Contractor shall connect to the pipe ports fabricated into the forms for delivery of the 
concrete, beginning with the lowest ports first. Pumping shall continue until concrete is seen 
in the adjacent port at which time the delivery hose will be transferred to that port and the 
first port capped. 

Pumping shall continue moving laterally then upward until the entire form is filled and the 
pour is completed. 

3.4 Coordination of Work 
The Contractor is to coordinate his work mixing, transporting, and placing the mass concrete 
with the on-going operations in the underground. Coordination of use of the facilities and 
existing equipment shall be through Westinghouse WID. 

3.5 Clean-Up 
No clean up or washing of equipment with water will be allowed in the underground. No 
free water spills are permitted in the underground. All clean-out or wash-out requiring water 
will be performed above ground at the location approved by Westinghouse WID. 

3.6 Quality Control 
The Contractor shall provide a third-party quality control inspector at the site throughout the 
concrete placement. The inspector shall be responsible for determining that the batch plant is 
proportioning the mix according to the approved proportions. The batch plant shall provide a 
print out of batch quantities for each truck delivered to the mine. The inspector shall also 
determine the slump for each batch as it is mixed and allow additional water to be added until 
the initial slump is achieved. No additional water is to be added after this time. Temperature 
will also be recorded at this time. 

The inspector shall also determine the slump and temperature following the remixing when 
concrete is transferred to the pump. Concrete not meeting or exceeding the specification is to 
be rejected and removed from the underground. 

Concrete test cylinders to determine unconfined compression strength shall be taken by the 
inspection at the delivery from remixer to the pump in the underground. Four (4) cylinders 
shall be made for each 50 cubic yards of concrete placed. Cylinders shall be sealed with 
polyethylene and taped and field cured at ambient temperatures in the mine adjacent to the 
concrete barrier area. Two (2) samples shall be tested at 7 days and the remaining two (2) at 
28 days. 

End of section. 
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SECTION 04100 

MORTAR 

PART 1 - GENERAL 

1.1 Scope 
This section includes: 

• Mortar for Isolation Wall Construction. 

1.2 Related Sections 

• 01010 - Summary of Work 
• 01400 - Contractor Quality Control 
• 01600 - Material and Equipment 
• 04300 - Unit Masonry System 

1.3 References 

ASTM C91-95 Standard Specification for Masonry Cement 

ASTM C144-93 Standard Specification for Aggregate for Masonry Mortar 

ASTM C150-95 Standard Specification for Portland Cement 

ASTM C207-91 Standard Specification for Hydrated Lime for Masonry Purposes 

ASTM C270-94 Standard Specification for Mortar for Unit Masonry 

ASTM C780-94 Standard Test Method for Preconstruction and Construction Evaluation of 
Mortars for Plain and Reinforced Unit Masonry 

ASTM Cl 142-94 Ready-Mixed Mortar for Unit Masonry 

ASTM E447-92 Test Methods for Compressive Strength of Masonry Prisms 

1.4 Submittals for Review and Approval 
The Contractor shall submit for approval the following 30 days prior to the initiation of work 
at the site. 

Design mix. 
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Certified laboratory tests for the proposed design mix, indicating conformance of mortar to 
property requirements of ASTM C270, and test and evaluation reports to ASTM C780. 

1.5 Submittals at Completion 
Certified laboratory test results for the construction testing of mortar mix. 

1.6 Quality Assurance 
Perform work in accordance with the Contractor's Quality Control Plan and referenced ASTM 
standards. Acquire cement, aggregate, and component materials from the same source 
throughout the work. 

1. 7 Delivery Storage Handling 
Maintain packaged materials clean, dry and protected against dampness, freezing and foreign 
matter. 

PART 2 - PRODUCTS 

2.1 Mortar Mix 
The Contractor shall provide mortar for Isolation Walls, which shall be in conformance with 
ASTM C270 type M, using the property specification (3,000 psi at 28 days). 

Sand for mortar shall conform to ASTM Cl44. 

Water used for mixing mortar shall be of potable quality, free of injurious amounts of oil, 
acid alkali, organic matter, sediments, or other deleterious substances, as specified for 
Concrete, Section 03300 2.3. 

The supply of materials as defined in the design mix shall remain the same throughout the 
job. 

PART 3 - EXECUTION 

3.1 General 
The Contractor shall furnish all labor material equipment and tools to perform all operations 
in connection with supplying and mixing mortar for constructing the isolation walls. 

The Contractor shall fully describe his proposed mortar mixing operation, including proposed 
equipment and materials in the Work Plan. 
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3.2 Mortar Mixing 
Mortar shall be machine-mixed with sufficient water to achieve satisfactory workability. 
Maintain sand uniformly damp immediately before the mixing process. If water is lost by 
evaporation, retemper only within one and one half hours of mixing. Use mortar within two 
hours of mixing at ambient temperature of 85° in the mine. 

3.3 Installation 
The Contractor shall install mortar to the requirements of Section 04300 Unit Masonry 
System. 

3.4 Field Quality Control 
The Contractor shall provide a third party Quality Control Inspector to perform all sampling 
and testing to confirm that the mortar mix conforms to the proposed mix properties developed 
in the design mix. 

Construction testing of mortar mix shall be in accordance with ASTM C780 for compression 
strength. Four (4) prism specimens shall be taken for each 50 cu. ft. of mortar or fraction 
thereof placed each day. 

End of Section. 
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SECTION 04300 

UNIT MASONRY SYSTEM 

PART 1 - GENERAL 

I.I Scope 
This section includes: 

• Concrete Masonry Units 

1.2 Related Sections 

• 01010 Summary of Work 
• 01400 Contractor Quality Control 
• 01600 Material and Equipment 
• 02722 Grouting 
• 03100 Concrete Formwork 
• 04100 Mortar 

I.3 References 

ASTM C55-94a Standard Specification for Concrete Building Brick 

ASTM C140-94a Standard Method of Sampling and Testing Concrete Masonry Units 

I.4 Submittals for Revision and Approval 
The Contractor shall submit for approval the following 30 days prior to initiation of the work 
at the site. 

Certified laboratory test results for the proposed solid masonry units. 

I.5 Quality Assurance 
Perform the work in accordance with the Contractor's Quality Control Plan. 

PART 2 - PRODUCTS 

2.I Concrete Masonry Units 
Concrete masonry units shall be solid (no cavities or cores), load bearing high-strength units 
having a minimum compressive strength of 3500 psi. Concrete masonry units shall be tested 
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in accordance with ASTM C140. All other aspects of the concrete masonry units shall 
comply with ASTM C55, Type I Moisture Controlled. 

Nominal modular size shall be 8 x 8 x 16 inches, or as otherwise approved by Westinghouse 
WID. 

Concrete brick shall comply with ASTM C55, Grade N, Type I (moisture controlled) having a 
minimum compressive strength of 3500 psi (Avg. 3 units) or 3000 psi for individual unit. 

2.2 Mortar 
Mortar shall be as specified in Section 04100 Mortar. 

PART 3 - EXECUTION 

3.1 General 
The Contractor shall furnish all labor, material, equipment and tools to perform all operations 
of installing Unit Masonry Isolation Walls to the lines and grades shown on the drawings. 

The Contractor shall examine the excavation of the entry to affirm that the keys have been 
properly leveled and cut to the appropriate depths, at the proper locations prior to any to any 
work. 

3.2 Installation 
The Contractor shall install the isolation walls using concrete masonry units as specified 
above. Masonry units shall be installed with 3/8-inch mortar joints with full mortar bedding 
and full head joints. Masonry units shall be installed in running bond with headers every 
third course. Masonry units shall be mortared tight to the ribs and the back wall to provide a 
seal all around the isolation wall. 

Concrete brick may be used as required for fit-up around grout pipes, or minimizing the 
dimensional fit-up at the top or sides of the isolation walls as approved by Westinghouse 
WID. The interface between the top of the isolation wall and the back wall shall be 
completely mortared to provide full contact between the back and the block wall. 

3.3 Field Quality Control 
The Contractor shall provide a third-party Quality Control Inspector to inspect the installation 
of the Concrete Masonry Unit Isolation Walls. Inspection and testing of the mortar shall be 
in accordance with Section 04100 Mortar. 

End of Section 
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DISCLAIMER 

This document was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warrant, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. References herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer or 
otherwise, does not necessarily constitute or imply its endorsement, recommendation, 
or favoring by the United States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessary state or reflect those of the 
United States Government or any agency thereof. 

This document has been reproduced directly from the best possible copy. It is 
available to DOE and DOE contractors at the following address: 

Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 37831 

Prices available from (615) 576-8401; FTS 626-8401 
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Available to the public from the 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 

ii DOE/WIPP-95-3117 



~
; 

Certification 

I certify under penalty of law that the document DOFJWIPP-95-3117 entitled "Sealing 
System Design Report," was prepared under my supervision for Sandia National 
Laboratories according to the Sandia National Laboratories Waste Isolation Pilot Plant 
Quality Assurance Program Description, Revision P. This quality assurance program is 
designed to assure that qualified personnel properly gathered and evaluated the information 
submitted. Based on my inquiry of the persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, 
accurate, and complete. 

Albert W. Dennis, P.E. 
New Mexico 
Certificate No. 5971 
Expires December 31, 1995 



WIPP Sealing System Design Report 

ABSTRACT 

This report documents the Waste Isolation Pilot Plant shaft sealing system design. The 
seals are designed to limit the release of radionuclides and haz.ardous constituents from an 
underground nuclear waste repository in salt. Design concepts documented in this report 
will form the basis for no-migration variance petition modeling. In addition, these 
concepts are the basis for detailed sealing system design development and evaluations 
that will be completed in 1996 in support of the planned Compliance Certification 
Application. The report describes the geologic and hydrologic setting for the seals, 
presents qualitative and quantitative design guidance, describes the design, documents the 
sealing materials and their properties, and discusses evaluations of sealing system 
performance. ]be design uses a variety of common materials that have very low 
permeability, demonstrated technologies for construction processes, multiple components 
to perform each intended function, and the entire length of the shafts to effect a seal 
system that will meet the performance requirements. For the permanent or long-term seal 
that resists both gas and brine flow, more then 500 ft of highly compacted crushed salt is 
used in series with more than 400 ft of clay barriers. The design retards gas flow in the 
short term using a combination or a rigid concrete barrier (enhanced by an asphalt 
waterstop) and a compacted clay barrier approximately 100 ft high. Short-term brine flow 
down the shaft is limited by a clay barrier within the overlying formation and by a 
combination of more than 500 ft of asphalt, clay, and concrete barriers within the salt. 
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Introduction 

Purpose of this Report 

This shaft seal report documents the Waste Isolation Pilot Plant (WIPP) shaft sealing 
system design. Panel closure systems and borehole seal designs will be documented separately. 
It is intended that the design concepts documented in this report form the basis for no-migration 
variance petition modeling and detailed design development and evaluations that will be 
completed in 1996. The detailed design will be documented in a topical report and included as 
appropriate in the Compliance Certification Application to the Environmental Protection Agency 
(EPA). 

Report Organization 

The remainder of this report comprises 6 sections and 4 appendices. The body of the 
design report does not generally contain detailed backup information; this information is 
incorporated by reference or in the appendices. This introduction identifies the purpose of the 
report, explains how the report is organized, and briefly describes the design development 
process. 

Site characteristics that provide the setting into which the seals would be placed are 
documented in Section 1; these characteristics include the WIPP geology and stratigraphy for 
both the region and the shafts along with the hydrologic setting for the seals. 

Section 2 presents the design guidance used for the shaft seal program. Both qualitative 
and quantitative guidance are described; the quantitative guidance related to the desired effective 
permeability of the sealing system is described based on the more detailed discussions presented 
in Appendix C. Seal-related guidance from applicable regulations is briefly described. The time 
frame is identified for the performance of various components since some components meet 
short-term needs while other components are specifically intended to meet long-term 
(permanent) considerations. 

The shaft sealing system is documented in Section 3; somewhat-more detail is provided 
for these design concepts in the drawings provided in Appendix B. The basis for the current 
concepts is briefly described along with why the Air Intake Shaft (AIS) is used as the model 
shaft for the sealing system design discussions. For each of the elements of the design guidance 
identified in Section 2, the approach taken in the design and the related design uncertainties are 
described. Finally, design alternatives considered during the course of the development of this 
design are briefly discussed. 

Section 4 discusses the materials used in the various seal components and explains why 
they are expected to function as intended. The material used to seal the shaft cross section is 
described along with discussions of both interface considerations between the material and the 
host rock and seal-related considerations in the disturbed rock near the shaft. Material properties 
including permeability, strength, and mechanical constitutive response are given for each 
material. Brief discussions of expected performance, construction techniques, longevity, and 
other characteristics relevant to the WIPP setting are also given. 

The performance of the shaft sealing system design is evaluated in Section 5. 
Performance measures for the shaft sealing system are discussed along with preliminary analyses 
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of the sealing system. Both brine and gas flow considerations are described briefly while more 
details of some of the analyses are provided in Appendix D. 

The sealing system discussions are concluded in Section 6 by summarizing the basis for 
the conclusion that an effective, implementable design concept has been presented. A section is 
then provided that documents principal references used in developing this design; the references 
provide additional information related to discussions contained in the report. 

Seal Design Development Process 

This report presents a conservative approach to shaft sealing system design. Shaft sealing 
system performance plays a crucial role in meeting regulatory radionuclide and hazardous 
constituents release requirements. Although all engineering materials have uncertainties in 
properties, a combination of available, low-permeability materials can provide an effective 
sealing system. To reduce system uncertainties and to provide additional assurance of 
compliance, additional components have been added to this sealing system. Components in this 
design include long columns of clay, densely compacted crushed salt, a water stop of asphaltic 
material sandwiched between massive low-permeability concrete plugs, and a column of asphalt 
Different materials perform identical functions within the design, thereby adding confidence in 
system performance. 

The design is based on common materials and construction technologies available today. 
In choosing materials, emphasis was given to permeability characteristics and mechanical 
properties of seal materials. However, the system is also chemically and physically compatible 
with the host formations, enhancing long-term performance. Advancements on several fronts 
have demonstrated that the specified materials can be engineered to create a very low 
permeability seal while enabling healing of disturbed rock zones (DRZs) within the host Salado 
Formation. Dense, compacted seal components and rigid concrete components are particularly 
effective in rapidly enhancing healing of the DRZ in the Salado Formation. 

Recent laboratory experiments, construction demonstrations, and field test results have added to 
the broad and credible database and have supported advances in modeling capability. Results from a 
series of multi-year, in situ, small-scale seal performance tests show that bentonite and concrete seals 
maintain very low permeabilities and show no evidence of deterioration in the WIPP environment. A 
large-scale dynamic compaction demonstration established that crushed salt can be successfully 
compacted. Laboratory tests show that compacted crushed salt consolidates through creep closure of the: 
shaft from initial conditions achieved in dynamic compaction to a dense salt mass with nearly the same 
permeability as in situ salt. These technological advancements now allow more credible analysis of the 
shaft sealing system. 

The design was developed through an interactive process involving a design team 
consisting of technical specialists in the design and construction of underground facilities, 
materials behavior, rock mechanics analysis, and fluid flow analysis. The design team included 
specialists drawn from the staff of Sandia National Laboratories, Parsons Brinckerhoff Quade 
and Douglas, Inc., RFJSPEC Inc., and INTERA Inc. The three contractors were managed by 
Sandia National Laboratories through a single point of contact. The contractors were required to 
develop a quality assurance program consistent with the Sandia National Laboratories Quality 
Assurance Program Description, Revision P and Quality Assurance Procedure 19-1, Computer 
Software Requirements. All three contractor received quality assurance support visits and were 
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audited through the Sandia National Laboratories audit and assessment program. Quality 
assurance documentation is maintained in the Sandia National Laboratories WIPP Central Files. 
In addition to the contractor support, technical input was obtained from consultants in various 
technical specialty areas. 

Technical, management, and QA reviews have been performed on this report under the 
auspices of the DOE Carlsbad Area Office Management Procedures for Document Review 
(MP4.2, Rev. 0). Staff from DOE (compliance; operational and experimental program), 
Westinghouse Waste Isolation Division, the WIPP Technical Assistance Contractor, and Sandia 
National Laboratories conducted this review. Documentation is in the WIPP Central File. 

NOTE 

Both English and Standard International (SO units are used in this report. The 
construction industry uses English units during preliminary considerations and design, whereas 
the scientific community uses SI. In general the engineering information is retained in English 
units consistent with available drawings for WIPP shafts, and SI units are used in the text where 
the conversion makes sense. Laboratory and field measurements of density, permeability, water 
content, and discussion of technical results are all in SI units. 
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1.0 Site Geologic and Hydrologic Setting 

1.1 Regional WIPP Geology and Stratigraphy 

Geologically, the WIPP is located in the Delaware Basin, which began forming 
approximately 300 million years ago. Rapid subsidence in the early Permian Period resulted in 
deposition of a sequence of deep-water sandstones, shales, and limestones rimmed by shallow
water limestone reefs. Subsidence slowed during the late Permian Period. Evaporite deposits of 
the Salado Formation (which hosts the WIPP underground workings) filled the basin and 
extended over the reef margins. The evaporites, carbonates, and elastic rocks of the Rustler 
Formation and the Dewey Lake Red Beds were deposited above the Salado Formation near the 
end of the Permian Period. The Santa Rosa and Gatufia Formations were deposited after the close 
of the Permian Period. 

From the surface downward, the stratigraphic units in the WIPP vicinity above the 
repository are the Quaternary surface sand sediments, Gatufia Formation, Santa Rosa Formation, 
Dewey Lake Red Beds, the Rustler Formation, and the Salado Formation. Detailed stratigraphic 
information on these formations is provided in Holt and Powers (1990). The stratigraphic profile 
for the Air Intake Shaft (AIS) from the surface to the repository horimn is illustrated in Figures 
1-1 and 1-2. The principal stratigraphic units, the Dewey Lake Red Beds, the Rustler Formation 
and the Salado Formation comprise all but the upper 56 ft (l 7m) of the geologic section above 
the WIPP facility. 

The Dewey Lake Red Beds, which extend from a mean sea level (MSL) elevation of 
approximately 3353 ft MSL to 2879 ft MSL, a distance of 474 ft (144 m), consist of alternating 
layers of reddish-brown, fine-grained sandstone and siltstone cemented with calcite and gypsum 
(Vine, 1963). The Rustler Formation lies below the Dewey Lake Red Beds and extends from 
approximately 2879 ft MSL to about 2569 ft MSL, a distance of 310 ft (94 m). This formation, 
the youngest of the Late Permian evaporite sequence, i:icludes units that provide potential 
pathways for radionuclide migration from the WIPP. Five units of the Rustler have been 
described (from youngest to oldest): (1) the Forty-niner Member, (2) the Magenta Dolomite 
Member, (3) the Tamarisk Member, (4) the Culebra Dolomite member, and (5) an nnmuned 
lower member. 

The 250-million-year-old Salado Formation lies below the Rustler Formation. It is about 
2000 ft (600 m) thick and consists of three informal members (from youngest to oldest): (1) an 
upper member (unnamed) composed of reddish-orange to brown halite interbedded with 
polyhalite, anhydrite, and sandstone, (2) a middle member (the McNutt Potash Zone) composed 
of reddish-orange and brown halite with deposits of sylvite and langbeinite; and (3) a lower 
member (unnamed) composed of mostly halite with lesser amounts of anhydrite, polyhalite, and 
glauberite, with some layers of fine elastic material. These lithologic layers are nearly horimntal 
at the WIPP, with a regional dip of less than one degree. The WIPP repository is located in the 
unnamed lower member of the Salado Formation. The facility station level varies between the 
shafts; however, it is located between 1306 and 1316 feet (398 and 401 m) below the top of the 
Salado Formation. 
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1.2 Local WIPP Stratigraphy and Groundwater I Brine Occurrence 

To establish the geologic framework required for the design of the WIPP facility shaft 
sealing system, an evaluation was performed to assess the geologic conditions existing in and 
between the shafts, where the individual shaft sealing systems will eventually be emplaced. The 
study evaluated shaft stratigraphy, regional groundwater occurrence, brine occUITence in the 
exposed Salado Formation section, and the consistency between data recorded on shaft as-built 
drawings and the actual field data. The following sections discuss shaft stratigraphy, regional 
groundwater occurrence, and brine oCCUITence in the exposed Salado Formation section. The 
complete report of the stratigraphic evaluation results is included in Appendix A. 

1.2.1 Shaft Stratigraphy 

Four shafts connect the WIPP underground workings to the surface. These shafts are 
cUITently identified as the 

• Air Intake Shaft (AIS), 

• Exhaust Shaft, 

• Salt Handling Shaft (formerly referred to as the Exploratory Shaft or the Construction 
and Salt Handling Shaft), and 

• Waste Shaft (formerly referred to as the Ventilation Shaft). 

Stratigraphic correlation and evaluation of the unit contacts present in the four shafts 
indicates that the lithologic units mapped within each shaft during the geologic mapping of the 
shafts typically have vertical consistency and horizontal continuity, which is demonstrated by the 
occurrence of lithologic units at approximately the same level in all four shaft locations. Some 
stratigraphic contact elevations vary because of regional structure and the stratigraphic thinning 
and thickening of units. However, the majority of the stratigraphic contacts used to date are 
suitable for engineering design reference because they intersect all four shafts. This stratigraphic 
consistency is beneficial because it will allow the shaft sealing system to be designed based on 
the AIS and then applied to the other three shafts with minor adjustments for stratigraphic 
variations. The ten stratigraphic contacts unsuitable for design reference, because they are not 
present in all four shafts, are listed in Table 1-1. 

Table 1-1. Stratigraphic Contacts Unsuitable for Engineering Design Reference 

Stratigraphic Contact Comment 
Mescalero Caliche Not mapped in air intake and waste shafts. 
Gatuila Fonnation Not mapped in waste shaft. 

Dewey Lake Red Beds Erosional contact - highly irregular upper surface. 
Marker Bed 100 Not present in all four shafts. 
Marker Bed 119 Not present in all four shafts. 
Marker Bed 120 Not present in all four shafts. 
Marker Bed 125 Not present in all four shafts. 
Marker Bed 133 Not present in all four shafts. 
Marker Bed 13 7 Not present in all four shafts. 
Anhydrite "b" Not present in all four shafts. 

Marker Bed 139 Not present in all four shafts. 
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WIPP Sealing System Design Report 

Figures 1-3 and 1-4 are structural cross sections based on MSL elevations that illustrate 
the typical consistency of stratigraphic unit contacts both vertically and horizontally among the 
four shafts. With the exception of the 11 lithologic units listed above in Table 1-1, all of the unit 
contacts and marker beds shown in Figures 1-3 and 1-4 are suitable for reference for the shaft 
sealing system design. It should be noted that there is a 440-ft (122-m) north-south offset 
between the Salt Handling Shaft and the Waste Shaft, as indicated on the figure legends. 

1.2.2 Regional and Local Groundwater Occurrence in the Rustler Formation and 
Shallower Units 

Geohydrological surveys of the WIPP site have identified six regional intervals of 
groundwater occurrence (Beauheim and Holt, 1990). These intervals are listed in Table 1-2. 

Table 1-2. Regional Intervals of Groundwater Occurrence 

Stratigraphic Unit Remarks 

Rustler Formation 

Forty-niner Member Aquitard; water producing unit is a claystone 
interbedded with anhydrite and or gypsum units. 

Magenta Dolomite Member Regional aquifer; consists of fine grained gypsiferous 
arenaceous dolomite. 

Tamarisk Member Aquitard; consists of claystone sandwiched between 
two anhydrites. 

Culebra Dolomite Member Regional aquifer; consists of a finely crystalline, 
locally argillaceous and arenaceous, vuggy dolomite. 

Unnamed Lower Member Aquitard; consists of interbedded siltstone, sandstone, 
halite, and anhydrite. Regionally has two water 
producing units; however only one is present at the 
WIPP site. It is characterized by low permeability. 

Rustler/Salado Formation Contact Groundwater seeps at formation contact; general area 
of"brine aquifer" at Nash Draw 

The Dewey Lake Red Beds geologic unit is not a regionally productive source of water. 
Drilling has identified only a few localized zones of relatively high permeability (Mercer, 1983; 
Beauheim, 1987). In the Rustler Formation most groundwater flow occurs in the Culebra 
Dolomite and Magenta Dolomite members, as well as in the Rustler-Salado contact residuum or 
"brine aquifer" in the vicinity ofNash Draw (Beauheim and Holt, 1990). The other units (the 
Forty-niner Member, Tamarisk Member, and Unnamed Lower Member) are considered aquitards 
(a confining bed that retards but does not prevent the flow of water to or from an adjacent 
aquifer) because of their low permeability throughout the area. Groundwater near the WIPP 
usually contains large concentrations of total dissolved solids. Moisture at the Rustler-Salado 
contact was observed in the Salt Handling Shaft but not the other three shafts. The only 
discussion of seepage rates in the references used for the stratigraphic evaluation was related to 
the Rustler Formation. 
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Figure 1-3. Structural cross section through excavated shafts (based on stratagraphic unit top), 
ground surface to top of Salado Formation. 
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top of Rustler Formation to total depth. 
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1.2.3 Regional and Local Groundwater and Brine Occurrence in the Salado Formation 

The Salado Formation has not been disturbed by post-depositional processes such as 
structural deformation and dissolution in the WIPP area. The formation is asswned to be brine
saturated throughout the WIPP area because of the presence of a regional hydrostatic pressure 
gradient (Mercer, 1983). Groundwater (brine) flow within it is extremely low because primary 
porosity and open fractures are lacking in the salt (Mercer, 1983) and low permeability, 
averaging 5.0 x 10·20 m2, allows for little groundwater movement (Powers et al., 1978). 
Groundwater found in the Salado Formation appears in the form of seeps and weeps and is salt 
saturated. 

The shafts were evaluated for intervals of brine seepage occurrence below the Rustler
Salado Formation contact within the exposed Salado Formation section. Of the four shafts, brine 
seepage in this interval was observed and noted only in the AIS during shaft mapping. However, 
the identified brine seepage intervals in the AIS have been projected to the other shafts-for shaft 
sealing system design purposes---in anticipation that these seepage intervals may be present in all 
four of the shafts (see Appendix A). There were no notations indicating volwne quantities of 
brine seepage in the references used for the stratigraphic evaluation. Four of the seventeen 
intervals observed in the AIS (MB 103, MB 124, Vaca Triste siltstone, and Union Anhydrite) 
were identified during the AIS mapping as primary brine-producing intervals in the Salado 
Formation (Holt and Powers, 1990). Ten of the seventeen seepage intervals were not named 
when the shaft was mapped. These intervals have subsequently been designated as zones A 
through J (see Appendix A). Seepage (i.e., seeps and weeps) observed in the exposed Salado 
Formation AIS has not been quantified but can be contrasted with recorded water-inflow data 
from the Rustler Formation water bearing units, which flowed less than a total of 1.5 gallons per 
minute into the shaft prior to liner installation. After liner install :1tion, the inflow rate dropped to 
less than 0.1 gallon per minute (Jarolimek et al., 1983). The tem1S weeps and seeps, which refer 
to low volwne fluid flow, such as water oozing from the rock, are used to describe brine 
occurrence in the Salado Formation exposed in the AIS. The unquantified seepage in the Salado 
Formation is minor in comparison to the Rustler Formation flow rates after liner installation. 

The identified intervals from the AIS lithologic log are presented in Table 1-3. A recent 
observation (July 1994) of seepage intervals within the AIS was conducted as part of the Brine 
Sampling and Evaluation Program (BSEP). These recent observations indicated the presence of 
salt encrustations in 73 locations, including the surfaces of the brine seepage intervals identified 
during shaft mapping; however, only the salt encrustations on the surface of Marker Bed 103 
were observed to be wet (Deal et al., 1995). 
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Table 1-3. Observed Brine Seepage Intervals (Salado Formation) Logged during the Mapping of 
the Air Intake Shaft 

Stratigraphic Unit/Feature Unit/Feature Comments 
Unit/ Engineering Top Bottom 

Feature (ft-MSL) (ft-MSL) 
Salado Formation 2569.3 Did not Regional potential for groundwater (brine) occurrence at the 

penetrate Rustler/Salado Formation contact; (Holt & Powers, 1990). No 
groundwater at contact noted on lithologic log. Shaft did not 
penetrate base of unit. 

Marker Bed 103 2397.0 2380.5 Brine; Weeps - moist surface in lower 4 ft; Anhydridic 
dolomite overlying claystone where weeps occur (Holt & 
Powers, 1990). 

Marker Bed 109 2268.5 2243.1 Brine; Weeps: weep symbol on log with no weep description. 
Weeps occur in mudstone with anhydrite nodules (Holt & 
Powers, 1990). 

Vaca Triste 2070.0 2062.0 Brine (Holt & Powers, 1990). Composed of halitic siltstone 
and mudstone. 

Zone A 1925.0 1915.5 Brine; Some weeps, halite with a trace of polyhalite: AIS log 
(Holt & Powers, 1990). 

Marker Bed 121 1915.5 1914.0 Brine; Weeps: AIS log. Weep symbol on log near base of 
unit (polyhalite)- no description. 2-3" clay at base (Holt & 
Powers, 1990). 

Union Anhydrite 1881.0 1873.5 Brine; Unit as a whole bears fluid. Weeps parallel to strata are 
very common around zones with elastic halite. Weeps occur 
also around fractures and contacts. AIS log (Holt & Powers, 
1990). 

Marker Bed 124 1788.0 1779.l Brine; Recent weeps parallel to fractures and bedding planes 
in anhydrite: AIS log (Holt & Powers, 1990). 

ZoneB 1736.5 1733.5 Brine; Abundant weeps, halite argillaceous to trace clay: AIS 
log (Holt & Powers, 1990). 

ZoneC 1709.0 1700.0 Brine; Modest amount of weeps, halite, trace clay and 
polyhalite: AIS log (Holt & Powers, 1990). 

ZoneD 1650.5 1640.0 Brine; Weeps in lower most part, interbedded polyhalite and 
argillaceous halite: AIS log (Holt & Powers, 1990). 

ZoneE 1640.0 1638.0 Brine: Weeps in pits, argillaceous halite: DOE-AIS log (Holt 
& Powers, 1990). 

ZoneF 1638.0 1635.0 Brine; Moderate weeps in unit, halite with trace polyhalite 
and clay: AIS log (Holt & Powers, 1990). 

ZoneG 1635.0 1633.0 Brine; Abundant weeps from pits, argillaceous halite and 
halitic claystone: AIS log (Holt & Powers, 1990). 

ZoneH 1633.0 1627.1 Brine; Moderate weeps, halite and polyhalite: AIS log (Holt 
& Powers, 1990). 

Marker Bed 129 1627.l 1625.6 Brine; Abundant weeps: AIS log (Holt & Powers, 1990). 
Zone I 1625.0 1619.3 Brine; Weeps, halite with polyhalite and claystone interbeds: 

AIS log (Holt & Powers, 1990). 

ZoneJ 1546.9 1542.9 Brine; Abundant weeps, halite trace to some clay and 
polyhalite: AIS log (Holt & Powers, 1990). 
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2.0 Design Guidance 
The WIPP is subject to numerous regulatory requirements. The use of both engineered 

and natural barriers to isolate wastes from the accessible environment is required by 40 CFR 
191.14( d). Quantitative requirements for potential releases of radioactive and other haz.ardous 
materials from the repository system are specified in 40 CFR 191and40 CFR 268. The 
regulations do not impose quantitative requirements on individual components of the repository 
sealing system. 

The absence of regulatory requirements at the component level allows repository 
designers to identify and assess the components and component parameters that have the greatest 
impact on potential releases from the repository. For example, a preliminary assessment of the 
"undisturbed performance" of the WIPP (WIPP PA Department, 1993) identified four parameters 
associated with the waste form, one parameter associated with the site, and the shaft sealing 
system permeability as "very important" when repository performance is compared to the 
regulatory requirements. 

The guidance described for the design of the shaft sealing system in this section addresses 
the need for the WIPP to comply with system requirements noted above and to follow accepted 
engineering practices using demonstrated technology. The design guidance addresses the need to 
limit: 

1. radiological or other haz.ardous constituents reaching the regulatory boundaries, 

2. groundwater flow into and through the sealing system, 

3. chemical and mechanical incompatibility, 

4. structural failure of system components, 

5. subsidence and accidental entry, 

6. development of new construction technologies and/or materials. 

Qualitative design guidance and design approach for the shaft sealing system are 
presented in Section 2.1. Quantitative design guidance for fluid flow is presented in Section 2.2. 
Qualitative as well as quantitative guidance is applicable to the design described in Section 3.0, 
but quantitative guidance serves as the basis for the evaluation of the sealing system presented in 
Section 5.0. Because the shaft sealing system depends in part on assumptions made in other 
parts of the repository system, the quantitative. design guidance for the shaft sealing system may 
change as the evaluation of the total repository system performance progresses. For example, the 
need to retard gas flow is dependent on assumptions related to waste form, brine availability, etc. 

2.1 Qualitative Design Guidance and Design Approach 

Table 2-1 contains qualitative design guidance and the design approach used to 
implement it. 
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Table 2-1. Shaft Sealing System Design Guidance 

Qualitative Design Guidance Design Approach 

The shaft sealing system shall limit: The shaft sealing system shall be designed to 
·~ - meet the qualitative design guidance in the 

following ways: 

1. the migration of radiological or other 1. brine migrating from the repository 
hazardous constituents from the repository horizon to the Rustler Formation must pass 
horizon to the regulatory boundary during through a low permeability sealing system; 
the 10,000-year regulatory period 
following closure; 

2. groundwater flowing into and through 2. groundwater migrating from the Rustler 
the shaft sealing system; Formation to the repository horizon must pass 

through a low permeability sealing system ; 

3. chemical and mechanical 3. the sealing system materials are 
incompatibility of seal materials with the chemically and mechanically compatible with 
seal environment; the seal environment or can be protected; 

4. the possibility for structural failure of 4. structural analysis shows that each 
individual components of the sealing component is adequate to withstand the forces 
system; expected from rock creep and hydraulic 

pressure; 

5. the possibility for subsidence of the 5. the shaft is completely filled with low 
ground surface in the vicinity of the shafts porosity materials, and construction equipment 
and accidental entry after sealing; would be needed to gain entry; 

6. the need to develop new technologies 6. construction of the shaft sealing system is 
or materials for construction of the shaft feasible using available technologies and 
sealing system. materials. 

2.2 Quantitative Design Guidance for Fluid Flow 

Quantitative guidance is derived from 40 CFR 191 and 40 CFR 268. These design 
concerns involving fluid flow are design-specific. The shaft sealing system has been designed to 
control migration of radionuclides and other hazardous materials from the time of repository 
closure. The shaft sealing system is depicted in Figure 2-1. Control is achieved by utilizing 
shaft sealing system components constructed of asphalt, clay, and concrete that will be effective 
upon emplacement and a compacted salt component that will become effective during the 100 
years following emplacement. The upper clay component and the consolidated salt component 
constitute long-term barriers (lasting through the 10,000-year regulatory period and beyond) to 
fluid flow for the sealing system. (The 100 years following repository closure are referred to as 
the "short term"; the 100 to 10,000-year period is referred to as the "long term.") The asphalt 
and concrete components provide additional assurance that the sealing system will be effective 
during the consolidation period for the salt component (the 100 years following closure). 
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Figure 2-1. Ammgement of the Air Intake Shaft Sealing System. 
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Fluid flow provides the principal mechanism for radiological or other haz.ardous 
constituents to be transported from the repository to the regulatory boundaries. As a 
consequence, the approach taken to isolate these materials is limiting fluid flow through the 
sealing system. 

The Rustler Subsystem consists of Components 4 and 5. It extends from the base of the 
Near-Surface Subsystem to within 16 ft (5 m) of the Rustler-Salado Contact, a distance of255 ft 
(79 m). In both the short term and long term, this subsystem shall limit the flow of groundwater 
from the Rustler Formation into and through the shaft and assist in limiting accidental entry and 
subsidence. The Rustler compacted clay column (Component 4) shall provide short-term and 
long-term separation of water bearing zones in the Rustler. 

The Salado Formation Subsystem is divided into two elements, hereafter referred to as 
the upper seal system and the lower seal system. The upper seal system consists of Components 
6 through 9 and extends from the bottom of the Rustler Subsystem to the bottom of the middle 
concrete component, a distance of 582 ft (177 m). In the short term, the upper seal system shall 
limit the flow of Rustler-Salado Contact groundwater into and through the shaft. In the long 
term, the upper Salado clay column (Component 8) shall act as a permanent barrier to the flow of 
brine and gas. The lower seal system consists of Components 10, 11, and 12. It extends from 
the bottom of the upper seal system to the shaft station monolith (Component 13), a distance of 
707 ft (215 m). The monolith is the structural component that stabilizes and limits deformation 
of the shaft station area. In the short term, the lower concrete component (Component 11) and 
the lower Salado compacted clay column (Component 12) shall retard the flow of brine and gas 
from the repository into the compacted salt column. The compacted salt column will consolidate 
during the short term and shall serve as a permanent (long-term) barrier to the flow of brine and 
gas. The lower Salado compacted clay column shall also act as a barrier to the flow of brine and 
gas during the long term. 

Modeling studies have provided quantitative design guidance for limits of brine or gas 
flow through the total sealing system. These studies (presented in Appendix C) have shown for a 
shaft sealing system having the equivalent of 100 m in length: 

• a permeability of 10"16 m2 limits brine flow, and 

• permeabilities ofless than 10"18 m2 reduce gas flow. 

In addition, a design assumption has been made that gas generation in the waste region during 
the 100 years following seal construction will not result in pressure differences in excess of 
2 MPa through the shaft sealing systems. 
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3.0 Design Description 
The design presented in this section was developed to limit the release of radioactive 

materials and haz.ardous constituents to levels that are below regulatory limits. This design is 
based on the design guidance outlined in Section 2.0, past designs, the desire to reduce the 
uncertainties associated with the performance of sealing system, and the need to effectively seal 
the shaft wall disturbed rock zone (DRZ) at the time the sealing system is installed. Knowledge 
related to the ability to compact salt to high densities, which was gained from recent 
experimental results, has also been used in the design. 

The past designs are: 

• the initial reference seal system design (Nowak et al., 1990), 

• the seal design alternative study (Van Sambeek et al., 1993), and 

• the sealing system for a representative WIPP shaft (Hansen et al., 1995). 

The sealing system design has progressed over the past five years from the initial concepts 
presented by Nowak (1990) to the concepts presented in this document. The design changes 
were implemented to take advantage of knowledge gained from small scale seals tests conducted 
at the WIPP, salt compaction tests and laboratory determination of the permeability of compacted 
salt samples conducted by Sandia National Laboratories, advances in the ability to predict the 
time-dependent mechanical behavior of the intact salt rock, and technical studies. 

Reduction of the uncertainty associated with long-term performance is addressed by 
replacing the upper and lower Salado Formation salt columns used in the earlier designs with 
compacted clay columns and by adding an asphalt sealing component in the Salado Formation. 
Use of different materials for sealing system components reduces the uncertainty associated with 
a common-mode failure. The compacted salt column provides a seal with an initial permeability 
several orders of magnitude higher than the clay or asphalt columns but with long-term 
properties approaching those of the host rock. The use of clay also allows testing of the "as
emplaced" material to verify that the values for permeability used in design are achieved in the 
field. Asphalt provides an assured seal of the shaft cross section and the interface at the time of 
installation. Sealing of the DRZ at the time of installation is addressed by grouting in the Rustler 
Formation and including an asphalt waterstop in each of the concrete components in the Salado 
Formation. Recent experimental results (Ahrens and Hansen, 1995) established that crushed salt 
can be compacted to an initial density that is at or near 90 percent of the density of undisturbed 
salt. These materials are used in concert to reduce overall uncertainty of the seal system. 

3.1 Use of the Air Intake Shaft Sealing System Design as a Representative 
Design for all Shaft Sealing Systems 

The stratigraphy at the WIPP site is uniform from shaft to shaft. As noted in Section 1.1, 
a few of the marker beds are not present in all shafts, and some thinning and thickening of 
lithologic units exist, but typically the units have vertical consistency and horizontal continuity. 
Vertical consistency is demonstrated by the fact that shaft mapping shows relatively little change 
in the elevation of marker beds and thickness of units when all four shafts are considered, and 
horizontal continuity is demonstrated by the fact that the shaft mapping reports show all major 
geologic formations and almost all marker beds to be present at all four shaft locations. The 
sources for potential groundwater (Appendix A, Sect. 3) are the same for all four WIPP shafts, as 
is the source for gas and brine. Groundwater sources· are the Culebra and Magenta Members of 
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the Rustler F onnation, the Rustler-Salado Contact Zone, and several Marker Beds in the Salado 
Formation. The waste emplacement area of the repository is the source for gas and brine. The 
waste emplacement area is connected to the shafts by the access drifts, marker beds, and the 
DRZ. Because the stratigraphy is consistent and the sources for groundwaters, gas, and brine are 
the same; a sealing system developed for the Air Intake Shaft (AIS) can be used to seal the 
remaining WIPP shafts. Adjustments in the diameter of components and minor adjustments in 
component locations, to suit shaft-specific variations in the stratigraphy, will be required in each 
of the remaining shafts. The AIS was selected as the model shaft for design of the sealing 
system because the shaft mapping report (Holt and Powers, 1990) describes the stratigraphy in 
greater detail than the mapping reports for the other shafts. 

The Waste Shaft and Salt Handling Shaft have sumps, while the AIS and Exhaust Shaft 
do not have sumps. The sumps will be backfilled at closure to provide a base for construction of 
the shaft sealing system. This backfill is not relied on to perform a sealing function. Therefore, 
the absence of a sump in the AIS does not adversely impact the design of the shaft sealing 
system. 

3.2 Air Intake Shaft Sealing System 

The general arrangement of the shaft sealing system is shown in Figures 3-1 and 3-2. A 
complete set of design drawings is included in Appendix B. The AIS sealing system design was 
developed to meet the design guidance presented in Section 2.0 of this document. This section 
discusses, qualitatively, how each of the elements of design guidance is addressed by the design. 
In Section 5.0 an evaluation of the design's ability to meet the objectives is presented. To 
facilitate discussion, each of the sealing system components has been assigned a unique number 
and a descriptive name. The component numbers and names are presented in Figure 2-1. 

Each of the elements of the design guidance is addressed in this discussion. The 
migration of groundwater into and through the sealing syiLem. is discussed first because it offers 
an opportunity to introduce each of the sealing system components in order from the surface to 
the repository horizon. The guidance on brine reaching the accessible environment is discussed 
next, and the remaining guidance elements are discussed in the same order as they are listed 
above in Table 2-1. 

3.2.1 Groundwater Migration into the Sealing System 

a. Design Guidance. The shaft sealing system shall limit groundwater flowing into and 
through the shaft sealing system. 

b. Source of Groundwater. During the mapping of the AIS, brine was observed entering the 
shaft from the Magenta and Culebra members of the Rustler Formation, the Rustler-Salado 
Formation contact zone, and 17 brine seepage intervals in the Salado Formation (Section 
1.2). The region between the surface and the upper Salado Formation was mapped in the 
fali of 1988, and the remainder of the Salado Formation was mapped in the fall of 1989. 
The quantity of brine migrating into the shaft was small: the Rustler Formation water 
bearing zones were estimated to have an inflow rate of 1.5 gpm before the shaft lining was 
installed and 0.1 gpm after liner installation. Only one of the 17 brine seepage intervals in 
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the Salado Formation, Marker Bed 103, was found to be moist during a July 1994 
inspection. Moisture was observed in the uppermost section of the Dewey Lake Red Beds. 
For design purposes the following assumptions were used: 

• migration of brine into the shaft occurs only at the locations identified in the AIS 
mapping report, and 

• MB 121, 124, and 129; Zones A through J; and the Union Anhydrite will not produce 
sufficient inflow to affect the consolidation of the compacted salt column. 

c. Potential Pathways for Groundwater Initltration. Tbree potential pathways for 
groundwater infiltration are addressed by the sealing system design: 

I. the material sealing the shaft, 

2. the interface between materials sealing the shaft and the surrounding rock, and 

3. the DRZ surrounding the shaft. 

d. Design Approach. Infiltration of groundwater is limited in the following ways: 

• Rustler Brines. The shaft through the Rustler Formation will be sealed with compacted 
clay (Component 4 shown in Appendix B Dwg. 33-SNL-005, Sh. 9 of 10). This component 
is 235 ft long. The clay will be compacted using conventional methods. The existing shaft 
liner and shaft liner plate will be removed over the length of the Magenta and Culebra 
Members and over a portion of the aquitards above, between, and below these water bearing 
zones. Removal of the shaft liner in these regions permits the clay to seal the interface and 
interrupts pathways along or through the existing liner. The DRZ will be grouted in areas 
scheduled for liner removal before the existing liner and liner plate are removed to assure 
shaft wall stability. A concrete plug (Component S shown in Appendix B Dwg. 33-SNL-
005, Sh. 8 of 10) will be installed below the compacted clay column to serve as a base for 
compaction of the clay. The concrete plug will be placed using standard construction 
methods, and the interface and DRZ will be grouted, if necessary. 

Brines passing through the compacted clay column and concrete plug will be intercepted 
by the sealing system located at and just below the Rustler-Salado Contact zone. 

• Rustler-Salado Interface Brines. The shaft through the Rustler-Salado Contact and 
immediately below this contact will be filled with asphalt (Component 6 shown in 
Appendix B Dwg. 33-SNL-005, Sh. 5 of 10). To assure an interface seal through this zone, 
a portion of the existing shaft key (shown in Figure 3-2) will be removed. The asphalt 
column is 138 ft long. The asphalt is discussed in Section 4.5. The asphalt will provide a 
complete seal across the shaft and along the shaft interface. The shaft walls are unlined in 
the Salado Formation below the existing shaft key. Brines passing the asphalt column will 
be confined to the Salado DRZ. 

The shaft will be sealed by the upper concrete component (Component 7 shown in 
Appendix B Dwg. 33-SNL-005, Sh. 3 of 10), which will be located immediately below the 
asphalt column. This component is 50 ft long and will be composed of upper and lower 
salt-saturated concrete plugs and an asphalt waterstop located at its midpoint. This 
component will effect a DRZ seal through two mechanisms: 

I. Healing of the DRZ. The DRZ in the salt surrounding the concrete plugs will heal as 
its stress state approaches that of undisturbed salt. By resisting inward creep of the salt, 
the concrete plugs will help reestablish a more uniform stress field. As the deviatoric 
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portion of the stress tensor diminishes and the mean stress increases, damaged salt will 
begin to heal. The concrete plugs will promote rapid healing of the DRZ. 

2. Asphalt. The asphalt waterstop (shown in Figure 3-3 and Appendix B, Drawing 33-
SNL-005, Sh. 3 of 10) will effect a seal in the DRZ by interrupting the flow path 
through the DRZ. The waterstop consists of a tapered slot cut 10 ft beyond the existing 
shaft wall and filled with a flowable high density sand-asphalt mixture. The slot is 2-ft 
high at the shaft wall and tapers to 1-ft high at its tip. The slot will be cut using 
equipment similar to that used in coal mining to undercut coal seams. Upon excavation 
of the slot a DRZ will form around the slot. The DRZ beyond the tip of the slot will 
heal shortly after the slot is filled with the flowable sand-asphalt mixture and the upper 
element of the concrete plug is placed. 

The sand-asphalt mixture will be continuous across the shaft cross section, the interface, and 
the slot. Thus, this component will effectively seal all brine migration pathways. The upper 
element of this concrete component also provides a base for the asphalt column. 

Any brine passing this seal from above will encounter the upper Salado compacted clay 
column (Component 8) and the middle concrete component (Component 9) before it reaches 
the compacted salt column (Component 10). 

• Marker Beds I 03 and I 09 and the Vaca Iriste. The shaft through this region will be sealed 
by the upper Salado compacted clay column (Component 8 shown in Appendix B Dwg. 33-
SNL-005, Sh. 6 of 10) and the middle concrete component (Component 9 shown in 
Appendix B Dwg. 33-SNL-005, Sh. 3 of 10). The clay column will be 344 ft long. The 
middle concrete component is identical to the upper concrete component (Component 7). 

MB I 03 is the only unit within the Salado that is cmrently moist and therefore a potential 
source of groundwater within the Salado Formation. MB 109 and the Vaca Iriste also 
intersect this component. These units were moist when the AIS was mapped, but did not 
appear moist when the shaft was inspected in 1994. The upper Salado compacted clay 
column will control inflow (if any) from these units. The upper Salado compacted clay 
column will be constructed in the same manner as the Rustler compacted clay column 
(Component 4 ). Because the shaft is not lined in the Salado, this component will seal both 
the shaft and the interface. 

Moisture in this location migrating downward through the DRZ will be controlled by the 
middle concrete component (Component 9). 

• Marker Beds J 21. 124. and 129; Zones A tbrou&h J; and the Union Anhydrite. The shaft 
through this region will be sealed by the compacted salt column (Component 10 shown in 
Appendix B Dwg. 33-SNL-005, Sh. 7of10). The compacted salt column will be 
constructed to obtain approximately 90 percent of the density of the intact WIPP salt. The 
salt column will be approximately 564 ft long. 

Moisture was observed on the shaft wall at MB 121, 124, and 129; Zones A through J; 
and the Union Anhydrite when the shaft was mapped in 1989. Only salt encrustations were 
observed at these locations when the shaft was inspected in 1994. The absence of 
observable moisture indicates that either: ( 1) the moisture observed during shaft mapping 
resulted from limited area drainage of these units, which has ceased, or (2) the inflow is 
very low and evaporation prevents visible brine accumulation. 

The salt column will offer limited resistance to brine migration immediately after 
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emplacement, and become less permeable as creep closure further compacts the salt and 
induces healing. Because the shaft is not lined in the Salado, this component will seal both 
the shaft and the interface. The compacted salt does not provide sufficient initial stiffiless to 
bring about early healing of the DRZ. 

• Groundwaters Between the Compacted Salt Colµmn and the Reposjtozy. No sources of 
groundwater were identified below Zone J in the AIS. Groundwater reaching this region 
must pass the lower concrete component (Component 11 shown in Appendix B Dwg. 33-
SNL-005, Sh. 3 of 10) and the lower Salado clay column (Component 12 shown in 
Appendix B Dwg. 33-SNL-005, Sh. 6 of 10) before gaining access to the repository horizon. 

The lower concrete component is identical to the upper concrete component 
(Component 7). The lower concrete component provides a base for compaction of the 
compacted salt column. 

The lower Salado clay column is approximately 94 ft long. Because the shaft is not lined 
in the Salado, this component will seal both the shaft and the interface. 

• Shaft Station Monolith. The shaft station monolith (Component 13 shown in Appendix B 
Dwg. 33-SNL-005, Sh. 4of10) is the bottom component of the AIS sealing system. Its 
function is to stabilize the shaft station area. The shaft station monolith also provides a base 
for compaction of the lower clay column. The shaft station monolith will completely fill the 
station area. The interface between the monolith and the surrounding rock will be grouted. 

• Sumps. The Waste Shaft and Salt Handling Shaft have sumps that extend 126 ft. and 114 
ft., respectively, below the shaft station level. The sumps will be filled prior to construction 
of the shaft station monoliths in these shafts. Seepage has been observed at MB 139 and 
MB 140 in the sumps of the Waste Shaft and Salt Handling Shaft. 

e. Design Uncertainties. The design uncertainties fall into three categories: 

1. Uncertainties associated with present conditions in the Salado Formation, for example: 
the current availability of groundwater for infiltration and the extent and permeability of 
the DRZ in the various units and marker beds penetrated by the shaft. 

2. Uncertainties associated with future conditions, for example: the future availability of 
groundwater for infiltration and changes in the extent and permeability of the DRZ with 
time. 

3. Uncertainties associated with the long-term properties of certain sealing materials, for 
example: the useful life of the concrete components and the permeability of compacted 
crushed salt as a function of time. 

These design uncertainties are addressed in the design by: 

1. using all available space in the shafts for sealing; 

2 .. using multiple components so poor performance of a single component will not lead to 
system failure; 

3. using different materials so poor performance of one material does not lead to system 
failure. 

The performance of the shaft sealing system is discussed in Section 5, Evaluation of Shaft 
Sealing System Design. 
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3.2.2 Brine Reaching the Regulatory Boundaries 

a. Design Guidance. The shaft sealing system shall limit the migration of radiological or 
other hu.ardous constituents from the repository horizon to the regulatory boundary during 
the 10,000-year regulatory period following closure. 

b. Source of Brine. After brine has migrated into the repository disposal areas, they are then 
modeled as the source of the brine for regulatory concerns. 

c. Potential Pathways for Brine. The pathways for brine forced upward from the repository 
level upward to the Culebra level (a vertical distance of approximately 1,370 ft) are the 
same as those for groundwater migration downward to the repository (i.e., the shaft, 
interface zone, and DRZ). 

d. Design Approach. Migration of brine is limited in the following ways: 

• MB 138. Brine entering the sealing system at and below MB 138 must pass through the 
lower clay column (Component 12). The lower clay column serves to limit migration of 
brine into the shaft and interface zone. The clay will be placed and compacted in a moist 
condition to assure good contact along the shaft walls and thus seal the interface zone. 
Brine migrating upward through this clay column, along the interface , and/or through the 
DRZ will be controlled by the lower concrete component (Component 11) during the first 
100 years following closure. 

• The Lower Concrete Component and Subsequent Components. The lower concrete 
component and the remaining components between this component and the Culebra 
Member will limit the upward flow of brine in the same manner that they limit the 
downward flow of groundwater. 

e. Design Uncertainties. In addition to the design uncertainties identified in Section 3.3.l, 
uncertainties associated with the location of the entry point(s) and pressure history for brine 
into the sealing system have been identified. 

This design uncertainty is addressed by placing sealing components with properties 
sufficient to resist fluid flow under WIPP conditions at and above MB 138. 

3.2.3 Design Ufe 

a. Design Guidance. The shaft sealing system shall limit chemical and mechanical 
incompatibility of sealing materials with the seal environment. 

b. Design Approach. The design is composed of clay and salt components that will be stable 
throughout and beyond the 10,000-year regulatory period, asphalt components that may be 
stable throughout this period, and concrete components that are expected to degrade during 
this period. The design initially relies on the concrete, asphalt, and clay components to seal 
the shafts. After the first 100 years, the design relies on the clay and salt components to seal 
the shafts. The clay and salt shaft sealing system components are constructed of materials 
that are chemically compatible with the host rock and brine that may come in contact with 
them. 

c. Design Uncertainties. The permeability-density relationship used to predict the 
permeability of the compacted salt column as a function of time is a major uncertainty 
associated with meeting this design guidance item. Other, lessor uncertainties are 
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associated with the prediction of the useful life of the concrete and asphalt components. 
These design uncertainties have been addressed by (1) replacing the upper and lower 
compacted salt columns used in previous designs with compacted clay columns and (2) 
restricting the design (required) life of the concrete and asphalt components to 100 years. 

3.2.4 Structural Adequacy 

a. Design Guidance. The shaft sealing system shall limit the possibility for structural failure 
of individual components of the sealing system. 

b. Design Approach. The structural adequacy of the components will be demonstrated using 
standard approaches and techniques. Structural analysis of the upper, middle, and lower 
concrete components was performed. The analysis showed that these components are 
primarily subjected to compressive loads. The analysis of these concrete components 
included analysis of the surrounding salt and predicted both the initial increase in the extent 
of the DRZ surrounding the concrete components and waterstops, and the subsequent 
healing ofthis DRZ. These concrete components are structurally adequate. Analyses have 
also been performed to predict the consolidation of the compacted salt column and clay 
columns. These analyses show that the compacted salt column will consolidate sufficiently 
during the 100 years following closure to form a low permeability seal. Healing of the DRZ 
surrounding the lower portion of the compacted salt column and the lower clay column will 
also be accomplished during the 100 years following closure. Healing of the upper portion 
of the DRZ surrounding the compacted salt column and the upper clay column may not be 
completed during the 100 years following closure. A discussion of the mechanical response 
of the sealing system is presented in Section 5 .2.2. 

c. Design Uncertainties. The method used to address this design guidance item is the 
accepted approach where applicable codes and standards are not available. When 
uncertainties are identified by either design reviews or analyses, the design will be modified 
to reduce the uncertainties and to resolve issues of structural adequacy. 

3.2.5 Subsidence and Accidental Entry 

a. Design Guidance. The shaft sealing system shall limit the possibility for subsidence of the 
ground surface in the vicinity of the shafts and accidental entry after sealing. 

b. Design Approach. The potential for subsidence is limited by complete filling of the shafts 
with low porosity materials. The potential for accidental entry is limited by installation of 
sealing system components whose removal would require construction activities similar to 
those used to sink the shaft. 

c. Design Uncertainties. None identified. 

3.2.6 Development of New Construction Technologies and/or Materials 

a. Design Guidance. The shaft sealing system shall limit the need to develop new 
technologies or materials for construction of the shaft sealing system. 

b. Design Approach. The sealing system can be constructed using currently available 
technologies and materials. Obviously, adapting these available technologies for use at the 
WIPP will require development of construction procedures specific to the WIPP shafts. 
Current construction practices will be employed to: 
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prepare the shaft walls prior to emplacement of sealing components. For 
example, the shaft walls will be cleaned, scaled back to sound surfaces, and all 
loose materials and shaft fittings will be removed prior to emplacement of sealing 
components in the Salado Formation; 

• grout the Rustler F onnation and units above the Rustler to limit groundwater 
inflow and to assure shaft stability in those regions where the existing shaft liner 
will be removed prior to emplacing sealing materials; 

• grout the interface between concrete components and surrounding rock; 

• emplace asphalt and concrete and both compact clay and salt components. 

c. Design Uncertainties. The following design uncertainty has been identified: The asphalt 
column may be subject to intrusion of brine from the Rustler-Salado contact zone. 

When asphalt was used to seal the annulus between old leaking shaft linings and new 
shaft linings in Germany, the hydraulic head in the asphalt column was maintained at a 
higher level than the hydraulic head in the surrounding formation to prevent the 
displacement of asphalt by groundwater. The hydraulic head in the Rustler-Salado Interface 
is higher than that in the asphalt column. The higher hydraulic head in the Rustler-Salado 
brine may initially result in brine intrusion into the asphalt column. However, the asphalt 
column is completely contained and the asphalt is not free to displace either vertically or 
horizontally. Therefore, the asphalt in the column would quickly reach an equilibrium 
pressure with the brine if brine intrusion occurs. 

This design uncertainty will be addressed by assessing the potential effect of brine 
intrusion into the asphalt column. If this uncertainty cannot be satisfactorily resolved, the 
design will be revised to place the top of the asphalt column below the Rustler-Salado 
contact zone. 

3.3 Design Alternatives 

During the course of the development of this design, a number of alternatives were 
considered. In this section a number of these design alternatives are presented and discussed. 
During final design, detailed analyses of the system and its components may identify the need to 
incorporate some of the alternatives presented below. The alternatives are presented for the 
components starting at the surface and proceeding downward. In each case the current 
component is identified and then alternatives are identified which could be used in place of the 
current component. 

Component 1. Clay or earthen fill is used for Component 1. Alternatives considered were: 

a. A concrete plug could be installed at the surface (e.g., in the AIS plenum) and the shaft 
could be filled below the plug. The plug design would be different for each shaft because 
each of the four shafts terminate differently at the surface. 

b. The plenum could be dismantled and a cap could be placed over the shaft collar or a plug 
could be placed in the shaft collar area. For the pmpose of this discussion, a cap is slab of 
concrete capable of supporting a specified superimposed load, and a plug is a mass of 
concrete that fills the shaft and whose thickness is equal to or greater than the shaft 
diameter. The collars of the Waste Shaft and AIS are located approximately 20 ft below the 
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ground surface, while the collars of the Salt Handling Shaft and Exhaust Shaft are located at 
the surface. 

c. The clay or earthen fill could be replaced with compacted clay. This alternative would 
provide fill with higher density and lower permeability than that provided by clay or earthen 
fill. 

d. The existing concrete shaft liner could be removed. (Note: This alternative applies to all 
components located in the lined portion of the shaft.) This alternative would eliminate any 
compromise of the sealing system integrity by liner condition. 

Component 2. A concrete plug is used for Component 2. Alternatives considered were: 

a. The existing shaft liner could be removed and the plug could be keyed into the surrounding 
rock. This alternative could be chosen at the time of shaft closure if the concrete shaft liner 
in this region is not sufficiently sound. 

b. Compacted clay or earthen fill could be used instead of concrete. This alternative would be 
used if a concrete cap or plug is placed at or near the ground surface. 

Component 3. Clay or earthen fill is used for Component 3. Alternatives considered were: 

a. Compacted clay could be used instead of clay or earthen fill. 

b. Asphalt could be used instead of compacted clay or earthen fill. In Germany, asphalt has 
been used to seal leaking shaft liners (Valk, 1989; Stoss and Braum, 1983). New steel liners 
were installed in the German shafts and asphalt was placed in the void between the new 
liners and the leaking liners. The asphalt effectively sealed the leaking liner and permitted 
continued use of the shaft. The hydrostatic pressure in the asphalt must exceed that of the 
groundwater to effectively exclude groundwater from a shaft. The specific density of the 
asphalt fill and the height of the asphalt column would be chosen so that the hydrostatic 
pressure in the asphalt is higher than that in the water bearing units of the Rustler Formation 
and the Rustler-Salado contact zone. 

c. The existing concrete shaft liner could be removed. (See Component 1, Item d for 
discussion.) 

Component 4. A compacted clay column is used for Component 4. Alternatives considered 
were: 

a. Asphalt could be used instead ofa compacted clay. (See Component 3, Item b for 
discussion.) 

b. The existing concrete shaft liner could be removed. (See Component 1, Item d for 
discussion.) 

Component 5. A freshwater concrete plug is used for Component 5. Alternatives considered 
were: 

a. If asphalt is used for Component 4, the freshwater concrete plug would be deleted and 
replaced by asphalt. 

b. The plug design could be modified so excavation is not required. The DRZ and interface 
would be grouted. The plug would develop resistance to displacement through mechanical 
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interlock with the surrounding rock. A longer plug may be required to assure adequate 
support, but there would be no need for excavation after removal of the existing shaft liner. 

Component 6. An asphalt column is used for Component 6. Alternatives considered were: 

a. A compacted clay column could be used instead of the asphalt column. Compacted clay 
would provide a shaft fill with low permeability. This low permeability material would 
limit migration of groundwater from the Rustler-Salado Interface into the shaft. If 
Component 5 were retained and a sodium bentonite clay (for example, American Colloid 
Co., type MX-80) was emplaced in this location the clay would be completely contained. If 
brine entered this region local swelling of the bentonite would occur, developing pressures 
that would seal the interface between the clay and the surrounding rock and force the clay 
into fissures in the surrounding rock (Pusch, 1982). 

b. Pelletized dry bentonite could be placed in this region. The bentonite would be confined by 
the concrete plugs above and below the surrounding shaft wall. If brine entered this region 
local swelling of the bentonite would occur, sealing the region. 

c. The freshwater concrete plug (Component 5) could be relocated below the existing key (a 
movement of approximately 80 ft downward) and the Rustler compacted clay column 
(Component 4) extended through the key. This would reduce the length of the asphalt 
column (Component 6) from 138 ft to 38 ft. An asphalt column 38 ft long would also 
effectively seal the shaft and interface. 

Component 7. A concrete plug with an asphalt waterstop is used for Component 7. 
Alternatives considered were: 

a. This component could be removed and replaced by either of the adjacent components. If a 
rigid plug is not emplaced, healing of the DRZ would take longer. The transition between 
the asphalt column and the clay column could be maintained by a concrete cap over the 
clay. 

b. The plug design could be modified so excavation is not required. The plug would develop 
resistance to displacement through mechanical interlock with the surrounding salt rock. A 
longer plug may be required to assure adequate support, but there would be no need for 
additional excavation. 

c. The waterstop could be eliminated or modified by not extending it into the surrounding salt 
rock. Upon installation, the asphalt provides assured sealing of the shaft cross section and 
interface. Sealing of the DRZ would be through creep closure and additional time would be 
required to achieve sealing of the DRZ. 

Component 8. A compacted clay column is used for Component 8. The alternative considered 
was a compacted salt column. 

Previous designs used a salt column in this region. The salt column was replaced by a clay 
column to (1) provide a medium that is less permeable dming the 100 years following 
closure and (2) reduce the uncertainty associated with using the same material in each of the 
long-term seal components. 

20 Oct 1995 34 DC>El\VIPP-95-3117 



WIPP Sealing System Design Report 

Component 9. A concrete plug with an asphalt waterstop is used for Component 9. The 
alternatives considered for this component are discussed under Component 7. 

Component 10. A salt column is used for Component 10. Alternatives considered were: 

a. This component could be replaced with a compacted clay column. Initially the compacted 
clay column would have a permeability lower than a compacted salt column. However, 
during the 100 years following closure, the salt column permeability is reduced by creep 
closure and by the end of the period the permeability of the salt column would be less than 
that of the clay column. 

b. Compressed salt blocks or quarried salt blocks with salt-mortared joints could be used. The 
use of either of these materials would assure a salt column with a high value for its initial 
average density. Uncertainties exist with regard to the ability of the mortar joints to 
consolidate in a uniform manner. 

Component 11. A concrete plug with an asphalt waterstop is used for Component 11. The 
alternatives considered for this component are discussed under Component 7. 

Component 12. A compacted clay column is used for Component 12. The alternative for this 
component is discussed under Component 8. 

Component 13. Shaft Station Monolith 

This Component could be replaced by compacted crushed salt. Compacted crushed salt 
would be less rigid than the concrete and would therefore allow greater rock mass 
movement into the station area. 
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4.0 Materials 

The basic design guidance for WIPP shaft seals is: prevent the shafts from becoming a 
pathway that compromises the repository's ability to meet performance objectives. Implicit in 
the fundamental design criteria is the assumption that if seal components are less permeable than 
the host rock, the sealing system will be adequate. This section discusses the materials used in 
the various seal components and explains why they are expected to function as intended. To 
return an open shaft to a state of low permeability, the seal design must account for three cross 
sectional elements: 

1. the massive plug material that fills the opening, 

2. the interface between the plug and the host rock, and 

3. the disturbed rock around the shaft. 

In this section pertinent material properties of the several seal elements are described. In 
general, the materials were selected for seal design elements because they are compatible with 
the stratigraphy, available, constructable, and have desired performance characteristics. The 
materials have been used widely or studied in detail to provide the basis for use within the WIPP 
sealing system. Material properties including permeability, strength, and mechanical constitutive 
response are given for each material as well as brief discussions of expected performance, 
construction techniques, longevity, and other characteristics relevant to the WIPP setting. 

The terms "short-term" and "long-term" in this design report refer to the first 100 years 
after closure and from 100 to 10,000 years, respectively. The functional periods for some 
components such as concrete plugs, clay columns, and asphalt begin immediately upon 
construction. Each of these materials is expected not to degrade for very long periods; clay and 
asphalt are likely to be geochemically stable beyond the regulatory period of 10,000 years. Salt
saturated concrete within the Salado is likely to remain intact for hundreds of years, but 
guarantee of survival is more problematic. Nonetheless, design guidance for longevity of 
concrete, grout, and asphalt is for the first 100 years after closure. The crushed salt long-term 
component will become functional well within that period and will function in tandem with the 
clay column. 

The seal materials include: 

•, Freshwater Portland cement concrete 

•· Salt-saturated concrete (Salado Mass Concrete) 

•· Compacted salt 

.. Compacted clay 

•• Asphalt 

-. Cementitious grout 

•· Clay or earthen fill. 

Each material possesses particular favorable atttibutes. In the following discussion, all these 
materials except earthen fill, an optional material, will be examined with respect to their intended 
functions. 
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4.1 Freshwater Concrete 

Concrete is perhaps the most common structural material used in the United States. For 
this seal design, freshwater concrete is differentiated from salt-saturated concrete. All good 
quality concrete possesses the highly desirable attributes of stren~ ease of constructio~ 
rigidity, and a wide range of properties that can be tailored to specific functions. Concrete also 
has a very low permeability if it remains uncracked. These properties combine to make concrete 
the material of choice for hydraulic applications such as water storage tanks, water and sewer 
pipes, tunnel and shaft linings, massive dams, and countless other applications. 

Use of concrete as a shaft seal component takes advantage of the exceptional performance 
of concrete in compressional states of stress. Reinforced concrete design is based on 
compressional volumes of concrete balanced by tensile stresses within reinforcing steel. Within 
the shaft setting, no tensile states of stress will exist, allowing use of unreinforced concrete. 
Vertical placement has the obvious advantage of no formwork and ready access during 
placement. In additio~ concrete within the sealing system will not experience freeze-thaw 
cycles, which give rise to cracking in normal surface structural elements. 

Freshwater concrete will be used within the non-Salado formations as a plug above the 
asphalt column straddling the Rustler/Salado contact (Component 5) and as a concrete plug near 
the top of the shaft (Component 2). These concrete plugs are designed to function as structural 
members possessing low permeability. Construction conditions are very favorable for a full face 
plug because hydration will be completed at 100% relative humidity. Preservation of water for ., 
hydration ensures a dense cementing paste. Well designed and properly cured mass concrete, al ~!1 

•11 

used in dams, typically will not achieve equilibrium pore pressure in its usual life (Neville, '' 
1975), which is qualitative affirmation of extremely low permeability. The concrete elements of 
the seal design are expected to be structurally competent and much less permeable than the host 
rock. 

4.2 Salt-Saturated Concrete 

Salt-saturated concrete contains a sufficient amount of salt as an aggregate to saturate the 
water for hydration with respect to NaCl. Salt-saturated concrete will be used within the Salado 
Formation (Components 7, 9, 11, and 13) because freshwater concrete would dissolve part of the 
host rock. Dissolution would result in a poor bond or perhaps a more porous interface. Salt
saturated concrete, on the other hand, will bond tightly with the Salado host rock as it cures 
(Wakeley et al., 1993). Salt-saturated concrete has been used since the 1940s for completion of 
oil wells in salt domes and for decades in salt and potash mines. Use within these industries is 
quite wide but performance measures and properties of the salt-saturated concretes are not well 
published or documented. The salt-saturated concrete proposed for the WIPP sealing system 
(called Salado Mass Concrete, or SMC) is the result of several years of optimization and 
characteri7.ation of a prefei:red mix design. In additio~ salt-saturated concrete has been used in 
experimental investigations at the WIPP. Therefore, the specification of SMC for WIPP seal 
components is well founded in experience and recent technical experimental results. 

The Waterways Experiment Station (WES), operated by the US Army Corps of_ 
Engineers, has served the WIPP in concrete and grout development for about 20 years. 
Experience includes grout development and the grouting of a deep borehole in the Bell Canyon 
Formation (Gulick et al., 1980), a series of small-scale tests underground at the WIPP (Wakeley 
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et al., 1993; Finley and Tillerson, 1992) and recent optimization studies and mass concrete trial 
batches of SMC (Wakeley et al., 1995). In addition, the WES performed chemical degradation 
studies of cementitious materials including grouts, salt-saturated samples extracted from the 
WIPP horizon after several years in situ, and SMC. Some of the basic applicable results of these 
studies are given here. 

Concrete permeability is an important design parameter. Studies show that the intrinsic 
permeability of SMC is extremely low, approaching 1 x 10·21 m2 when 100-mm-diameter 
samples are tested with nitrogen and permeability decreases as a function of time. This 
measurement corroborates the results of the Small Scale Seal Performance Tests (SSSPTs), 
which used another mixture of salt-saturated concrete. The salt-saturated concrete plugs in the 
SSSPTs were situated horizontally in a pillar and vertically in the WIPP horizon floor. They 
were subjected to stress and associated deformation, including floor heave, for about 9 years 
between performance tests. The SSSPT permeabilities measured on 1-m concrete plugs ranged 
from 4 x 10·19 m2 when initially tested in 1986 to less than 4 x 10·19 m2 when retested in 1995. 
The permeabilities measured during the SSSPT are system values that include transmissivity of 
the concrete, the interface, and any DRZ around the seal. 

A smaller database of structural material properties exists for salt-saturated concrete than 
for the well-documented normal freshwater concrete. However, SMC concrete is expected to 
perform (based on laboratory measurements) as well or better than freshwater concrete in the 
Salado section of the shaft seals. Strength and deformational characteristics of SMC are 
equivalent to a very good quality freshwater concrete, and the stress state is compression. When 
batched in bulk volumes, SMC has a strength around 6000 psi ( 40 MPa) and a modulus of 
elasticity of over 5 x 106 psi (35 GPa) (Wakeley et al., 1995). Volume stability was found to be 
excellent: -0.0002 to -0.0004 after about a year of testing at 50% relative humidity, following 
ASTM standard procedures. It is expected that SMC used in situ will not shrink because curing 
conditions will eliminate moisture loss (i.e., concrete hydration will occur at 100% relative 
humidity). 

The constitutive model for concrete is integral to analysis of the shaft sealing system. It 
is expected that a rigid inclusion such as a massive plug of SMC will exert a backstress against 
the host salt formation. In turn, the reestablished state of stress will tightly compress the 
interface and close fractures and promote healing within the DRZ. For modeling purposes, SMC 
is assigned an isothermal creep law fit to long-term creep test data. The elastic modulus is time 
(age) dependent, but reaches a constant value after about a year. 

Another consideration with respect to the use of concrete within the Salado Formation is 
the potential of degradation if the concrete is exposed to replenished supplies of caustic brines. 
Salt-saturated concretes have been shown to resist brine attack better than ordinary Portland 
cement concrete (Wakeley et al., 1994). Based on the most representative field examples to date 
(Wakeley et al., 1993), degradation of salt-saturated concrete exposed to natural WIPP brines for 
over six years was found to be insignificant. After six years in situ, the bond between the salt
saturated concrete and the host rock was excellent and the phase assemblages were unaffected by 
the brine. The specified SMC for seal components in the Salado Formation is also more resistant 
to degradation by brine than is freshwater concrete. In addition, sources of brine within the 
Salado are limited and exposure of massive concrete structures to brine would be limited. 
Degradation of cementitious materials and concrete structures in the Salado portion of the shaft 
seal design is most unlikely. 
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4.3 Compacted Salt 

Reconstituted salt comprises a major seal element (Component 10) located between MSL 
2002 and 1440 ft (170 min length). The concept of using crushed salt as a seal material 
originated in the 1950s when the National Academy of Sciences originally proposed storage of 
nuclear waste material in salt formations. It was assumed that the shafts could be filled with 
crushed salt, which would then consolidate naturally into a nearly impermeable seal by creep of 
the host rock. Chemical, physical, and mechanical compatibility was intrinsically assured. 
Laboratory testing over the last decade has shown that pulverized salt can be compressed into 
very dense blocks possessing very low permeability. Demonstrations of large-scale dynamic 
compaction and associated laboratory testing have established construction feasibility and 
measured several crucial performance parameters. Recent data establish that compacted crushed 
salt is a viable seal material. 

Crushed salt will provide a seal that will function essentially forever once it has 
consolidated. This is demonstrated by establishing initial conditions, a constitutive response of 
the crushed salt as it consolidates, and a permeability/density function for the consolidating salt. 
Initial characteristics of dynamically compacted salt have now been measured (Ahrens and 
Hansen, 1995). A full-scale demonstration successfully compacted mine-run WIPP salt to a 
uniform density of 90% of intact salt. Compaction was relatively simple and involved dropping 
a 9000-kg weight into a structural steel test chamber containing mine-nm salt. The 
demonstration did not attempt to optimize control parameters by grinding or sizing the salt 
and/or by optimizing the initial moisture content. The compacted mass ( 40 m3

) was permeability 
tested using a borehole gas flow tool. The mass was determined to have an average nitrogen 
permeability of9 x10·14 m2

• This unique application of construction practices provides a 
baseline for predictions involving the shaft seal element comprising 170 m of compacted salt. 

A significant effort has been made to establish a constitutive model for crushed salt 
because modeling of the sealing system is one means of evaluating performance through time. 
The model is used to predict performance of the salt after it is compacted in the open shaft. 
Initial technical evaluation of potential crushed salt constitutive models has been completed 
(Callahan et al., 1995). In this study, ten models with the potential to describe phenomenological 
and micromechanical processes of crushed salt were selected from a literature search. Three of 
the ten candidate models were screened for rigorous comparisons to a specially developed but 
somewhat limited database. The database contained hydrostatic consolidation tests, shear 
consolidation tests, and a combination of shear and hydrostatic tests. Based on the fitting 
statistics and the ability of the models to predict the test data, a model proposed by Spiers and 
coworkers (Spiers and Brzesowsky, 1993; Spiers and Schutjens, 1990; Spiers et al., 1989) was 
judged superior to other candidate models. The constitutive model work is fundamental to 
performance calculations of a crushed salt seal. 

The constitutive :"!odel for consolidating crushed salt will be used in future calculations 
as part of seal design and system performance analysis. Conceptually, computer models will 
simulate the shaft after it has been filled with compacted salt. Constitutive relationships dictate 
how the host salt material creeps into the former shaft volume and how the crushed salt responds 
(i.e.~ by volume reduction and by change in the stress state). Volume reduction is accompanied ....- ·• 
by decreasing permeability within the salt component. 
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Other advancements in the basic understanding of crushed salt consolidation have 
occurred in the laboratory. This ongoing testing will develop a relationship between density and 
permeability as well as measure elastic constants. An initial test shows that permeability is 
reduced substantially and quickly at pressures ~ 5 MPa. The experimental response of a sample 
of dynamically compacted salt is shown in Figure 4-1. A hydrostatic pressure of 2 MPa reduced 
permeability of the compacted salt sam~le by an order of magnitude. Further compression to 
5 MPa reduced permeability to 3 x 10"1 m

2 
and increased sample density to approximately 0.97 

of the density of intact salt. Using these data to formulate a preliminary permeability/density 
function, together with the appropriate constitutive relationship, allow an estimation of the 
permeability of the compacted salt column as a function of time. 
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Figure 4-1. Penneability of compacted salt at low hydrostatic stresses. 
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Figure 4-2 plots the expected permeability range of the Salado salt column 100 years after '""'111 
placement at an initial density of0.9 of intact salt. A range of values reflects differences between ... ·•' 
parameters for clean and argillaceous salt. This particular calculation includes the effect of 
backstress on the crushed salt. Under these modeling assumptions it is shown that 70 m of the 
salt column is tighter than 1 x 10·11 m2 at 100 years. These magnitudes of permeability and 
effective lengths of salt column are consistent with those used for design evaluation (Appendix 
D). Tests currently being conducted will generate additional permeability data with stress path 
deviation to characterize elastic properties as a function of density. These additional calculations 
will refine the information plotted in Figure 4-2. 
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Figure 4-2. Estimated permeability of the Salado salt column at 100 years. ... 1~•' 
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4.4 Compacted Clay 

Clay comprises major components of the shaft sealing system at five locations: (1) near 
the surface between 3410 ft and 3353 ft MSL, (2) in the Dewey Lake between 3313 ft and 2840 
ft MSL, (3) between 2840 ft and 2605 ft MSL in the Rustler, (4) between 2397 ft and 2053 ft 
MSL in the Salado Formation (Component 8), and (5) near the bottom of the shaft between 1340 
ft and 1296 ft MSL (Component 12). Bentonite clay is chosen here because of its 
overwhelmingly positive sealing characteristics. Relative to other clay minerals, such as illite or 
kaolinite, bentonite is perhaps two orders of magnitude less permeable (see Section 4.5). 
Bentonite is widely used as a sealing component in a variety of geotechnical applications. In 
particular, bentonite is considered a primary sealing material in several international nuclear 
waste repository programs. Studies on sealing with bentonite have been conducted in Canada, 
England, France, Germany, Sweden, Switzerland, and the United States. 

Bentonite is an excellent seal material because of its many positive attributes for the 
WIPP environment: low permeability, swelling potential, strength and mechanical properties, 
compatibility and longevity, as well as reasonable construction requirements. Generation of 
significant gas pressure (as much as 2 MPa) is not expected for the first several hundred years 
after waste emplacement. Nonetheless, the proposed design will quickly and effectively 
minimize gas migration. Compacted bentonite is an effective gas barrier because of a threshold 
pressure that is required to displace water in the larger pores. This performance characteristic 
coupled with the low permeability of the lower concrete component is sufficient to protect the 
consolidating salt column from gases generated by the repository. 

In situ tests ofbentonite at the WIPP, involving about a cubic meter of material, 
corroborate the expected sealing function. Blocks of bentonite were stacked in vertical and 
horizontal 1-m-diameter boreholes. Microdarcy permeability ( 1 x 10·11 m2 

) was measured after 
about two months of brine testing. Subsequently, permeability continued to decrease. After 
6 years of brine flow testing at 0.67 MPa (100 psi), no brine has been observed to have passed 
through the 1-m seal. A test of threshold pressure using gas and the same bentonite seal was 
completed in 1995. A pressure over 500 psi (>3 :MPa) was required to initiate flow. 

- In addition to its inherent low permeability, clay can also be expected to resist creep of 
the host Salado Formation salt into the shaft. By resisting inward creep of the salt, the clay 
component will help reestablish a more uniform stress field. As the deviatoric portion of the 
stress tensor diminishes and the mean stress increases, damaged salt will begin to heal. The clay 
component near the bottom of the shaft will promote rapid healing of the DRZ. Compaction data 
from Lambe and Whitman (1969) was used to develop a density-dependent bulk modulus. When 
this material model is used to represent clay placed in the lower Salado compacted clay col~ 
the DRZ over the length of the clay component is eJiminated in less than 25 years after 
construction. Figure 4-3 is a plot ofDRZ healing as a function of time for the shaft column filled 
with compacted clay. Based on the most recent creep and fracture finite-element model (Chan et 
al., 1995), if 50 years are assumed to elapse before construction of the shaft seals, the potential 
exists for a DRZ to develop up to 0.8 shaft radii into the rock mass. Rigidity of the clay is 
sufficient to heal the DRZ in salt between I 0 and 25 years after construction of the seal 
component. Any stiff seal material, such as concrete, would likewise heal a DRZ in salt within 
the same period of time. 
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Figure 4-3. Extent ofDRZ at various depths within the shaft. 

Elsewhere in the seal column, clay can be expected to possess equally low permeability. 
Within the Rustler, the clay seal component will be less permeable than most of the surrounding 
rock no matter which clay mineralogy is selected. The anhydrite layers in the Rustler have very 
low permeabilities. The overall permeability of the Rustler is about 1 x 10·14 to 10·15 m~ 
(Beauheim, 1987}. As illustrated in Figure 4-4, clays can readily achieve permeabilities lower 
than 10·14 to 10·1 m2

• The compacted clay component within the upper Salado will inhibit fluid 
flow just like other clay components would, but the DRZ within the salt would not heal as 
quickly as around components at greater depth because of smaller stress magnitudes. Bentonite 
and other clays act as aquitards in the geologic setting. This means clay remains relatively 
impermeable over time periods far exceeding the regulatory period for the WIPP. 
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4.5 Asphalt 

An asphalt column is proposed as an extensive seal component from MSL 2585 to 
2447 ft (Component 6). In addition, asphalt is proposed to act as a waterstop between concrete 
members at three locations within the Salado Formation. Asphalt or bitumen is commonly used 
in Europe as a seal component around concrete shaft liners and is considered a viable seal 
material for radioactive waste programs in England and Germany. Asphalt has been considered 
as an alternative seal material within the WIPP seals program for several years. Asphalt has been 
added to the present shaft seal design to increase redundancy and confidence in performance of 
the system and to add assurance that transport of brine down the sealed shaft is precluded. 
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Figure 4-4. Relationship between hydraulic conductivity, intrinsic penneability, and effective 
clay dry density for selected clay minerals (from Johnson et al., 1994). 
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Technical specifications for asphaltic components have not yet been completed, but 
considerations center on use of an asphalt mastic mix (A.MM) in contrast to hot-mix asphalt 
concrete or liquid asphalt options. AMMs for hydraulic structures are mixtures of asphalt, sand, 
and mineral filler. The asphalt content of AMM is much higher than that used in typical hot-mix 
asphalt concretes such as pavements. 

High asphalt contents (10-20% by weight) and fine, well graded aggregate comprising 
sand and mineral fillers are used to minimire interconnected porosity. Equipment available from 
vertical barrier-construction and well-drilling technologies can be adopted to build an AMM seal 
successfully under WIPP construction conditions. In place densities should approach 98% of 
maximum theoretical density with a permeability of 1 x 10·21 m 2

• 

The viscosity of the A.MM is an important physical property of the design specification. 
The AMM must be pourable at application temperatures, able to penetrate into voids or fractures, 
and viscous enough to control long-term flow. Hydrated lime is a possible additive to decrease 
moisture susceptibility and to act as an antimicrobial agent. 

For calculations, asphalt in the shaft is assumed to behave elastically. Elastic properties 
of asphalt are sensitive to temperature, which is held constant at 27° C. Elastic properties for 
current analysis are taken from Yoder and Witczak (1975). 

4.6 Cementitious Grout 

,<l"~r l~'t, 

Grouting is an option for sealing interfaces and the DRZs of nonsalt units within the it11 
Salado Formation. Portland cement is the most widely used grouting material because of its low ,,,' 
cost, availability, engineering properties, and long history of use. Neat (without aggregate) 
cement grout consists of Portland cement and water, but admixtures are commonly employed to 
alter its characteristics. There are five types of Portland cement, and any may be used for grout. 
The choice of cement type depends on the application. Grout can be formulated to attain certain 
specific properties, such as low heat of hydration, chemical resistance, and high early strength. 

Within the shaft sealing system, grout is proposed to seal interfaces and penetrate 
micmfractures within the DRZ of nonsalt lithologies or other zones where microfractures are not 
expected to heal naturally. All cementitious grouts contain particles, so the maximum particle 
dimension should be no larger than one-third of the aperture of the microcracks. A cementitious 
grout has been developed at Sandia National Laboratories (Ahrens, 1995) and demonstrated to be 
suited for producing, mixing, and injecting at the WIPP. The grout, called "ultrafine," has 90% 
of its particles smaller than 6 microns. Ultrafine consists of Type V sulfate-resistant Portland 
cement, a pozzolan of amorphous silica, and superplasticizer. Pozzolan replaces much of the 
Portland cement, reducing heat of hydration. Ultrafine is the specified grout for the sealing 
system. 

4. 7 Materials Summary 

A recap of the materials used in the seal design, the potential zones they treat, and their 
performance period are given in Table 4-1. The primary design function expected of the 
materials is to prevent the sealed shaft and the surrounding DRZ from becoming a preferred '1• 

pathway for the transmission of fluids; therefore, Table 4-2 summarizes the permeabilities of the ,.., ~1 
components. 
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Table 4-1. Seal Materials for the Salado Formation 

Short-term Period Long-term Period 
Material .. Cross .. Interface• DRZ Cross ... Interface·· DRZ 

··.•.··section ·• ... ··.·section· 

Concrete x x x x 
Compacted Salt x x x 
Compacted Clay x x x x x 
Asphalt Column x x x x 
Asphalt Water Stop x x x x x x 

Table 4-2. Material Permeabilities 

. Seal Material· Permeability (m2
) 

Freshwater/Salt-Saturated Concrete 

0 to 100 years 5.0 x 10·19 

100 to l 0,000 years 1.0 x 10·14 

Consolidated Salt 

0 years 9.0 x 10·14 

100 years 1.0 x 10"18 

100 to l 0,000 years <1.0 x 10·13 

Clay/Compacted Clay 1.0 x 10"
18 

Asphalt 1.0 x 10·21 

Cementitious Grout 3.0 x 10·17 

Earthen Fill 1.0 x 10·14 

Salado Halite 1.0 x 10·21 

Salado DRZ 1.0 x 10"16 to 1.0 x 10·21 
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5.0 Evaluation of Shaft Sealing System Design 
In this section, the performance of the shaft sealing system is compared to the design 

guidance presented in Section 2. The design is evaluated with respect to this comparison and 
also with respect to the functions of the shaft sealing system. The performance expectations for 
the shaft sealing system are discussed, as well as analyses conducted to evaluate the sealing 
system. This section presents a summary of the analyses which demonstrate that the sealing 
system meets the design guidance and performance expectations. Further evaluation of the 
sealing system with respect to fluid flow is currently under way using two-phase flow models. 
These analyses will be available for the compliance certification package. 

In general, the sealing system is divided into two functional regions: the upper seal 
system and the lower seal system. The compacted salt column comprises a member of the lower 
seal system. Performance expectations of the upper seal system are to separate water bearing 
zones and to retard the downward migration of brine into the compacted salt column. Design 
performance of the lower seal system is divided into short-term and long-term functions. In the 
short-term, the lower concrete component (Component 11) and the lower Salado compacted clay 
column (Component 12) are expected to retard the flow of brine and gas from the repository into 
the compacted salt column. The compacted salt column will consolidate during the short-term 
and will act as a permanent barrier to the flow of brine or gas through the sealing system to the 
regulatory boundary during the long-term. 

There are two major long-term seal materials for the WIPP shaft sealing system: the 
upper and lower clay columns (Components 8 and 12), and the compacted salt column 
(Component 10). Redundancy of function is incorporated into the system to assure the salt is 
adequately protected while it consolidates. From above, asphalt, concrete, and clay protect the 
salt column. From below, clay and concrete with an asphalt waterstop protect the salt. After the 
salt column consolidates, the clay and perhaps the asphalt will also continue to provide long-term 
performance redundancy. 

5.1 Structural Performance 

- Analyses were performed to evaluate structural considerations for seal components in the 
Salado formation. Components comprising the WIPP sealing system will be subjected to 
favorable, compressive stress conditions. Uniform compressive stresses will decrease void 
space, tighten any interfaces, heal microfractures in salt, and reduce permeability of the entire 
seal system. At this point in the design process, structural properties are available for materials 
that will be used for evaluating the configuration and locations of each sealing component. The 
materials are discussed in Section 4.0, and the configurations are shown in Drawing 33-SNL-
005, Sheets 1 through 10 (Appendix B). During the next phase of design, additional component 
analyses will be conducted to verify that they are adequate to withstand the forces expected from 
rock creep and hydraulic pressure. Analyses used in the design of components are discussed 
below. 

The principal structural considerations associated with the compacted salt column are: 

.,_ the rate at which the compacted salt consolidates, and 

... the ability of the consolidating salt to create a compressive load {backstress) on the 
shaft walls. 
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Both the consolidation rate and the backstress are dependent on the initial density of the 
compacted salt, depth of emplacement, and elapsed time after emplacement. As the density of 
the emplaced salt increases, the consolidation rate decreases and backstress increases. Increase 
in backstress is desirable because it promotes healing of the DRZ. Analysis showed that 
compacted salt emplaced at a density approaching 90 percent of intact salt would consolidate 
sufficiently to meet the quantitative design guidance for long-term seals. Examples of results 
from these analyses are presented in Appendix D and Section 4. 

The principal structural consideration associated with the clay and asphalt components 
was the determination of the time necessary to heal a portion of the DRZ adjacent to the 
components. Figure 4-3 shows the extent of the DRZ as a function of depth and time when 
compacted clay is used as the sealing material. This particular analysis demonstrates that the 
DRZ is healed near the lower Salado clay component in less than 25 years. Similar rapid healing 
of the DRZ is expected for other rigid or relatively incompressible seal materials used in this 
design. 

The principal structural considerations associated with the concrete components are: 

• determination of the effects that notches excavated in the shaft wall have on DRZ, 
• time (after installation· required to heal the DRZ around the waterstop, 

• time (after installation) required to heal the DRZ around the concrete plugs, and 

• ability of the concrete plugs and host rock to accommodate shear and bearing stress 
imposed by overlying fill materials and/or pressure that may be imposed by brine or 
gas. 

These analyses were used to choose the sizes and shapes of the asphalt waterstop and the 
concrete plugs. The analyses also identified stress levels in the concrete plugs as a function of 
time. 

5.2 Fluid Flow Evaluation 

Qualitative guidance on the performance of the system indicates the need to limit brine 
flow-down the shaft and limit brine or gas flow up the shaft. Both considerations have impact on 
the time necessary for consolidation of the compacted salt column (Component 10). This 
component is therefore used to evaluate the performance of the remaining components during the 
first 100 years. If the compacted salt column is protected from the flow of brine from above, 
then the repository will be isolated from that brine flow as well. Similarly, the consolidating salt 
must be protected from upward flow of brine or gas during that period. Limitation of fluid flow 
into the salt column inherently limits upward migration of brine or gas through those components 
that overlie the salt column and, consequently, to the regulatory boundary. Quantitative design 
guidance (Section 2) has provided estimates of seal properties required to limit the flow of fluids 
in the shaft sealing system, and Section 3 gives specific purposes of each design component. 

A comparative analysis of flow potential is described in Appendix D. This analysis 
compares flow potential, as defined by hydraulic conductance for both the cross-sectional seal 
material and the expected disturbed rock zone (DRZ), to the quantitative design guidance. 
Details of the single-phase fluid flow analysis are described in section D.3 along with the 
analysis assumptions and the associated parameters. Tables D-1 and D-2 provide both the 
absolute and normalized hydraulic conductance values for the lower and upper seal system 
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components. Results in these tables allow an evaluation of the degree to which the sealing 
system meets the design guidance; the quantitative guidance is met if the sum of the normalized 
conductances for the components of a system exceed unity. The degree to which an individual 
component can meet the quantitative system requirement for that function by itself can also be 
evaluated. Readers should not necessarily draw the conclusion (based solely on a low 
normalized conductance) that a particular component/material is ineffective because component 
length and the extent of the DRZ are both included in the conductance values, as discussed in 
AppendixD. 

5.2.1 Upper Seal System 

This section summarizes an evaluation of the upper seal system as compared to the design 
guidance for flow. A scoping analysis will also be provided in this section on the expected brine 
flow into the compacted salt column from the Rustler formation. 

Both the qualitative and the quantitative design guidance for the upper seal system given 
in Section 2 are met at all times. Additionally, system confidence is very high because, at 
emplacement, two components meet the design guidance for the system and, within 50 years 
after emplacement, all components meet the design guidance by themselves. The total 
normalized conductance for the upper seal system is greater than 4.0 immediately after 
installation and improves with time because ofDRZ healing. This result is not surprising 
because extensive lengths of very low permeability materials are used, and the permeability of 
the DRZ is not much higher than the needed system permeability. The upper seal system 
therefore meets the design guidance and offers redundancy for the regulatory period. 

The following discussion presents a conservative approximation of brine flow down to 
the compacted salt column. Using Darcy's Law and assuming that the shaft above the upper 
compacted clay (Component 8) is filled with water, the predicted flow is: 

flow= (conductance) x (height of water column) (5-1) 

The conductance for the clay seal material and surrounding DRZ is, from Table D-1, time
dependent for the first 100 years. Using the appropriate conductance at times 0, 10, and 50 years, 
a conservative calculation predicts a maximum of 30 m3 of brine can flow through the clay 
column in 100 years (it is assumed that the conductance remains constant for the period between 
50 and 100 years). The initial pore volume of the compacted salt column is approximately 
500 m3

• As the salt consolidates, the pore volume is reduced. Brine saturation of the available 
pore volume will impede the consolidation rate. From Figure D-3 it is seen that, at 100 years, the 
fractional density at the midpoint of the salt column is approximately 95% of the density of intact 
halite. Based on this figure, a first-order approximation of the available pore volume at 100 
years is 150 m3

• This pore volume is significantly greater than 30 m3
• This quantity of brine is 

not sufficient to impede consolidation of the salt column. This analysis takes no credit for seal 
components that overlie the clay seal material or the concrete component with an asphalt 
waterstop, which underlies the compacted clay. Therefore, it can be concluded that the upper 
seal system will meet the performance expectation oflimitation of brine flow down into the salt 
column. 
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5.2.2 Lower Seal System 

This section summarizes an evaluation of the lower seal system as compared to the design 
guidance for gas flow. Table D-1 identifies the effective conductance of various components that 
can limit gas or brine flow. With the exception of initial emplacement (t = 0), the system is 
effective at all times in meeting the quantitative design guidance for this system. The lower seal 
components comprising concrete with a water stop (Component 11) and compacted clay 
(Component 12) do not need to immediately meet the quantitative design guidance because gas 
pressure is expected to be minimal in the first few years after repository closure. 

The lower compacted clay column will be capable of providing an effective gas seal. 
Two-phase flow dynamics are not considered in these calculations. The compacted clay column 
will be moist when emplaced. The current design specifies a gas threshold pressure of 2 MPa. 
Three physical characteristics of the sealing system control the flow of gas. These are the 
difference in fluid pore pressures across the seal (driving force}, the gas threshold pressure of the 
seal, and the relative permeability of the seal (gas permeability). Because the clay column will 
be emplaced at a brine saturation approaching unity, the gas permeability of the clay seal will 
approach zero and at most will be one-tenth or one-hundredth of the intrinsic permeability of the 
clay (intrinsic permeability is used in the analyses presented in Appendix D). Substituting an 
intrinsic permeability one order of magnitude smaller than the one used for the clay column 
reveals that the normalized hydraulic conductance for the clay column and DRZ would be greater 
than 1 and would meet the guidance. For the seal to be an ineffective gas barrier at early times, 
the gas pressures at the base of the shaft would have to increase to pressures exceeding the pore 
pressure in the seal plus the gas threshold pressure of the seal material. Gas threshold pressure 
can be related to permeability (Davies, 1991). For a seal with a permeability of 1 x 10·11 m2

, the 
gas threshold pressure could be several MPa. Therefore, even though the single-phase 
calculations show that the lower seal does not meet the quantitative design guidance at closure, 
two-phase flow dynamics will result in an effective gas seal. 
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6.0 Conclusions 

The WIPP shaft sealing system design documented in this report is an effective, 
implementable design concept. The design concepts were developed through an interactive 
process involving technical specialists in the design and construction of underground facilities, 
materials behavior, rock mechanics analysis, and fluid flow analysis. The design uses (1) a 
variety of common materials that have very low permeability, (2) demonstrated technologies for 
construction processes, (3) multiple components to perform each intended function, and (4) the 
entire length of the shafts to effect a sealing system. In addition, the design incorporates recent 
developments related to: 

• successful demonstrations of compaction technology for salt compaction; 

• attainment of high densities and accompanying low permeabilities in consolidating 
crushed salt; 

• development of a constitutive model for crushed salt consolidation; 

• design guidance that better quantify performance goals for, and the importance of, seal 
permeability; 

• 
• 

• 

design guidance on functional requirements for seal components; 

development of improved capabilities for simulating WIPP salt creep behavior and 
potential DRZ development and healing; 

successful retesting (-10 years after emplacemen~ ofWIPP small-scale concrete seal 
performance, which shows permeability -10·20 m ; and 

• additional information from WIPP studies, international studies, and construction 
experience related to the very low permeabilities of salt-saturated concrete, asphalt, and 
clay. 

The designers have provided a shaft sealing system that is an effective barrier to brine and 
gas flow. For the permanent or long-term seal that resists both gas and brine flow, robustness is 
achieved by providing more than 500 ft of a highly-compacted crushed salt barrier in series with 
mo.re than 400 ft of clay barriers. The design retards gas flow in the short-term using a redundant 
combination of a rigid concrete barrier ( enhanc_ed by an asphalt waterstop included as an 
additional DRZ barrier) and a compacted clay barrier approximately 100 ft in length. Finally, 
short-term brine flow down the shaft is limited by a clay barrier within the Rustler Formation and 
by a combined length of more than 500 ft of asphalt, clay, and concrete barriers within the 
Salado Formation. These design concepts form the basis for No-Migration Variance Petition 
modeling, initiation of the detailed design development, and evaluations that will be completed 
in 1996 for incorporation, as appropriate, into the Compliance Certification Application. 
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Appendix A: 
Results of the Shaft Stratigraphy and Geohydrology Evaluation 
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Appendix A: 
Results of the Shaft Stratigraphy and Geohydrology Evaluation 

The purpose of evaluating the shaft stratigraphy and geohydrology at the Waste Isolation 
Pilot Plant (WIPP) is to establish the geologic and hydrologic information base required for 
design of the WIPP Facility Shaft Sealing System. The evaluation was completed in two phases. 
Phase I included: 

• Confirmation of previously determined elevations of named stratigraphic unit contacts 
and marker beds from surface to total depth of the shafts, as ascertained from 
geotechnical reports on geologic mapping of each shaft during construction. 

• Summary of regional groundwater occurrence intervals, as well as intervals of 
groundwater/ brine seeps logged during the geologic mapping of each shaft. 

• Summary of clay presence in marker beds as logged during the geologic mapping of each 
shaft. 

• Compilation of the stratigraphic data into a data base of named stratigraphic unit contacts 
and their mean sea level (MSL) elevations that intersect all four WIPP shafts. 

• Construction of geologic structural cross-sections through the excavated shafts utilizing 
the compiled stratigraphic data base (SDB). 

Phase II focused on further evaluation of brine occurrence within the exposed Salado Formation 
section and survey control for determining a reference point for use when determining subsurface 
depths. The Phase II evaluation of each shaft included: 

1. Detailed correlation and projection of brine seepage intervals between the shafts, which was 
accomplished by compiling and evaluating data from available geotechnical shaft inspection 
r~orts, shaft geotechnical reports, and recently published groundwater reports to identify 
additional intervals of brine seepage that were not analyzed in previous shaft design studies. 

2. Research of survey information to secure copies of the original survey plats, which document 
ground surface elevation for each shaft. 

3. Review of shaft as-built diagrams to determine 

•· a consistent surveyed datum, based on mean sea level (MSL), for reference when 
computing below-surface depths of named stratigraphic unit contacts and other relevant 
intervals of engineering design interest and 

• consistency between elevations of engineering and lithologic features in the shafts 
recorded on as-built drawings and shaft geotechnical reports. 

A.1 Stratigraphic Evaluation 

A.1.1 Correlation of Stratigraphic Contacts 

Correlated stratigraphic unit contacts presented in the four shafts are expressed in MSL 
elevations. Figures 1 and 2 are geologic structural cross-sections based on MSL elevations. It 
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should be noted that there is a 400 ft (122 m) north-south offset between the Salt Handling shaft 
and the Waste Shaft as indicated on the figure legends. The cross-sections are presented here in a 
straight line format for ease of comparing stratigraphic consistency between adjacent shafts. 
These figures illustrate that the stratigraphic unit contacts are consistent both vertically and 
horizontally between the shafts. Some stratigraphic contact elevations vary because of regional 
structure and the stratigraphic thinning and thickening of units. However, the majority of the 
stratigraphic contacts used to date are suitable for the shaft stratigraphy correlation project 
because they intersect all four shafts. The exceptions are the following marker beds, listed in 
Table l, which (1) do not correlate among all four shafts because oflocalized thinning and pinch
outs, (2) are erosional surfaces, or (3) simply were not recorded during the geologic mapping of 
the shaft wall. 

Table 1. Marker beds unsuitable for correlation 

Stratigraphic Contact Comment 

Mescalero Caliche Not mapped in air intake and waste shafts. 

Gatuiia Formation Not mapped in waste shaft. 

Dewey Lake Red Beds Erosional contact - highly irregular upper surface. 

MB-100 Not present in all four shafts. 

MB-119 Not present in all four shafts. 

MB-120 Not present in all four shafts. 

MB-125 Not present in all four shafts. 

MB-133 Not present in all four shafts. 

MB-137 Not present in all four shafts. 

Anhydrite b Not present in all four shafts. 

MB-139 Not penetrated by all four shafts. 

200ct 1995 A-4 DOE/\VIPP-95-3117 



I 

-

11 

I 
I 
I 
I 
I 
I 
I 
I 

I 

WIPP Sealing System Design Report 

Air Intake Shaft Salt Handling Shaft Waste Shaft Exhaust Shaft 

tr ·---- ----+!if ;;;-
-t'llUl---------~llUI - - - - - - - - - - -· - ..+DUI 

§; . 
...I en 
~ 
s 
~ 
~ 
"G a: 
c 
0 
~ 

~ 

3000 

l ........... T.-

+----------+ +TM-----------+ 

+cu.-_::::::::::::::::::; 
+11.11 

-TM 

QA. ..... 

_,_ 
T-.n.111, T-

- -TAii TAii 

QA. cu. 
ULM ..... 

-t-w.--------------------+---------+--
~----625--------.-----400----+-..... --4s1---·~I 

2500 '-------------------------------""" Horizontal Distance 

-----62511----- 51111 Handling Shall 
N01' TO SCALE 

W.... Sbd "f 11 45t 11-----&hausl Shall 

SURF.QSD S~ S8lld 
MES 
BAT 
SR 
DLR 
TIRUlller 
T"8er 

M9lclllero Callche 
GmNFormdon 
Slrlla RoA Formation 
0-V Lak8 Redbeds 
Top of Rlllller Fonnalion 
Top of Forty-nirWr mM1ber of the 
Rlllller Formation 

MAB Mllg9llla Dolomil9 mMlber of the RUltler Fonnalion 
TAM Tlllmrilk mM1ber of the Rlllller Fonna1ion 
CUL Culeln Da1om11e mM1ber of the Rllltler FonnllliCln 
ULM Unrwned IDwW mMlber al the Rlllller Focmalian 
SAL Slll8do Formation __ .,..,... 

Figure 1. Structural Cross-section through excavated shafts, ground surface to top of 
Salado Formation. 
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Figure 2. Structural Cross-section through excavated shafts. top of Rustler Fonnation 
to total depth. 
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A.1.2 Sources of Information/Methodology of Stratigraphic Correlations 

Lithologic logs, surface elevation references, and previous stratigraphic interpretation 
were secured from the somces listed in Table 2. It should be noted that, since its construction, the 
Salt Handling Shaft has had several names. At various times it has been called the Exploratory 
Shaft, the Construction and Salt Handling Shaft, and the Salt Handling Shaft. Currently, and 
therefore in this report, it is called the Salt Handling Shaft. Also note that the Waste Shaft was 
called the Ventilation Shaft dming the initial phases of its construction. 

Table 2. Stratigraphic information somces 

Shaft Document Number Document Title 
(Author) 

Exhaust DOE-WIPP-86-008 Geotechnical Activities in the Exhaust Shaft 
(Holt and Powers, 1986) 

DACW47-83-B-0010 Contract Drawings-CCP-1F6/1D Underground 
Experimental Areas/Waste Shaft and Exhaust 
Shaft (Drawing 35-R-004-010) 

Waste WTSD-TME-038(Holt Geotechnical Activities in the Waste Handling 

(formerly called 
and Powers, 1984) Shaft 

Ventilation (TSC-D' Appolonia, Geologic Mapping and Water Inflow Testing 
Shaft) 1983) GFDR No. 4 in the SPDV Ventilation Shaft 

WTSD-TME-3179 Correlation of Drillhole and Shaft Logs Waste 
(Jarolimek et al., 1983b) Isolation Pilot Plant (WIPP) Project 

Southeastern New Mexico 

Salt Handling TME 3178 (Jarolimek, Geotechnical Activities in the Exploratory 

(fof!Ilerly called 
Timmer, and McKinney, Shaft-Selection of the Facility Interval 

Exploratory or 1983a) 

Construction & WTSD-TME-3179 Correlation ofDrillhole and Shaft Logs Waste 
Salt Handling) (Jarolimek, Timmer, and Isolation Pilot Plant (WIPP) Project 

Powers, 1983b) Southeastern New Mexico 

DOE-WIPP-86-010 (US Waste Isolation Pilot Plant Design Validation 
DOE, 1986) F"mal Report Appendices 

Air Intake DOE-WIPP-90-051 Geologic Mapping of the Air Intake Shaft at 
(Holt and Powers, 1990) the Waste Isolation Pilot Plant 

DACW47-83-B-0010 Contract Drawings - CCP-1F6/ID 
Underground Experimental Areas/Waste Shaft 
and Exhaust Shaft (Drawing 35-R-004-010) 
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To confirm previous correlations, each shaft lithologic log was enlarged or reduced to a 
consistent scale of 1 in. = 10 ft. The lithologic log from the Air Intake Shaft (AIS) was used as 
the control log for correlations because it recorded the vertical occurrence of named stratigraphic 
unit contacts from ground surface to total depth at the facility level. 

Correlation of the shaft logs required a side-by-side comparison with the AIS log. The 
tops and bases of the stratigraphic units were marked or confirmed and recorded as elevations 
relative to MSL. Several named stratigraphic unit contacts were not recorded on all four shaft 
logs during the original mapping program. Unrecorded named stratigraphic units were correlated 
with adjacent shaft logs. The newly correlated named stratigraphic unit contacts are listed in 
Table 3. 

Table 3. Newly correlated named stratigraphic unit contacts 

Shaft Stratigraphic Unit Unit Top (ft-MSL) 

Exhaust MB-125 Not Present (Pinched out) 

Waste MB-119 Not Present (Pinched out) 

MB-120 Not Present (Pinched out) 

MB-125 Not Present (Pinched out) 

Salt Handling MB-130 1613.5 

MB-133 Not Present (Pinched out) 

Air Intake MB-106 2335.5 

MB-113 2150.0 

MB-114 2127.0 

MB-125 Not Present (Pinched out) 

Anhydrite a 1287.5 

Ground surface (finished grade) MSL elevations and the survey control were recorded 
and evaluated for reliability. The surveyed ground surface (finished grade) MSL evaluations and 
reference sources are listed in Table 4. 

A.1.3 Clay Associated with Marker Beds 

Ciay layers, when continuous, often form impermeable seams upon which water will 
migrate. When shafts are excavated, seeps or increased moisture content are often observed 
immediately above a clay layer. In some instances, if the clay was buried prior to dewatering, 
the clay layer can yield some water as it dewaters and consolidates after being exposed 
subsequent to shaft construction (Deal et al., 1995). 

Clay was observed in association with a majority of the designated marker beds; it was 
located typically at the marker bed base and ranged from thin clay blebs (small, usually rounded 
inclusions of clay) to thicknesses of 1 ft. Most clay layers fall into a thickness range between 1 
and 6 in. Occurrence of clay related to marker beds has been entered into the shaft SDB. 
Information relating to clay occurrence was secured from the lithologic logs in the following 
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reports: Holt and Powers, 1986; Holt and Powers, 1984; Jarolimek et al., 1983b; Holt and 
Powers, 1990. 

Table 4. Surveyed ground surface (finished grade) MSL evaluations and reference sources 

Shaft Ground Surface Information Source 
(Elevation: ft-MSL) 

Exhaust 3410.0 Contract Drawings - CCP-IF6/1D;/ Drawing 35-R-
004-0lD. Based on USGS Survey Reference. 

Waste 3407.5 Construction Survey; Table 1 WTSD-TME-038 (Holt 
and Powers, 1984) and Waste Shaft 311 General 
Arrangement Plans and Sections: Bechtel Job No. 
12484 Drawing 31-R-013-0ID Revision A 

Salt Handling 3410.5 Surveyed Elevation tied to CWI Benchmark No. CW-
1. DOE-WIPP 86-010 (US DOE, 1986) 

Air Intake 3409.0 Contract Drawings CCP-1F6/1D:/ Drawing 35-R-
004-0lD based on USGS Survey Reference. 

Although benchmark references were not noted for each shaft, each survey referenced a 
USGS Survey Reference . 

A.1.4 Shaft Stratigraphic Data Base 

The stratigraphic unit top and bottom MSL surface elevation, ground surface elevation 
(finished grade), and elevations of selected engineering features were recorded in a spreadsheet
based data base, the SOB. The SOB records the following information for each shaft: 

• Engineering features (top of concrete, base of key, and station level) 

• Ground Surface (finished grade) 

• Stratigraphic unit contact name 

• - Unit top MSL elevation 

•· Unit bottom MSL elevation 

•- Groundwater/brine observance 

• · Clay observance 

... Comments relating to the stratigraphic unit or engineering featme. 

The MSL elevations were rounded to the nearest 0.10 ft. Values from 0.05 to 0.09 were 
rounded up, and values less than 0.05 were rounded down. SOB smnmaries for each shaft are 
provided in Section A4.0 of this appendix. 

A.2 Groundwater I Brine Occurrence 

A.2.1 Regional Groundwater Occurrence Intervals within the Shafts 

A review of the regional geohydrology of the WIPP site and smrounding area identified 
six regional intervals of groundwater occurrence (Beauheim and Holt, 1990). These intervals are 
listed in Table 6. 
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Table 6. Regional Intervals of Groundwater Occurrence 

Stratigraphic Unit Remarks 

Rustler Formation 
Forty-niner Member Aquitard; water producing unit is a claystone interbedded 

with andhydrite and or gypsum units. 
Magenta Dolomite Member Regional aquifer; consists of fine grained gypsiferous 

arenaceous dolomite. 
Tamarisk Member Aquitard; consists of claystone sandwiched between two 

anhydrites. 
Culebra Dolomite Member Regional aquifer; consists of a finely crystalline, locally 

argillaceous and arenaceous, vuggy dolomite. 
Unnamed Lower Member Aquitard; consists of interbedded siltstone, sandstone, 

halite, and anhydrite. Regionally has two water 
producing units; however only one is present at the WIPP 
site. It is characterized by low permeability. 

Rustler/Salado Formation Groundwater seeps at formation contact; general area of 
Contact "brine aquifer" at Nash Draw 

A.2.2 Groundwater I Brine Occurrence in the Salado Formation 

A literature and data search was performed to identify groundwater/brine occurrence 
intervals in the Salado Formation. This search included review of geotechnical shaft reports, 
geotechnical shaft inspection reports, and WIPP site-specific published hydrologic/groundwater 
reports. Groundwater encountered in the Salado Formation appears in the form of seeps and 
weeps (i.e. small volwnes of water oozing from the rock that produce a damp, moist, or wet 
surface). There has been no quantification of fluid flow associated with weeps or seeps. The 
groundwater is salt saturated and is identified in the literature as brine. 

_ The geotechnical reports and associated lithologic logs for the Salt Handling, Waste, and 
Exhaust shafts did not include notations of observed brine seepage intervals within the Salado 
Formation section. The AIS geotechnical report (Holt and Powers, 1990), documenting the 
geologic mapping of the shaft, provided excellent data for identifying brine seepage intervals 
occurring within the Salado Formation section. 

Within the AIS, seventeen intervals (excluding the potential seepage interval at the 
Rustler/Salado interface) are identified as producing brine seepage. The extent of seepage varied 
from the mention of recent weeps to abundant weeps. Two other zones of seepage below the 
repository (MB 139 and MB 140) that intersect shaft sumps in the waste and salt handling shafts 
were identified through personal communications with experimenters at Sandia National 
Laboratories for a total of 19 seepage intervals within the Salado Formation. The intervals 
located above the repository are listed in Table 7. Seepage intervals that did not correspond to a 
previously named lithologic unit were assigned zone designations for the purpose of conveying 
information in this report. -""''• 

There were no notations indicating volume quantities of brine seepage from the identified · ... '' 
seepage intervals. Four of the seventeen intervals observed in the AIS (MB 103, MB 124, Vaca 
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Triste siltstone, and Union Anhydrite) were identified during the AIS mapping as primary brine
producing intervals in the Salado Formation (Holt and Powers, 1990). Quantities of seepage 
observed in the AIS can be placed into perspective by contrasting the Salado Formation seepage 
notations with the recorded water-inflow data from the Rustler Formation aquifers in the Salt 
Handling Shaft. The Rustler Formation aquifers flowed less than a total of 1.5 gallons per minute 
into the shaft prior to liner installation. After liner installation, the inflow rate dropped to less 
than 0.1 gallons per minute (Jarolimek et al., 1983a). The Geotechnical Shaft reports for the 
Exhaust, Waste, and Salt Handling shafts did not indicate intervals of brine seepage deeper than 
the Rustler/Salado Formation interface; however, Saulnier and Avis (1988) conducted pulse 
injection tests using a multipacker tool at the 850 ft and the 1320 ft intervals within the Waste 
Handling Shaft. Within these intervals hydraulic conductivity values for halite, polyhalite, and 
anhydrite were determined. The hydraulic conductivities and associated derived intrinsic 
permeabilities (in parentheses) are recorded as follows: 

• Halite: 1.0E-13 to 3.0E-14 mis (1 x 10·20 m2 to 4 x 10·21 m2
) 

• Polyhalite: 2.0E-14 mis (3 x 10·21 m2
) 

• Anhydrite: 3.0E-14 mis (4 x 10·21 m2
). 

To anticipate that the brine seepage intervals documented in the AIS have lateral extent 
and potentially intersect all four shafts, these intervals were projected through correlation of the 
shaft lithologic logs, from the AIS to the other four shafts, as illustrated in Figure 3. The cross
sections in Figures 4 through 7 illustrate the relationship of the newly designated brine seepage 
intervals (seepage zones) to the identified marker beds. These identified brine seepage intervals 
are recorded in the SDB for each shaft which is presented in Section A4.0 of this appendix. 

Table 7. Brine seepage intervals occurring within the Salado Formation section 

Marker Bed/Zone Unit Top (ft-MSL) Unit Bottom (ft-MSL) 

MB103 2397.0 2380.5 
MB109 2268.5 2243.1 

Vaca Triste 2070.0 2062.0 . 
Zone A 1925.0 1915.5 
MB121 1915.5 1914.0 

Union Anhydrite 1881.0 1873.5 
MB124 1788.0 1779.1 
ZoneB 1736.5 1733.S 
ZoneC 1709.0 1700.0 
ZoneD 1650.S 1640.0 
ZoneE 1640.0 1638.0 
ZoneF 1638.0 1635.0 
ZoneG 1635.0 1633.0 
ZoneH 1633.0 1627.1 
MB129 1627.1 1625.6 
Zone I 1625.0 1619.3 
ZoneJ 1546.9 1542.9 

Note: Zones E through H are identified separately because of variable lithologics within that section of the AIS. 
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Figure 3. Structural Cross-section through excavated shafts, showing correlation of mapped 
brine seepage intervals, top of Salado Formation to total depth. 
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To evaluate current brine seepage conditions. Westinghouse Waste Isolation Division 
staff were contacted in January of 1994 concerning the availability of the shaft geotechnical 
inspection reports for each shaft. Staff members indicated that the reports are available for 
review; however. these inspection reports concentrate on groundwater conditions within the 
Rustler Formation (Lower Seal System) and that the reports do not denote brine seepage intervals 
in the Salado Formation (Salado Salt Column). During trips in and out of the shafts. some damp 
clay seams within the Salado Formation have been observed (conversation with Westinghouse 
engineering staff; January 1994). These intervals have not been logged in the shaft inspection 
reports. Westinghouse staff mentioned that the best records of brine seepage intervals in the 
Salado Formation are the lithologic logs that were assembled during the lithologic mapping of 
each shaft (Jarolimek et al .• 1983b; Holt and Powers. 1984; Holt and Powers, 1990; Holt and 
Powers, 1986). These reports were obtained and used to assemble the SDB. Copies of the shaft 
inspection records were not requested because they do not note the brine seepage intervals in the 
Salado Formation penetrated by the shafts. 

Subsequent to contacting Westinghouse Waste Isolation Division staff concerning 
availability of recent geotechnical inspection reports. an inspection- which emphasized 
observance of brine seepage and associated salt encrustations-was performed in the AIS (Deal 
et al .• 1995). This inspection was conducted during July 1994 as part of the Brine Sampling and 
Evaluation Program (BSEP). As reported in Deal et al. (1995), the AIS observations were made 
from the shaft man cage which moves vertically approximately 9 feet from the shaft wall. The 
Salado section was initially observed on the way down to the repository level. A more detailed 
inspection was conducted during the ascent. On the ascent salt encrustations. indicating seepage 
when moist or previous seepage when dry, were marked according to their location on the 
lithologic log developed during shaft mapping (Holt and Powers, 1990). Seventy-three salt 
encrustations were logged during the observation. The encrustations observed were related to 
rock bolts. thin localized argillaceous (clayey) intervals and previously identified seepage 
intervals. Pictures taken of significant salt encrustations during the observations indicate that 
seepage associated with the encrustations was primarily localized (i.e. point source) with the 
exception being encrustations located in zones that were originally mapped as producing brine. 
MB- 103 was the only encrustation interval that was observed to be wet indicating active brine 
seepage. From the man cage it was not possible to determine if there was moisture present 
beneath encrustations observed to be dry at the exposed surface. Most of the sulfate beds 
(anhydrite and polyhalite) and especially the polyhalite units showed no weeps or encrustations 
(Deal et al., 1995). 

Observations were also conducted in the Waste and Salt Handling shafts (Deal et al., 
1995). In these shafts the Salado section above the shaft sump was obscured primarily by grout 
spillage from shaft key and liner installation. Observations in the sump of the Waste and Salt 
Handling Shafts did not show moisture at the surface or in the open fractures of Marker Bed 139 
(Deal et al., 1995). 

A.2.3 Typical Rustler and Salado Fonnation Hydraulic Conductivity/Transmissivlty 
Values 

The literature was searched for hydraulic conductivity values associated with different 
lithologies encountered within the Salado Formation (Salado Salt Column Interval), as well as 
transmissivity data for water bearing units of the Rustler Formation. Such values will assist in 
relating the documented occurrences of brine seepage to potential fluid (brine) inflow to the 
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Salado Formation Subsystem. The hydraulic conductivity data for various lithologies 
encountered within the Salado Formation, and the transmissivity data for water bearing units 
encountered in the Rustler Formation (Forty-niner Member, Magenta Dolomite Member, 
Tamarisk Member, Culebra Dolomite Member, and the unnamed lower member), are profiled in 
Table 8. 

Table 8. Typical Rustler and Salado Formation hydraulic conductivity/transmissivity values 

Stratigraphic lithology 
Unit 

Hydraulic 
Conductivity 

(m/day) 

Transmissivity 
(m2/day) 

Relevant Reports/ 
Comments 

. ,:;F~·········•·•·=r: .• ·.·.·.·.··.·:.!.:.:.!c.:,.;·ta··•.c.Y.t.~. *··e········ : '/·•·· .·.····>) ·········~.:~::·~\ : : ~~~?,,-~~?(Be~uheim.1987) !\:;:::.·· 
Magenta Doi- dolomite 9.23E-03 or less SAND90-2035J (Beauheim and Holt, 
omite Member up to 9 .29E-02 1990) 

Tamarisk·. ? claysione 
:::\, ....•... ·MeJnber:::•···;:·• .. 

Culebra Dol
omite Member 

dolomite 

/ 929E;.;os:or:le5s . . SAND90.;.2035J (Beauheim:andHolt; 
. ·"" .· ::··••·::::·:"·:·.:: :.}": .:: :·.::::•: <::::1990) .. " . 

SAND90-2035J (Beauheim and Holt, 
1990) 

}/. ·•··.•:·:·.· ... : :L \\ li&lite·... ;::• U:sstbmi: · .. ,. :L:- ... /. '• :·:<.:(SANJJ9o;;203SI(BcaUbcim::IJidHolt.:: 
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Table 3-2 Waste Shaft 
l .73E-09 SAND88-700 I (Saulnier and Avis, 1988) 
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•Note: Salado brines which flow into the WIPP Facility are not derived from fluid inclusions, but instead are grain boundary 
fluids with residence times of at least several million years (Stein and K.rumhansl, 1986). 

•Note: Permeability increases around the facility within S to 10 ft because oftiacturing and possible matrix dilation 
· (Beaubeim and Holt, 1990). · • ,, · 
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WIPP Sealing System Design Report 

A.3 Shaft Survey Data 

A.3.1 Original Survey Coordinates and Surface Elevations 

Westinghouse staff were contacted concerning the availability of the original survey plats 
that show the coordinates and the surface elevation of each shaft location prior to shaft 
construction. The original survey plats are not available; however, the shaft coordinates and 
surface elevations are recorded on the as-builts for each shaft. A comparison was made between 
the ground surface (finished grade) elevations secured from the Bechtel and Westinghouse as
built drawings for each shaft and those recorded in the SDB. Results of the comparison are 
presented in Table 9. 

Table 9. Comparison between ground surface (finished grade) elevations secured from Bechtel 
and Westinghouse as-built drawings and those recorded in the SDB 

Shaft Ground Surface Surface Elevation Difference In 
Elevation (Finished Bechtel/Westinghouse Elevation Data 

Grade) SDB As-Built (SDB less As-Built) 
(ft-MSL) (ft-MSL) (ft) 

Air Intake 3409.0 3409.0 0.0 

Exhaust 3410.0 3409.9 0.1 

Salt Handling 3410.S 3411.0 -0.S 

Waste 3407.S 3407.S 0.0 

The comparison of surface elevation data illustrates relative consistency between (1) 
surface elevations reported in geotechnical reports and working drawings, and (2) the data. 
recorded on the Bechtel/Westinghouse as-built drawings for each shaft. The two minor 
discrepancies noted are in the Exhaust Shaft and the Salt Handling Shaft, which reflected 
differences of 0.1 ft and 0.5 ft respectively. 

A.3.2 _ Review of Shaft As-Built Drawings to Determine a Consistent Surveyed Datum 

Current shaft as-built drawings were secured from Westinghouse. These drawings were 
reviewed to determine a consistent surveyed datum, based on MSL, for reference when 
computing below-surface depths of named stratigraphic unit contacts and other relevant intervals 
of engineering design interest. The shaft as-built drawings for each of the shafts utilized a 
surveyed reference datum elevation of 3409.0 ft MSL based on the 1927 USGS North American 
Datum. For computing below-surface depths in the shafts, the reference datum of 3409.0 ft MSL 
is equated to a reference level 0'-0" (i.e., reference level 0'-0" = 3409.0 ft-MSL based on the 
USGS North American Datum). Elevations of selected features and/or objects within each shaft, 
and the reference drawings used to determine these elevations, are incorporated into the SDB 
(Attachment 1 ). The as-built drawings reviewed for each shaft and general survey information 
are marked "Info Only" and are current to February 18, 1994. The survey information and shaft 
as-built drawings reviewed are outlined in Tables 10 through 14. 
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Table 10. Site Work/Site development overall plans 

Drawing Number Title 

24-C-053-005 Rev. B Sheet 1/2 and 212 Site Work, Site Development Overall Plan. 
(Inactivated per EC0#5667) 

24-C-060-005 Rev. A Sheet 1/2 and 212 Site Work- Rough Grading Plan. 
(Inactivated per EC0#5567) 

24-C-075-005 Rev. B. Sheet 1/2 and 212 Site Work- Rough Grading Plan and Sections. 
(Inactivated per EC0#5567) 

24-C-078-005 Rev. B Sheet 112 and 212 Site Work- Rough Grading Sections. 

21-C-Ol 1-SF9 Rev. 10 Base Line Monuments Plans & Sections. 

21-V-002-WRev. B WIPP Site Surveys and Subsidence 
Monuments. 

21-C-0012-SF9 Rev. 6 Subsidence Monuments Plans and Details. 

Table 11. Air Intake Shaft as-builts reviewed 

Drawing Number Title 

33-R-001-34A Rev. 4 Air Intake Shaft 331 
General Arrangement Plans and Sections. 

33-D-002-W Air Intake Shaft 331 
Shaft Collar/ Air Intake Platform Plan, Sections 
and Details (new). 

33-C-001-W Air Intake Shaft 331 
Shaft Collar/ Air Intake Platform Plan, Sections 
and Details (new). 

33:c-004-Wl and W2 Air Intake Shaft 331 
Shaft Key Plan, Sections and 
Details (new). 

33-D-008-W Air Intake Shaft 331 
General Arrangement (new). 

51-W-212-W Air Intake Shaft 331 
Shaft Station Plans, Sections and Details. 
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WIPP Sealing System Design Report 

Table 12. Salt Handling (Exploratory Shaft) as-builts reviewed 

Drawing Number Title 

37-R-010 Rev. A Key and Shaft Station Location Section: 

37-R-023 Rev. A General Arrangement at Surface Plan and 
Section. 

37-R-012 Rev. A Key Sections and Details. 

24-C-202-0SA Rev. A C&SH Shaft Collar Modification Plan 
Sections & Details. 

24-C-202-lFc-4 Rev. G p.7 C&SH Shaft Collar Area. C&SH Shaft 
Collar Modification Plan Section & Details. 

37-R-019 Rev. A Station Develop. - Experimental Level Plan 
and Sections. 

37-R-010 Rev. A Key and Shaft Station Location Section. 

Table 13. Waste Shaft as-builts reviewed 

Drawing Number Title 

31-R-001-0lD Rev. B Waste Shaft 311 Shaft Development 
Sections. 

31-R-002-0lD Rev. A Waste Shaft 311 Shaft Lining and Key 
Section and Details. 

31-R-013-0lD Rev. B Waste Shaft 311 General Arrangement Plans 
and Sections. 

A-0001 As-Built for Waste Shaft Collar. 

Table 14. Exhaust Shaft as-builts reviewed 

Drawing Number Title 

S-020 Exhaust Shaft with Collar Layout. 
S-024 Detail Exhaust Shaft Layout. 
35-R-004-010 Rev. B Exhaust Shaft 351 General Arrangement 

Plans and Sections. 
35-R-002-010 Rev A. Exhaust Shaft 351 Shaft Living and Key 

Section and Details. 
35-R-004-010 Rev. A Exhaust Shaft 351 General Arrangement 

Plans and Sections. 
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A.3.3 Designation of Surface Reference Point 

A physical surface reference point needs to be designated for the shafts to facilitate 
completion of the sealing system design drawings and final seal emplacement. It was 
recommended that the designated surface reference point elevation chosen for the shaft seal 
design drawings be the ''top of concrete" for each shaft. ''Top of concrete" is defined as the top of 
the collar for the Waste and Exhaust shafts, and the top of the existing shaft for the Salt Handling 
Shaft. "Top of concrete" forthe AIS is defined as the top of the plenum. Table 15 identifies the 
designated surface reference, surface reference elevation (ft-MSL), and the distance above or 
below the current WIPP reference level O' -0" (3409.0 ft MSL). 

Table 15. Designated surface reference, surface reference elevation (ft-MSL), and distance 
above or below current WIPP reference level 0'-0" (3409.0 ft MSL). 

Designated Surface Distance (ft) Above or 

0'-0" Designated Reference Elevation Below Current WIPP 

Surface Reference (ft-MSL) Reference Level 0'-0" 
Shaft (3409.0 ft-MSL) 

AIS Top of Plenum 3410.0 1.0 Above 

Waste Top of Pad 34uo.5 0.5 Below 

Exhaust Top of Collar 3411.5 2.5 Above 

Salt Handling Top of Existing Shaft 3411.5 2.5 Above 

Designating the surface references as outlined in Table 15 will: 

1. allow shaft seal designs to be developed with depth measurements measured from a 
consistent reference point that is specific to each shaft, 

2. provide an easily identifiable reference that should still [: _- in existence at the time the 
shafts are sealed, and 

_ 3. avoid the confusion created during shaft sealing operations that can arise from taking 
measurements from a reference level that is not tied to a physical shaft object. 

To avoid futme confusion when comparing existing shaft as-builts and final shaft seal design 
drawings, the seal design drawing notes should clearly identify the designated surface reference 
point and its relationship to the WIPP Standard Reference Level O' -0" at 3409.0 ft-MSL. 

A.3.4 Comparison of Stratigraphic Data Base and As-Built Elevations 

Information from the SDB and the shaft as-built drawings were compared to determine 
discrepancies that may exist between the geologic data secured from the lithologic logs and the 
geologic data recorded on the shaft as-built drawings. 

Elevation comparisons were made for select shaft and geologic features that were 
identified in both data sources. Features compared are specifically outlined for each shaft in 
Sections 3.4.1through3.4.4 and their associated tables. 

In genera4 elevations were compared for the following geologic/shaft features: 

• · Ground surface (finished grade) 
• - Mescalero caliche 
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• Gatuila Formation 

• Magenta Dolomite Member 

• Culebra Dolomite Member 

• Salado Formation 

• Base of Key 

• Shaft Station level. 

If the feature and associated MSL elevation were identified in both data sources, the feature will 
be included in the comparison table for that specific shaft. Comparisons of elevations from both 
data sources showed differences varying from a minimum ofO.O ft to a maximum of9.0 ft as 
outlined in the following sections. The major discrepancies between the two data sources are 
found in the comparisons of the AIS and the Salt Handling Shaft. None of the data discrepancies 
in any single shaft was consistent enough to suggest that application of a single correction factor 
to either data set would reconcile the data. 

Identifying lithologic contacts, especially when the contacts are gradational, can be a 
highly interpretive process. The difference in elevation values between the data sets 
(approximately ft or less) indicates a general consensus about the locations of the geologic 
features/objects relative to MSL. The as-built drawings should reflect the lithologic contacts 
mapped after the construction of each shaft. These differences in elevation indicate that some of 
the as-built lithologic contact elevations may have been transferred from preconstruction shaft 
design drawings to the final as-built drawings. 

A.3.4.1 Air Intake Shaft 

Ground surface (:finished grade) elevations are consistent between the two data sources. 
The as-built elevations for the Magenta Dolomite Member, Salado Formation, and the base of the 
Shaft Key are consistent to within 0.3 ft relative to elevations secured from the shaft lithologic 
log. The Culebra Dolomite Member elevation recorded on the as-builts is 9.0 ft low relative to 
elevations secured from the shaft lithologic log. Conversation with Westinghouse staff revealed 
that the elevation for the as-built elevation for the Culebra Dolomite member should reference 
the elevation recorded in Holt & Powers (1990). By referencing this report and placing the unit 
in its proper scaled position on the drawing this discrepancy is eliminated. Table 16 compares 
the AIS lithologic log to the as-built elevations. 

Table 16. Air Intake Shaft lithologic log versus as-built elevations 

Geologic Litbologic Log As-built Difference in Elevation: 
Feature/Object Elevation Elevation Utbologic Log less As-

(ft-MSL) (ft-MSL) built (ft MSL) 

Ground surface (finished grade) 3409.0 3409.0 0.0 
Magenta Dolomite Member 2817.6 2817.6 0.0 

Culebra Dolomite Member 2705.0 2696.0 9.0 

Salado Formation 2569.3 2569.0 0.3 

BaseofKey 2513.0 2513.0 0.0 
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A.4.4.2 Exhaust Shaft 

The ground surface (finished grade) elevation and the elevations of the Magenta 
Dolomite Member and Culebra Dolomite Member are consistent to within 0.1 ft. The Mescalero 
Caliche and the Gatuiia Member elevations differ by 2.5 ft and 2.0 ft respectively. Table 17 
compares the Exhaust Shaft lithologic log to the as-built elevations. 

Table 17. Exhaust Shaft lithologic log versus as-built elevations 

Geologic Feature/Object Utbologic As-built Difference in 
Log Elevation Elevation Elevation: 

(ft-MSL) (ft-MSL) Utbologic Log less 
As-built (ft-MSL) 

Ground surface (finished grade) 3410.0 3409.9 0.1 
Mescalero Caliche 3401.5 3399.0 2.5 
Gatuii.a Formation 3391.9 3389.9 2.0 
Magenta Dolomite Member 2806.4 2806.5 -0.1 
Culebra Dolomite Member 2695.4 2695.5 -0.l 
Salado Formation 2558.5 2558.5 0.0 

A.3.4.3 Waste Shaft 

The ground surface (finished grade) elevation and the elevations of the Magenta 
Dolomite Member and the Culebra Dolomite Member are consistent. Elevations for the Salado 
Formation and the Shaft Station Level differ by 0.3 ft and 2.0 ft respectively. Table 18 compares 
the Waste Shaft lithologic log to the as-built elevations. 

Table 18. Waste Shaft lithologic log veisus as-built elevations 

Geologic Feature/Object Utbologic As-built Difference in 
Log Elevation Elevation Elevation: 

(ft-MSL) (ft-MSL) Utbologic Log 
less As-built (ft 

MSL) 

Ground surface (finished grade) 3407.5 3407.5 0.0 
Magenta Dolomite Member 2813.0 2813.0 0.0 
Culebra Dolomite Member 2702.5 2702.5 0.0 
Salado Formation 2565.3 2565.0 0.3 
Shaft Station Level 1247.0 1249.0 -2.0 

A.3A.4 Salt Handling Shaft 

Ground surface (finished grade) elevations are consistent to within 6 in. The Magenta 
Dolomite Member, Culebra Dolomite Member, and the Salado Formation elevations vary from 2 
to 8 ft. Discrepancies in data result from recording as-built lithologic data from borehole ERDA-
9 (see note on drawing 37-R-010, Rev. 7), which is an offset to the shaft. Table 19 compares the 
Salt Handling Shaft lithologic log to the as-built elevations. 

20Oct1995 A-22 OOE/WIPP-95-3117 



WIPP Sealing System Design Report 

Table 19. Salt Handling Shaft lithologic log versus as-built elevations 

Geologic Feature/Object Litbologic As-built Difference in 
Log Elevation Elevation Elevation: 

(ft-MSL) (ft-MSL) Litbologic Log less 
As-built (ft MSL) 

Ground surface (finished grade) 3410.5 3411.0 -0.5 
Magenta Dolomite Member 2808.0 2816.0 -8.0 

Culebra Dolomite Member 2711.0 2705.0 6.0 

Salado Formation 2560.0 2558.0 2.0 

A.4 Stratigraphic Database 

The Stratigraphic database presents geologic and hydrogeologic information for each 
individual shaft along with select engineering features (i.e., top of concrete, base of key, and 
station level). Specifically, information recorded for each shaft includes: 

• Engineering features (top of concrete, base of key, and station level) 

• Ground Surface (finished grade) 

• Stratigraphic unit contact name 

• Unit top and bottom MSL elevation 

• Groundwater/brine observance 

• Clay observance 

• Comments relating to stratigraphic unit or engineering features. 
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A.4.1 Air Intake Shaft Stratigraphic Database 

Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

Top of Concrete 3410.0 Bechtel Drawing 33-R-001-34A Rev. 4, 
Air Intake Shaft 331 General 
Arrangement Plans and Sections and 33-
R-012-34A Rev. 5, Air Intake Shaft 331 
Shaft Development 16'-0" Diameter Shaft 
Sections 

Ground Surface 3409.0 Ground surface (finished grade): 3409.00 
(SURF) /Finished ft msl based on USGS survey Marker, 
Grade Shaft Development Drawing# 33R-012-

34A. Stratigraphic contacts are from 
lithologic log; DOE-WIPP-90-051 

Quaternary Sd. 3409.0 Not 
(QSD) mapped 

Mescalero Caliche Not Not 
(MES) mapped mapped 

Gatuna Fm. (GAT) 3387.5 3378.5 

Santa Rosa Fm. 3378.5 3353.1 
(SR) 

Dewey LkRb. 3353.1 2878.7 Top contact is an erosional surface 
(DLR) 

Rustler Fm. (RUS) 2878.7 2569.3 

49-er mbr ( 49R) 2878.7 2817.6 x Groundwater, regional aquitard; at some 
locations a thin claystone has a 
transmissivity comparable to the 
Magenta. SAND90-2035J 

Magenta D. mbr 2817.6 2792.0 x Groundwater, regional; SAND90-2035J 
(MAG) & DOE-WIPP 90-051 

Tamarisk mbr 2792.0 2705.0 x Groundwater, regional aquitard; 
(TAM) SAND90-2035J 

Culebra D. mbr 2705.0 2681.1 x Groundwater, regional; SAND90-2035J 
(CUL) & DOE-WIPP 90-051 

Unnamed L. mbr 2681.1 2569.3 x Groundwater, regional aquitard (siltstone 
(ULM) unit at H-16); SAND90-2035J 

Salado Fm. (SAL) 2569.3 Did not x Regional potential for Groundwater 
penetrate (brine) occurrence at the Rustler /Salado 

Fm. contact; SAND90-2035J. No 
Groundwater at Fm. contact noted on 
lithologic log. Shaft did not penetrate 
base of unit. 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

Key (See 2513.0 Elevation 2513.0 ft.-msl from 
Comments) Westinghouse Isolation Division (WID) 

Drawing 33-C-004-Wl, Air Intake Shaft 
331 Shaft Key Plan, Sections and Details. 
This elevation is seven (7) feet higher 
than the base of Key concrete reported on 
the AIS lithologic log . 

MB 100 • • Not marked on log 

MB 101 2450.5 2447.1 

MB 102 2409.1 2408.0 

MB 103 2397.0 2380.5 x Brine; Weeps - moist surface in lower 
4ft; DOE-WIPP-90-051; Anhydridic 
dolomite overlying claystone where 
weeps occur. 

MB 104 2373.5 2372.5 

MB 105 2356.6 2355.5 

MB 106 2335.5 2335.0 Correlated with exploration shaft. 

MB 107 2301.0 2300.5 

MB 108 2291.1 2290.5 

MB 109 2268.5 2243.1 x Brine; Weeps: OOE-WIPP-90-051, weep 
symbol on log with no weep description. 
Weeps occur in mudstone with anhydrite 
nodules. 

MB 110 2203.1 2202.0 

MB Ill 2194.5 2193.9 

MB 112 2176.4 2174.4 x Thin laminae. 

MB 113 2150.0 2149.0 Correlated with exploration shaft. 

MB 114 2127.0 2126.0 Correlated with exploration shaft. 

MB 115 2091.5 2088.0 

MB 116 2078.5 2076.0 

Vaca Triste (VACA 2070.0 2062.0 x Brine; OOE-WIPP-90-051. Composed of 
TR) halitic siltstone and mudstone. 

MB 117 2001.0 1999.5 

MB 118 1977.6 1975.0 

MB 119 1950.4 1948.4 

MB 120 1929.9 1929.0 x Thin clay layers/blebs. 

Zone A 1925.0 1915.5 x Brine; Some weeps, halite with a trace of 
polyhalite: DOE-WIPP-90-051 - AIS log 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

MB 121 1915.5 1914.0 x x Brine; Weeps: DOE-WIPP-90-051 - AIS 
log. Weep symbol on log near base of 
unit (polyhalite) - no description. 2-3" 
clay at base. 

MB 122 1907.9 1906.9 

UnionAhh. 1881.0 1873.5 x Brine; Unit as a whole bears fluid. Weeps 
parallel to strata are very common around 
zones with elastic halite. Weeps occur 
also around fractures and contacts. DOE-
WIPP-90-051 - AIS log 

MB 123 1801.5 1795.0 

MB 124 1788.0 1779.1 x Brine; Recent weeps parallel to fractures 
and bedding planes in anhydrite: DOE-
WIPP-90-051 - AIS log 

ZoneB 1736.5 1733.5 x Brine; Abundant weeps, halite 
argillaceous to trace clay: DOE-WIPP-
90-051 - AIS log 

ZoneC 1709.0 1700.0 x Brine; Modest amount of weeps, halite, 
trace clay and polyhalite: DOE-WIPP-90-
051 -AIS log 

MB 125 Absent Absent Section absent (Pinched out). 

MB 126 1690.6 1689.S 

MB 127 1664.6 1662.0 x "Thin clay layerslblebs in upper 1 ft. 

MB 128 1654.0 1650.S x Thin clay layers at base. 

ZoneD 1650.5 1640.0 x Brine; Weeps in lower most part, 
interbedded polyhalite and argillaceous 
halite: DOE-WIPP-90-051 - AIS log 

ZoneE 1640.0 1638.0 x Brine: Weeps in pits, argillaceous halite: 
DOE-WIPP-90-051 - AIS log 

Zonef 1638.0 1635.0 x Brine; Moderate weeps in unit, halite 
with trace polyhalite and clay: DOE-
WIPP-90-051 - AIS log 

ZoneG 1635.0 1633.0 x x Brine; Abundant weeps from pits, 
argillaceous halite and halitic claystone: 
DOE-WIPP-90-051 - AIS log 

ZoneH 1633.0 1627.1 x Brine; Moderate weeps, halite and 
polyhalite: DOE-WIPP-90-051 - AIS log 

MB 129 1627.1 1625.6 x Brine; Abundant weeps: DOE-WIPP-90-
051 -AIS log 

Zone I 1625.0 1619.3 x x Brine; Weeps, halite with polyhalite and 
claystone interbeds: OOE-WIPP-90-051 -
AISlog 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

MB 130 1617.2 1615.1 x Thin clay layers/blebs at base. 

MB 131 1547.9 1546.9 

ZoneJ 1546.9 1542.9 x Brine; Abundant weeps, halite trace to 
some clay and polyhalite: DOE-WIPP-
90-051 - AIS log 

MB 132 1516.0 1515.0 

MB 133 1497.1 1495.6 

MB 134 1454.0 1441.9 

MB 135 1426.0 1425.0 

MB 136 1387.2 1373.1 

MB 137 1356.3 1355.0 

MB 138 1311.1 1310.6 

Anhydrite "a" 1287.5 1286.S 
(ANH "a") 

Anhydrite "b" Not Not 
(ANH "b") mapped mapped 

Brow 1279.5 Excavated brow at facility level. MB-139 
thru 142 were not penetrated by the shaft. 

Station Level 1259.0 Westinghouse Isolation Division (WID) 
DWG. 33-D-008-W Air Intake Shaft 331 
General Arrangement and WID DWG. 
51-W-212-W Air Intake Shaft Station 
Plans, Sections and Details. Station 
level not on lithologic log. 

MB-139 thru 142 were not penetrated by 
the Air Intake Shaft. 
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A.4.2 Exhaust Shaft Stratigraphic Database 

Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

Top of Concrete 3411.5 Bechtel Drawing 35-R-001-0ID Rev. B, 
Exhaust Shaft 351 Development Plan 
Sections and Detail 

Ground Surface 3410.0 Ground Surface (finished grade) 3410 ft. 
(SURF) /Finished MSL. Based on survey-USGS 1927 
Grade North American datum. 

Contract Drawings-CCPlFb/ID, 
Underground Experimental Areas/Waste 
Shaft and Exhaust Shaft. Drawing 35-R-
004-010. Stratigraphic contacts from 
lithologic log; DOE-WIPP-86-008. 

Quaternary Sd 3410.0 3401.5 
(QSD) 

Mescalero Caliche 3401.5 3391.9 
(MES) 

Gatuna Fm. (GA T) 3391.9 3375.0 

Santa Rosa Fm. (SR) 3375.0 3355.4 

Dewey Lk. Rb. 3355.4 2862.5 x Top contact is an erosional surface. 
(DLR) Occasional thin clay layers ( <6" thick) 

Rustler FM. (RUS) 2862.5 2558.5 

49-er mbr ( 49R) 2862.5 2806.4 x Groundwater, regional aquitard; at some 
locations a thin claystone has a 
transmissivity comparable to the 
Magenta.SAND90-2035J 

Magentambr 2806.4 2782.0 x Groundwater, regional; Sand90-2035J; 
(MAG) DOE-WIPP-86-008 

Tamarisk mbr 2782.0 2695.4 x x Groundwater, regional aquitard; 
(TAM) SAND90-2035J. Occasional thin clay 

layers< 6" thick. 

Culebra D mbr 2695.4 2673.0 x Groundwater, regional; SAND90-2035J; 
(CUL) DOE-WIPP-86-008 

Unnamed L mbr 2673.0 2558.5 x x Groundwater, regional aquitard (siltstone 
(ULM) unit at H-16); SAND90-2035J. 

Occasional thin clay layers ( < 6" thick) 

Salado Fm. (SAL) 2558.5 Did not x Regional potential for Groundwater 
penetrate (brine) occurrence at the Rustler /Salado 

Fm. contact; SAND90-2035J. No 
Groundwater at Fm. contact noted on 
lithologic log. Shaft did not penetrate 
base of unit. 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

Key(See 2502.0 Elevation 2502 ft.-msl (level 907.00) 
Comments) calculated from Bechtel Drawing 35-R-

002-0 l D Rev. A, and Exhaust Shaft 3 51 
Shaft Lining and Key Section and Detail. 

MB 100 * * Not marked on log 

MB 101 2436.5 2433.5 

MB 102 2394.8 2393.6 x Clay near base (3" thick) 

MB 103 2382.0 2367.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 104 2359.0 2358.7 

MB 105 2342.9 2341.8 x Clay at base 

MB 106 2322.5 2321.8 x Clay at base (l" thick) 

MB 107 2289.0 2288.5 

MB 108 2279.7 2277.5 x Clay at base (2" thick) 

MB 109 2256.0 2230.5 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 110 2191.8 2189.6 x Clay at base 

MB 111 2181.8 2181.4 

MB 112 2164.2 2161.9 x Clay at base (1" - 2.5" thick) 

MB 113 2137.8 2136.4 x Clay at base (2" thick) 

MB 114 2114.6 2113.8 

MB 115 2078.9 2075.5 x Clay at base (l" thick) 

MB 116 2066.3 2064.0 x Clay at base (l" thick) 

Vaca Triste (VACA 2055.3 2051.0 Potential brine seepage interval-inferred 
TR) from AIS brine seepage conditions 

MB 117 1988.6 1987.3 

MB 118 1965.0 1962.7 x Clay (1" - 2" thick) 

MB 119 1938.9 1937.0 

MB 120 1919.0 1918.3 

Zone A 1913.5 1905.6 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 121 1913.5 1905.6 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 122 1898.5 1897.0 

Union Anhydrite 1872.0 1866.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 123 1793.0 1786.0 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

MB 124 1779.3 1770.0 x Potential brine seepage interval- inferred 
from AIS brine seepage conditions. Clay 
(1" - 2" thick) 

ZoneB 1727.8 1724.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

ZoneC 1700.3 1690.8 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 125 Absent Absent Section absent (Pinched out). 

MB 126 1682.0 1681.5 

MB 127 1657.5 1655.3 

MB 128 1646.0 1644.3 

ZoneD 1634.8 1633.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

ZoneE 1633.0 1631.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

Zonef 1631.0 1628.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

ZoneG 1628.3 1626.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

ZoneH 1626.3 1620.8 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 129 1620.8 1619.0 x Potential brine seepage interval- inferred 
from AIS seepage conditions. Clay at 
base (1/4" thick) 

Zone I 1619.0 1614.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 130 1609.0 1608.3 x Clay at base (1" thick) 

MB 131 1541.5 1540.3 

ZoneJ 1540.3 1536.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 132 1510.2 1509.4 

MB 133 1491.9 1488.6 

MB 134 1446.5 1434.7 

MB 135 1419.0 1418.2 

MB 136 1374.3 1363.4 

MB 137 1349.8 1348.9 

MB 138 1302.6 1302.1 

Anhydrite "a" (ANH 1279.6 1278.9 
"a") 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

Anhydrite "b" (ANH 1272.1 1271.8 
"b") 

Station Level 1262.5 1252.0 Elevation 1252.00 ft-msl calculated from 
Bechtel drawings (level 2157.00 ft) 
Approximate-Bechtel Drawing 35-R-
001-0lD Rev. B, Exhaust Shaft 351 
Development Plan Sections & Detail. 

MB-139 thru 142 were not penetrated by 
the exhaust shaft. 

)I: 

11111 

• 
II 
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A.4.3 Salt Handling Shaft Stratigraphic Database 

Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering Feature Feature Brine Obs. 

Feature Top Bottom Obs. ·-

I 
,,-•1ti1. 

. ..,.,i' 

f 
(ft-msl) (ft-msl) 

Top of Concrete 3411.5 Bechtel Drawing 37-R-010 Rev. A, 
Exploratory Shaft Key and Shaft Station I 
Location Section (Top of Existing Shaft) 

Ground Surface 3410.5 Ground surface (finished grade) elevation 
(SURF)/Finished is tied to CWI benchmark No. CW-1 

l 
Grade outside the exploratory shaft at an 

elevation of3410.080 ft MSL; DOE-
WIPP 86-010. Stratigraphic contacts are 

I 
from lithologic log; TME 3178. 

Quaternary Sd 3410.5 3399.0 Stratigraphic units behind casing were f 
(QSD) not mapped. Mapping started in the basal 

portion of the Santa Rosa Fm .. Unit tops 
behind casing are secured from gamma 
ray log interpretation and the Bechtel 
drill log. DOE- WIPP-86-010. 

Mescalero Caliche 3399.0 3394.5 
(MES) 

Gatuna Fm. (GAn 3394.5 3374.0 '• ( 
Santa Rosa Fm. 3374.0 3319.0 
(SR) 

Dewey Lk. Rb. 3319.0 2868.0 Top contact is an erosional surface. 
(DLR) Contact secured through gamma ray log 

interpretation. 

Rustler Fm. (RUS) 2868.0 2560.0 Total inflow from rustler aquifers was 
less than 1.5 gallons per minute prior to 
liner installation. Subsequent to liner 
installation inflow rate dropped to less 
than 0.1 gallon per minute. TME 3178 

49-er mbr (49R) 2868.0 2808.0 x Groundwater, regional aquitard; at some 
locations a thin claystone has a 
transmissivity comparable to the 
~enta.SAND90-203SJ 

Magentambr 2808.0 2789.0 x Groundwater, regional; SAND90-2035J I 
(MAG) 

Tamarisk mbr 2789.0 2711.0 x Groundwater, regional aquitard; 
(TAM) SAND90-2035J I 
Culebra D mbr 2711.0 2694.0 x Groundwater, regional; SAND90-2035J 
(CUL) I 
Unnamed L mbr 2694.0 2560.0 x Groundwater, regional aquitard (siltstone 
(ULM) unit at H-16); SAND90-2035J 
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Stratigraphic 
Unit/Engineering 

Feature 

Salado Fm. (SAL) 

. 
Key (See 
Comments) 

MB 100 

MB 101 

MB 102 

MB 103 

MB 104 

MB 105 

MB 106 

MB 107 

MB 108 

MB 109 

MB 110 

MB 111 

MB 112 

MB113 

MB 114 

MB 115 

MB 116 

Vaca Triste (VACA 
TR.) 

MB 117 

MB 118 

MB 119 

MB 120 

20Oct1995 

Unit/ 
Feature 

Top 
(ft-msl) 

2560.0 

2488.0 

2439.1 

2400.0 

2386.4 

2364.6 

2348.2 

2328.7 

2294.0 

2284.8 

2263.5 

2205.4 

2189.1 

2171.6 

2144.4 

2120.7 

2084.5 

2073.5 

2061.8 

1994.2 

1965.5 

1945.1 

1925.5 

WIPP' Sealing System Design Report 

Unit/ Water/ Clay Comments 
Feature Brine Obs. 
Bottom Obs. 
(ft-msl) 

• x Regional potential for Groundwater 
(brine) occurrence at the Rustler /Salado 
Fm. contact; SAND90-203SJ. 
Groundwater seeps at Fm. contact noted 
on lithologic log; TME-3178. Shaft did 
not penetrate base of unit . 

2529.0 Elevation 2529.00 ft.-msl calculated from 
level 880.00 ft. Bechtel Drawing 37-R-
012 Rev. A, Exploratory Shaft Key 
Sections and Details 

• Top from stratigraphic survey; WTSD-
TME-3179 

2435.1 

2398.7 x Clay at base 

2372.6 x Potential brine seepage interval-inferred 
from AIS brine seepage conditions. Clay 
at base. 

2363.9 

2347.8 x Clay at base 

2327.3 x Clay at base 

2293.3 x Clay at base 

2283.9 x Clay at base 

2237.0 x Potential brine seepage interval-inferred 
from AIS brine seepage conditions. 
Interbedded Clay 

2204.3 x Clay at base 

2188.2 

2168.9 x Clay at base 

2142.6 x Clay at base 

2120.0 

2081.8 x Clay at base 

2071.0 x Clay at base 

2060.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1993.3 x Clay at base 

1963.0 

1943.3 x 

1924.4 x Clay at base 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 

Unit/Engineering Feature Feature Brine Obs. 
I' 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) ... ~' 1. 

Zone A 1923.0 1913.8 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 121 1913.7 1911.S x Potential brine seepage interval-inferred I 
from AIS brine seepage conditions. Clay 
at base. 

MB 122 1903.7 1902.4 I 
Union Anhydrite 1874.5 1870.5 Potential brine seepage interval-inferred 

from AIS brine seepage conditions 

MB 123 1791.8 1789.6 
I 

MB 124 1783.8 1776.4 x Potential brine seepage interval-inferred 
from AIS brine seepage conditions. Clay 1: 
at base. 

ZoneB 1732.5 1729.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions I 

ZoneC 1705.0 1696.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

MB 125 1724.6 1722.9 x Clay at base 
I 

MB 126 1688.2 1687.1 x Clay - total section 
·••11 

'II' 

MB 127 1662.3 1659.3 x Clay at base ' *'' 
MB 128 1649.6 1648.2 x Clay at base 

ZoneD 1639.5 1637.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

I 
ZoneE 1637.0 1634.3 Potential brine seepage interval-inferred 

from AIS brine seepage conditions I 
ZoneF 1634.3 1632.1 Potential brine seepage interval-inferred 

from AIS brine seepage conditions 

ZoneG 1632.1 1630.0 Potential brine seepage interval-inferred 
1· 

from AIS brine seepage conditions 

ZoneH 1630.0 1625.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1· 
MB 129 1625.0 1622.9 x Clay at base 

Zone I 1621.8 1613.0 Potential brine seepage interval-inferred 1: 
from AIS brine seepage conditions 

MB 130 1613.5 1612.5 Correlated with Air Intake and Exhaust 
Shafts. I 

MB 131 1545.5 1544.6 

ZoneJ 1544.6 1540.0 Potential brine seepage interval-inferred ~ 
fiom AIS brine seepage conditions .. 

4-Wi• . 

MB 132 1511.1 1510.7 x. Clay - total section I~ 
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Stratigraphic Unit/ Unit/ Water/ Clay Comments 
Unit/Engineering Feature Feature Brine Obs. 

Feature Top Bottom Obs. 
(ft-msl) (ft-msl) 

MB 133 Absent Absent Pinched out. 

MB 134 1453.7 1442.3 x Clay at base 

MB 135 1425.7 1424.2 x Clay at top 

MB 136 1382.3 1374.4 x Clay at base 

MB 137 1358.7 1357.5 

MB 138 1311.8 1311.1 x Clay at base 

Anhydrite "a" 1288.4 1287.J x Clay at base 
(ANH"a") 

Anhydrite "b" 1281.6 1280.7 x Clay at base 
(ANH"b") 

Station Level 1247.0 Elevation 1247.00 ft.-msl calculated from 
level 2162.00 ft. (approximate) - Bechtel 
Drawing 37-R-010 Rev. A, Exploratory 
Shaft Key and Shaft Station Location 
Section. This level measurement needs 
to be confirmed with new measurement 

as it locates the station level below 
Marker Bed 139. 

MB 139 1254.3 1252.3 x Potential brine seepage interval -
Anhydrite. Clay at base. 

Base of lithologic log terminates above 
MB 140. Total depth elevation is 1105.0 
ft. msl. 

MB 140 Potential brine seepage interval -
Anhydrite 
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A.4.4 Waste Shaft Stratigraphic Database · ··-

Stratigraphic Unit/ Unit/ Water/ Clay Comment.s 
Unit/Engineering feature Feature Brine Obs. 

Feature Top Bottom Obs. ---
(ft-msl) (ft-msl) 

Top of Concrete 3408.5 Bechtel drawing 31-R-001-0lD Rev. B, 
Waste Shaft 311 Development Sections 
(Top of Pad) 

Ground Surface 3407.5 Ground surface (finish grade) elevation 
(SURF) /Finished 3407 .5 ft MSL, surveyed. Upper section 
Grade of the shaft was not logged li~ologically. 

Logging started at 3310.2 ft msl in the 
Dewey Lake Red Beds. Stratigraphic 
contacts are from lithologic log; WTSD-
TME-038 

Quaternary Sd 3407.5 
(QSD) 

Mescalero Caliche Not Not 
(MES) mapped mapped 

GatunaFm. (GAn Not Not 
mapped mapped 

Santa Rosa Fm. (SR) Not Not 
mapped mapped 

Dewey Lk. Rb. 2871.5 x Top contact is an erosional surface. Clay 
(DLR) (<6" thick) 

Rustler Fm. (RUS) 2871.5 2565.3 

49-er mbr ( 49R) 2871.5 2813.0 x Groundwater, regional aquitard; at some 
locations a thin claystone has a 
transmissivity comparable to the 
Magenta. SAND90-2035J 

Magenta D mbr 2813.0 2788.0 x Groundwater; SAND90-2035J. Weeps 
(MAG) WfSD-TME-038 

Tamarisk mbr 2788.0 2702.5 x x Groundwater, regional aquitard; 
(TAM) SAND90-2035J Thin clay layers (< 6" 

thick) 

Culebra D mbr 2702.5 2680.7 x Groundwater, regional; OOE-WIPP 90-
(CUL) 051 

Unnamed L mbr 2680.7 2565.3 x x Groundwater, regional aquitard (siltstone 
(ULM) unit at H-16); SAND90-2035J, Thin clay 

layers ( < 6" thick) 

Salado Fm. (SAL) 2565.3 Did not x Regional potential for Groundwater 
penetrate (brine) occurrence at the Rustler /Salado 

Fm. contact; SAND90-2035J. No 
Groundwater at Fm. contact noted on 
lithologic log. Shaft did not penetrate 
base of unit. 
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Stratigraphic 
Unit/Engineering 

Feature 

Key(See 
Comments) 

MB 100 

MB 101 

MB 102 

MB 103 

MB 104 

MB 105 

MB 106 

MB 107 

MB 108 

MB 109 

MB 110 

MB 111 

MB 112 

MB 113 

MB 114 

MB 115 

MB 116 

Vaca Triste (VACA 
TR.) 

MB 117 

MB 118 

MB 119 

MB 120 

Zone A 

MB 121 

MB 122 

Union Anhydrite 

20Oct1995 

Unit/ 
feature 

Top 
(ft-msl) 

• 
2444.0 

2402.0 

2389.0 

2367.0 

2350.l 

2329.3 

2295.5 

2285.9 

2262.9 

2199.3 

2188.3 

2170.8 

2144.0 

2120.5 

2084.8 

2071.8 

2060.5 

1993.2 

1969.8 

Absent 

Absent 

1923.8 

1910.0 

1900.3 

1874.3 

WIPP Sealing System Design Report 

Unit/ Water/ Clay Comments 
Feature Brine Obs. 
Bottom Obs. 
(ft-msl) 

2509.0 Elevation 2509.00 ft.-msl calculated from 
level 900.00 ft. Bechtel drawing 31-R-
001-0lD Rev. B, Waste Shaft 311 
Development Sections and 31-R-002-
010 Rev. A. Waste shaft 311 Shaft 
Lining and Key Section and Details 

• Not marked on log 

2442.0 

2401.0 x Thin clay ( <6" thick) 

2374.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

2366.0 

2349.0 x Clay at base (<1" thick) 

2328.S x Clay at base (<2" thick) 

2295.0 

2285.3 x Clay at base (<0.5'' thick) 

2236.9 x Potential brine seepage interval-inferred 
from AIS brine seepage conditions. 1 ft. 
clay in middle of section 

2196.0 

2188.0 

2168.5 x Clay at base ( <2" thick) 

2142.3 x Clay at base (<0.5" thick) 

2119.5 

2081.S 

2069.0 x Clay at base (<0.5" thick) 

2052.5 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1992.0 x Clay at base (<3" thick) 

1967.5 x Clay at base (<0.5" thick) 

Absent Section absent (pinched out). 

Absent Section absent (pinched out). 

1910.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1907.l x Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1899.0 

1867.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 
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Stratigraphic Unit/ 
Unit/Engineering feature 

Feature Top 
(ft-msl) 

MB 123 1794.0 

MB 124 1780.2 

ZoneB 1725.8 

ZoneC 1701.0 

MB 125 Absent 

MB 126 1682.2 

MB 127 1655.7 

MB 128 1644.2 

ZoneD 1634.5 

ZoneE 1632.5 

. 
ZoneF 1630.0 

ZoneG 1627.0 

ZoneH 1625.0 

MB 129 1619.5 

Zone I 1616.5 

MB 130 1608.1 

MB 131 1539.3 

ZoneJ 1538.0 

MB 132 1508.0 

MB 133 1489.8 

MB 134 1445.3 

MB 135· 1417.2 

MB 136 1373.3 

MB 137 Absent 

MB 138 1299.5 

Anhydrite "a" (ANH 1276.1 
"a") 

20Oct1995 
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Unit/ Water/ Clay Comments 
Feature Brine Obs. 
Bottom Obs. 
(ft-msl) 

1787.0 

1771.5 x Potential brine seepage interval - inferred 
from AIS brine seepage conditions. Clay 
at base (< 0.5' thick) 

1720.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1691.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

Absent Section absent (pinched out). 

1681.2 x Clay at base (<4" thick) 

1653.5 

1642.2 

1632.5 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1630.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1627.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1625.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1619.5 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1617.7 x Clay at base ( 1 ft. thick) 

1612.3 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1606.9 

1538.5 x Thin clay layer at base. 

1531.0 Potential brine seepage interval-inferred 
from AIS brine seepage conditions 

1507.0 x Clay at base (<0.5" thick) 

1487.7 x Thin clay layer at base. 

1433.5 x Clay at base ( <4" thick) 

1411.5 

1362.1 x Thin clay layer at base. 

Absent Section absent (pinched out). 

1289.9 x Clay at base (<1.5" thick) 

1275.3 x Clay at base ( <0.25" thick) 
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Stratigraphic 
Unit/Engineering 

Feature 

Anhydrite "b" (ANH 
"b") 

Station Level 

MB 139 

MB 140 

20 Oct 1995 

Unit/ 
feature 

Top 
(ft-msl) 

1268.6 

1259.0 

WIPP Sealing System Design Report 

Unit/ Water/ Clay Comments 
Feature Brine Obs. 
Bottom Obs. 
(ft-msl) 

1268.4 x Clay at base (<0.25" thick) 

1249.0 Elevation 1249.0 ft.-msl calculated from 
level 2160.0 ft. Bechtel drawing 31-R-
001-0lD Rev. B, Waste Shaft 311 
Development Sections 

MB-139 thru 142 were not noted on 
lithologic log. 

Potential brine seepage interval -
Anhydrite 

Potential brine seepage interval -
Anhydrite 
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A.5 Conclusions 

The evaluation of shaft stratigraphy and geohydrology at the WIPP has provided 
extensive information about shaft stratigraphy, shaft groundwater/brine occurrence, and shaft 
survey data. This information is outlined as follows: 

A.5.1 Shaft Stratigraphy 

• The SDB records the following information relevant to each shaft: 

• Engineering features (top of concrete, base of key, and station level) 

+ Ground Surface (finished grade) 

+ Stratigraphic unit contact name 

+· Unit top MSL elevation 

+ Unit bottom MSL elevation 

• Groundwater/brine observance 

• Clay observance 

• Comments relating to stratigraphic unit or engineering features. 

The evaluation has 

• confirmed the vertical and lateral continuity of the majority of the named stratigraphic 
units among the four shafts; 

• identified occurrences of clay in marker beds (as logged during the geologic mapping of 
each shaft) that could serve as impermeable layers upon which brine may migrate, or in 
some instances, if the clay was buried prior to dewatering, the clay layer can yield some 
water as it dewaters and consolidates after being exposed subsequent to shaft construction 
(Deal et al., 1995). 

• provided a graphical display in the form of structural cross sections, derived from the 
compiled data base, that illustrate the horizontal and vertical relationships of named 
stratigraphic units among the WIPP shafts. 

A.5.2 Shaft Groundwater I Brine Occurrence 

The evaluation of WIPP geohydrology performed to identify regional intervals of 
groundwater occurrence in the Rustler Formation and shallower stratigraphic units, as well as 
brine seepage intervals in the Salado Formation penetrated by the shafts 

• identified regional groundwater occurrence intervals in the Rustler Formation as well as 
19 intervals of brine seepage within the Salado Formation penetrated by the four shafts; 

• identified intervals of brine seepage through recent observations (July 1994) of the Salado 
Formation in the AIS. Currently, the surface Marker Bed 103 is the only seepage interVBI 
where the salt encrustations are visibly wet; 

•. identified typical hydraulic conductivity values for the primary lithologies encountered in 
the Salado Formation section penetrated by the shafts; 

• provided a graphical display in the form of structural cross sections, derived from the 
compiled data in the SDB, that illustrate the vertical and potential lateral distribution of 
brine seepage intervals within the Salado Formation. 
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A.5.3 Shaft Survey Data 

The shaft survey data were reviewed to evaluate the MSL elevations secured from the 
shaft as-built drawings relative to those recorded in the SOB and to determine a surface reference 
point to facilitate completion of sealing system design drawings and final seal emplacement. This 
review 

• demonstrated relative consistency (within 6 in.) between surface elevations reported in 
geotechnical reports and working drawings and the data recorded on the Bechtel and 
Westinghouse as-built drawings for each shaft; 

• identified the WIPP surveyed reference level 0'-0" (elevation of 3409.0 ft-MSL) used for 
computing below-surface depths (i.e., 3409.0 ft-MSL =Reference level 0'-0"); 

• identified the "top of concrete" for each shaft as a consistent surface reference point to be 
utilized for the development of the shaft seal design drawings; 

• identified discrepancies between lithologic data obtained from geotechnical shaft reports 
and as-built data, by comparing the shaft SOB elevations to shaft as-built drawing 
elevations. 
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Appendix C: -
A Modeling Study on Shaft Seal Permeability 

This appendix summarizes a modeling study conducted to evaluate the sensitivity of 
repository performance to permeability of the shaft seal system. The simulations as discussed 
here show that, for a composite shaft of 100 m length: 

• to limit brine flow, a seal permeability of about 1 x 10"16 m2 is sufficient and 

• reduction of gas flow requires a seal permeability on the order of 1 x 10"18 m2 or tighter. 

C.1 Conceptual Models 

A conceptual model of the repository comprises a tool used to evaluate the repository, the 
enclosed waste, and the surrounding geologic media. A conceptual model is the aggregate of 
processes, properties, and geometries considered within an analysis. It encompasses process 
models, which are verbal or mathematical descriptions of the conceptual model, a numerical 
model consisting of the computer code used to conduct simulations of the process model, and 
parameters. Parameters required for this conceptual model consist of data derived from field and 
laboratory experiments, and numerical quantities necessary for computer code implementation. 
The following sections identify the computer codes used for the simulations and briefly discuss 
the process models and parameter derivations for this study . 

C.2 Computer Codes 

All simulations were performed using BRAGFLO, a two-phase flow simulator developed 
by SNL. It has been designed to accommodate conceptual model changes and to be robust and 
numerically stable over a wide range of flow conditions. BRAGFLO is used by the WIPP 
Performance Assessment Group in the conduct of assessments for the program. 

Fluid flow processes at the WIPP horizon are physically coupled to the creep closure of 
the surrounding salt. Implementation of a fully coupled system results in significant technical 
difficulties that cannot be practically overcome at the present time. A simplified approach has 
been used in this modeling study. The principal effects of disposal room closure on two-phase 
flow are captured through the use of a separate calculation for the effective porosity of a waste
filled room as a function of time and total moles of gas generated. The computer code SANCHO 
was used for the calculation. Results of the calculation are implemented in BRAGFLO through 
the use of a "look-up" table of porosity values. 

C.3 Parameter Values 

The calculations presented in this appendix were conducted to provide a baseline for a 
subsequent set of simulations used in a Systems Prioriti7.ation study. Parameter values and ranges 
were derived from the Position Papers and elicitation interviews with WIPP Principal 
Investigators. The parameter ranges used for the simulations incorporated both conservative and 
optimistic estimates of parameter values. Within the context of a sensitivity study, this 
parameter variation provides an excellent opportunity to investigate the system response to a 
wide range of inputs. 
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The physical properties for the geologic medi~ as wel~ as those parameters governing gas 
generatio~ have significant quantitative variation. This variation is addressed through the use of 
a probabilistic, Latin Hypercube Sampling (LHS) method. The LHS approach generates a set of 
input vectors from the distribution of input parameters, which cover the space of parameter 
variation. 

The sensitivity study presented here used a total of 7 5 input vectors, with seal 
permeabilities ranging from 10 ·13 to 10·19 m2

• The equivalent shaft region is subdivided into 
upper and lower regions. Each region consists of a Seal element and a Shaft element. These 
simulations assumed that only the Lower Seal element (length of 100 m) functioned as a fluid 
flow barrier. The remainder of the shaft regions were assumed to consist of a permeable fill 
(intrinsic permeability of 10-12 m2

) material. 

C.4 Simulation Results 

The performance measures used to assess the sensitivity of the system to material 
permeabilities are: (1) brine flow up or down the shaft and (2) gas flow up the shaft. These 
measures are consistent with design guidance that the shafts limit flow to acceptable levels. A 
scatter plot of the cumulative brine flow through the shaft is illustrated in Figure C-1. Results for 
all 7 5 input vectors are depicted on this plot. The cumulative brine flow was calculated at the top 
of the lower seal element. These results show that brine flows through the seal are not 
significantly reduced until the Lower Shaft permeability is reduced to 10·16 m2

• Zero brine flow 
is achieved with a permeability of 10·17 m2 

• The cumulative gas flow for all input vectors is 
shown in Figure C-2. These results show that a reduction of gas flow up the shaft does not begin 
until the lower shaft permeability is reduced to 10·11 m2 

• 
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D.1 Introduction 

The calculations presented in this appendix are scoping in nature. Verification of the 
performance of the seal system is currently being performed through detailed multi-phase flow 
simulations which model the dominant flow processes expected in the seal system. The 
comparison presented in this appendix provides evidence that the seal system described in this 
report meets the design guidance described in Section 2. 

This appendix is organized into four sections in addition to the introduction. Section D.2 
presents the quantitative design guidance for the WIPP shaft seal system as provided by 
modeling studies of the seal system. Section D.3 provides the specifics behind the analysis 
approach applied, as well as a discussion of analysis assumptions and inputs. Section D.4 
presents the comparison of the design relative to the design guidance. 

D.2 Design Guidance 

The general requirement of limiting fluid flow through the seal system can be divided 
into specific functions based on the physical characteristics of the WIPP shaft sealing system and 
the surrounding media. The Rustler Formation is considered the primary source of brine to the 
shaft sealing system. The Salado Formation, although saturated, has a very low permeability and 
thus a low potential as a significant brine source. As currently conceptualized, the repository will 
produce significant quantities of gas capable of inducing significant pressure build-up at the base 
of the shaft over time. The WIPP shaft sealing system is designed to restrict the flow of gas at 
pressures less than lithostatic. 

The primary source of significant groundwater flow to the shaft sealing system is the 
Rustler F onnation. The upper shaft seal system must limit Rustler brine migrating down the 
shaft. The reasons for limiting brine migration in the seal system from the Rustler are: (1) to 
block water from reaching the repository; and (2) to limit the development of significant pore 
pressures in the compacted salt column. 

The lower shaft seal system must also limit fluid flow. The lower seal system must limit 
gas or brine released from the repository horizon from migrating up the seal system. The reasons 
for limiting gas and brine from migrating up the shaft from the repository are: (1) to prevent the 
release of radionuclides or hazardous constituents; (2) to prevent significant pore pressures from 
building up in the compacted salt column during the 100 years following closure; and (3) to 
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prevent possible seal degradation from active circulation of fluids. The release of gas from the 
repository horizon through the shaft may not directly influence compliance. However, because 
gas has the potential to impede consolidation of the compacted salt column, the lower seal will 
need to prevent significant gas pressures from building in the compacted salt column for a period 
of 100 years. 

Sensitivity modeling has recently been performed with the objective of determining the 
sensitivity of brine and gas flow within the WIPP shaft sealing system to shaft seal permeability. 
This sensitivity study has provided preliminary design guidance for the shaft sealing system. 
The sensitivity study modeled the four existing WIPP shafts as one equivalent shaft with an area 
equal to that of the four shafts. Results from the sensitivity study determined that, for a shaft seal 
to limit migration of brine, the seal must have an intrinsic permeability ofless than or equal to 1 
x 10·16 m2 over an effective seal length of 100 m or greater. The simulation results also showed 
that to significantly impede gas migration from the repository, the lower seal must have an 
intrinsic permeability less than or equal to 1 o-is m2 over an effective seal length of 100 m or 
greater. 

In this appendix, a comparative analysis will be performed based on the quantitative 
design guidance provided by the sensitivity analyses. This analysis does not represent a hydraulic 
analysis and seal system flow rates are not calculated. The analysis will compare each component 
of the seal system to the quantatative design guidance described above. This analysis will 
provide a method to determine if the sealing system design provides adequate sealing properties 
as compared to the design guidance. 

0.3 Analysis Approach 

The analysis compares flow potential as defined by hydraulic conductance for both the 
design cross-sectional seal and the expected disturbed rock zone (DRZ) and compares this to the 
quantitative design guidance. Seal material and rock permeabilities are also required as input. 
This section will define the analytical approach used, the analysis inputs, and the assumptions. 

0.3.1 Analysis Methodology 

Single-phase fluid flow through a porous medium is governed by Darcy's Law. Darcy's 
Law for steady-state flow can be expressed as: 

dh 
Q. -KA

dl 
(D-1) 

where Q is the volumetric flow rate (m3/s), K is the hydraulic conductivity of the porous medium 
(mis), dh is the difference in hydraulic head across the porous medium (m), di is the length 
across which dh is measured (m), and A is the cross-sectional area normal to the flow direction 

II 
,_ 

... ,., 
f .• 

I~ 

' ' ' ~ 

I 
.. , 

(m2). The hydraulic conductivity is a property of the porous medium and of the fluid saturating •' 
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the pore space. Hydraulic conductivity is equal to: 

(D-2) 

where k is the intrinsic permeability of the porous medium (m2), pis the fluid density (kg/ml), g 
is the acceleration of gravity (m/s2

), andµ is the fluid viscosity (Pa• s). Using WIPP reference 
values for a brine, hydraulic conductivity is equal to intrinsic permeability multiplied by a factor 
equal to 6.69 x 106

• 

The design guidance for seal permeability and seal length resulting from model 
sensitivity calculations cannot be directly compared to the seal design for the Air Intake Shaft 
(AIS). The model combines all four WIPP shafts as one equivalent shaft with an area of 100 m2• 

To compare sensitivity results to the seal design, one must consider permeabilities, lengths, and 
areas, which are different between the seal design and the model. The AIS has an area of 
approximately 30 m2, which is approximately 30% of the shaft area modeled in the simulations. 

Therefore, a method of couching the results from modeling (design guidance) into a form 
which can be compared to a seal design with variable length, permeability, and area relative to 
the model seal guidance is required. The term which allows this is the hydraulic conductance. 
The hydraulic conductance is a measure of a system's ability to transmit water and is equivalent 
to thermal conductance in heat flow problems. The hydraulic conductance of a porous medium 
is derived from area, length, and hydraulic conductivity, and is the inverse of the hydraulic 
resistance. The hydraulic conductance, defined in terms of intrinsic permeability, can be 
expressed as: 

(D-3) 

where C is the hydraulic conductance (m2/s), k is the intrinsic permeability (m2), A is the area 
(m2), L is the component length (m), p is the fluid density (kg/ml), g is the acceleration of gravity 
(m/s2), andµ is the fluid viscosity (Pa• s). 

By using equation D-3, the design guidance for the upper and lower seals can be 
expressed as hydraulic conductance and can be used for direct comparison with the seal design 
presented in this report. To limit brine flow in the shaft, modeling indicated that a seal length of 
100 m, permeability of 1 x 10·16 m2, and area of 100 m2 must exist in the shaft. Assuming a 
viscosity of0.0018 Pa• s, a fluid density of 1230 kg/ml, and an acceleration of gravity constant 
of9.792 m/s2, the brine seal guidance translates into a hydraulic conductance equal to 6.7 x 10-10 

m2/s. For limiting gas flow in the shaft, modeling indicated that a seal length of 100 m, 
permeability of 1x10·11 m2

, and area of 100 m2 must exist in the shaft. Assuming fluid 
properties representative of a WIPP brine (see above), the gas seal guidance translates into a 
hydraulic conductance equal to 6.7 x 10-12 m2/s. Because the AIS contributes 30% of the area of 
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the equivalent shaft, these hydraulic conductances should be reduced to 30% for comparison to 
the AIS seal dimensions. This results in a brine seal guidance hydraulic conductance of 2.0x10-10 
m2/s and a gas seal guidance hydraulic conductance of2.0 x 10-12 m2/s. In the calculation of 
hydraulic conductance, brine properties are assumed for both brine and gas. This assumption is 
justified because the analysis is comparative and the physical properties of the permeating fluid 
are unimportant as long as they are the same as those used to calculate the design guidance 
hydraulic conductance. Calculations predicting performance of the shaft sealing system require 
rigorous application of multiphase properties and are beyond the scope of this appendix. 

To determine if the seal design meets the design guidance provided by modeling results, 
the hydraulic conductance of the AIS seal design is computed and compared to the design 
guidance. The computation of seal hydraulic conductance is based on a component-by
component basis consistent with the seal design description found in Section 3 of this report. 

The hydraulic analysis considers the cross-sectional area of the seal for flow plus the 
cross-sectional area of the DRZ normal to the axis of the shaft. The hydraulic conductance of the 
cross-sectional seal and the DRZ are added to get the total hydraulic conductance of a specific 
component of the seal design, as illustrated in Figure D-1. For parallel flow, the appropriate law 
of composition is simply to add the hydraulic conductances of the seal and the DRZ. The zone 
with the largest hydraulic conductance dominates the total hydraulic conductance. The total seal 
system (seal plus DRZ) hydraulic conductance is then compared to the guidance hydraulic 
conductance. 
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The determination of the DRZ hydraulic conductance is based on the assumption that the 
permeability is greatest in the DRZ near the excavation face and decreases log-linearly as one 
approaches the outer extent of the DRZ. Figure D-2 shows a schematic of a shaft with a DRZ of 
inner radius ri and outer radius r0 • It is assumed that the permeability~ at ri is several orders of 
magnitude higher than the intact undisturbed permeability defined at r0 • The functional 
relationship between the variation in permeability as a function of radius is unknown. The 
calculations in this appendix assume that the change in permeability within the DRZ can be 
described by a linear change in log permeability. Therefore, for a given ri, ~. r0 , and ko, an 
effective DRZ permeability is calculated which accounts for both the decrease in DRZ 
permeability and the increase in flow area as a function of radius away from the excavation. The 
equation for the effective DRZ permeability is 

where Ar is equal to the outer DRZ radius minus the inner DRZ radius. 
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D.3.2 Analysis Assumptions 

There are several assumptions inherent in the calculation of hydraulic conductance. 
These assumptions are listed below. 

• Reference fluid properties representative of WIPP brine are used in calculations of 
hydraulic conductance. Because the analysis is a comparative study, these properties are 
unimportant to the analysis. 

• Flow through the seal system is limited to the cross-sectional seal and the DRZ. Interface 
flow is not considered; therefore the hydraulic conductance is calculated for the seal plus 
the DRZ only. 

• The comparative analysis is performed for the AIS. The dimensions of the seal 
components and the DRZ components are representative of the AIS. 

• Properties of the seal materials are described in Section 4. Transient seal permeabilities 
are used for concrete and for the compacted salt column. The concrete components are 
not assigned a sealing function after 100 years. They are replaced by a silty sand with a 
permeability of 1 x to·14 m2

• The consolidated salt permeability varies as a function of 
relative density according to the Knowles-Hansen (Figure D-8) functional relationship; 

• The Salado is modeled as argillaceous; 

• Salt creep can be defined by the modified Munson-Dawson (M-D) creep material model 
(Munson et al., 1989). The salt DRZ can be described by the Multi-Deformation 
Coupled-Fracture {MDCF) material constitutive model which provides a continuum 
description of the response and the associated damage evolution of rock salt; 

• Asphalt, for purposes of these calculations, is considered a porous medium. 1bis is 
necessitated by the assumptions of the hydraulic evaluation. It is understood that asphalt 
is a separate phase from water or gas. The water permeability of asphalt liquid is 
effectively zero; therefore, this assumption is considered conservative; 

• The seal system is evaluated at 0, I 0, SO, and 100 years. In this analysis, hydraulic 
properties of the seal and DRZ are considered constant beyond 100 years. 

D.3.3 Analysis Parameters 

Several analysis inputs are required for the hydraulic conductance calculations. These 
include: {1) compacted salt column fractional density as a function of time; (2) DRZ radius as a 
function of time, depth, and sealing material; and (3) the intrinsic permeability of the seal 
materials and the Salado DRZ. These parameters are discussed below. 
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D.3.3.1 Reconsolidated Salt Fractional Density 

The salt in the compacted salt column will continue to consolidate after emplacement in 
the shaft as a result of salt creep. RE/SPEC (1995) calculated the fractional density of a salt 
column in the Salado for various depths over a 1,000 year time period. The calculations were 
performed with a series of"pineapple slice" models at depths of250 m, 350 m, 450 m, 550 m, 
and 650 m. These five depths were considered adequate to define the functional relationship 
between salt fractional density, depth, and time. The primary assumptions of the analysis are: 

• The calculations are based upon finite deformation solutions; 

• The initial fractional densities of the salt are 0.80, 0.85, 0.90, and 0.95; 

• The stratigraphy of the Salado is not considered; instead the Salado is considered 
homogeneous as a clean or argillaceous halite; 

• The shaft has a uniform diameter of 6.1 m; 

• The initial stress state prior to excavation is lithostatic; 

• The excavation occurs at -50 years and remains open for 50 years until time zero, when 
the salt seal material is emplaced instantaneously. 

The crushed salt consolidation is governed by the constitutive model described by 
Callahan and De Vries (1991) and Callahan (1993). For the calculations presented in this 
appendix, the initial emplacement fractional density is 0.90. Using calculations presented in 
RE/SPEC (1995), the fractional density as a function of depth and time was determined for an 
initial fractional density of 0.90 through linear interpolation. Figure D-3 provides the fractional 
density relationship based on an initial emplacement density of0.90 and the salt is argillaceous. 
These parameters are used to estimate the compacted salt column fractional density. Fractional 
density is then used to define the permeability of the salt seal (see Section D.3.3.3). 
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Figure D-3. Fractional density of reconsolidated salt for argillaceous salt. 

0.3.3.2 Disturbed Rock Zone (DRZ) Definition 

The Salado Formation between the depths of approximately 250 m to 650 m is primarily 
composed of halite, which exhibits time-dependent deformation. A DRZ develops around an 
excavation in response to the stress relief provided by the excavation. The extent of the DRZ 
will be reduced in halite as the salt creeps in on the sealing material creating back stresses on the 
shaft wall. The extent of the DRZ is a function of the type of halite surrounding the shaft, time, 
depth, and the stiffiless of the sealing material. RE/SPEC, Inc. calculated the radial extent of the 
DRZ for times 0, 10, 25, 50, and 100 years after seal emplacement. The seal materials 
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considered in the RE/SPEC analysis are asphalt. compacted clay, crushed salt, asphalt concrete, 
and salt-saturated concrete. Asphalt concrete is not used in the shaft sealing system. 

The calculations were performed with the finite-element program SPECTROM-32. The 
calculations assume that a material model describing salt creep can be defined by the Multi
Deformation, Coupled-Fracture (MDCF) material constitutive model, which provides a 
continuum description of the response and the associated damage evolution of rock salt. This 
model gives a measure (i.e., the damage stress) of the shear- and tensile-induced damage. The 
damage stress measure can be used as an indicator of the potential for damage, although it is not 
actual damage. These calculations indicate that the initial DRZ may extend as much as 80% of 
the shaft radius into the surrounding argillaceous salt, or may be nonexistent if the shaft is 
surrounded by clean salt. The healing of the DRZ is directly related to the stiffness of the 
material filling the shaft. The stiffer the material, the quicker the DRZ heals. In the Dewey Lake 
Redbeds and the Rustler Formation, the DRZ is not expected to heal since the rock types found 
in these formations do not exhibit time-dependent behavior. The assumptions of the analysis are: 

• 

• 

The calculations are based upon finite deformation solutions; 

The stratigraphy of the Salado is considered homogeneous as either a clean or an 
argillaceous halite; 

• The initial stress state prior to excavation is lithostatic; 

• 

• 

• 

Permeability changes in the salt DRZ are conservatively assumed to extend as far as the 
damage; 

The excavation occurs at -50 years and remains open for 50 years, when the salt seal 
material is emplaced instantaneously; 

The calculations were performed with a series of pineapple-slice models at depths of 250 
m, 350 m, 450 m, 550 m, and 650 m. 

Figures D-4 through D-7 show the DRZ extent (expressed as a multiple of the shaft 
radius) as a function of depth and as a function of backfill material for times 0, 10, 50, and 100 
years after closure, respectively. At time zero, the DRZ is independent of backfill. Also at time 
zero, the asphalt waterstop DRZ radii are considered to be equivalent to the excavation radii plus 
0.5 m. After 10 years, the DRZ is considered to have healed against the waterstops, and the DRZ 
radii will be equal to zero. 
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Figure D-4. Maximum DRZ extent at 0 years after closure. 
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Figure D-5. Maximum DRZ extent at 10 years after closure. 
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Figure D-6. Maximum DRZ extent at 50 years after closure. 
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Figure D-7. Maximum DRZ extent at 100 years after closure. 

D.3.3.3 Permeability 
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The permeability (also referred to as the intrinsic permeability) is required for all sealing 
materials and for the DRZ. The intrinsic permeability of a material is only a property of the pore 
geometry of a material and, unlike hydraulic conductivity, is not a function of properties of the 
permeating fluid. The materials and their associated physical properties are described in Section 
4 of this report. For a complete listing of the seal material permeabilities, see Table 4-2. 

The permeability of the compacted salt column is transient. As the salt consolidates, it 
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increases in density and decreases in permeability. Permeability measurements have been made 
for several samples of WIPP crushed salt at various fractional densities to describe the 
relationship between fractional density and permeability (Brodsky, 1994). The fractional 
density-permeability relationship used in these calculations is the Knowles-Hansen relationship 
which is shown in Figure D-8. This relationship is linear for argillaceous crushed salt at 
fractional densities from 0.88 to 1.0. The permeability varies from 1 x 10-11 m2 at 0.85 to 1 x 1 o-
21 m2 at 1.0. The relationship is considered conservative in that it would over-predict 
permeability more often than under-predict permeability of WIPP crushed salt samples. 
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Figure D-8. Knowles-Hansen fractional density versus permeability relationship 
for WIPP crushed salt. 
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The effective DRZ permeability is estimated from the maximum disturbed permeability 
and the intact (undisturbed) rock permeability which can be found listed in Table 4-2. The 
effective DRZ permeability accounts for the decreasing DRZ permeability and the increasing 
flow area as a function of radius away from the excavation or into the DRZ. 

D.4 Comparative Analysis of Seal System Design 

The following sections discuss the current seal system design in regards to the design 
guidance. Because uncertainty is inherent in any engineered system, the design takes advantage 
of redundancy to minimize overall system uncertainty and to require multiple failure modes. As 
will be demonstrated, the current seal design offers redundancy in meeting the design guidance 
for seal hydraulic conductance. 

The comparison to the design guidance is discussed in terms of an upper seal and a lower 
seal consistent with the functional needs of the sealing system. For purposes of this comparative 
analysis, the upper Salado seal is defined as the seal system between the Rustler-Salado interface 
and the bottom of the upper Salado compacted clay column. The lower Salado seal is defined as 
the seal system between the top of the compacted salt column and the bottom of the lower Salado 
compacted clay column. 

D.4.1 Lower Salado Seal Components 

The hydraulic conductance for each component comprising the lower seal was calculated. 
The hydraulic conductance for each component accounts for both the capacity for flow through 
the cross-sectional seal and the adjacent DRZ (if there is one predicted for the seal material at the 
time of interest). Table D-1 presents the hydraulic conductance calculated for each seal 
component comprising the lower seal at 0, 10, 50 and 100 years after closure. Hydraulic 
conductance is calculated for the cross-sectional seal, the DRZ, and the combination of the two 
(referred to as the total). In order to make comparisons to the design guidance easier, Table D-1 
also contains the hydraulic conductance normalized to the lower seal guidance value of2.0 x 10· 
12 m2• The normalized hydraulic conductance is defined as the guidance hydraulic conductance 
divided by the calculated hydraulic conductance for the specific seal component. A calculated 
normalized hydraulic conductance with a value greater than or equal to unity indicates the 
guidance criteria are satisfied. 

After 100 years, it is assumed that the concrete components fully degrade to the 
permeability of a silt to silty sand (1 x 10·14 m2). This is considered a conservative assumption. 
By 100 years, the compacted salt column has healed to a permeability which provides a hydraulic 
conductance which by itself meets the lower seal criteria by a factor of 13. From 100 to 10,000 
years, the permeability (i.e. hydraulic conductance) of the compacted salt column will continue 
to decrease approaching an intact salt magnitude. The clay will be stable in the WIPP 
environment and will maintain its sealing properties throughout the 10,000-year time frame. The 
asphalt may also be stable in the WIPP environment throughout the regulatory period. However, 
either the clay or consolidated salt components are sufficient to meet the design guidance. 
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Table D-1. Absolute and Normalized Hydraulic Conductance - Lower Seal Component 

Seal Component Normalized DRZ Nonnalizcd Total Nonnalizcd I 
Material KAIL Seal Component KAIL DRZ KAIL Total 

Element I Type (nr/s) (KAIL) (nr/s) KAIL (nr/s) KAIL 

TIME • O YEARS I 
9a salt-saturated concrete 3.28E·ll 0.061 2.SOE-09 0.001 2.S3E-o9 0.001 

9b asphalt 4.26E·l3 4.69 l.68E-09 0.001 l.68E-o9 0.001 

9c salt-saturated concrete 2.47E·ll 0.081 l.90E-09 0.001 l.92E-o9 0.001 
I 

10 reconsolidated salt S.19E-09 0.0004 4.62E·ll 0.043 S.24E-o9 0.0004 

Ila salt-saturated concrete 3.28E·ll 0.061 2.84E-09 0.001 2.87E-o9 0.001 

llb asphalt 4.26E·l3 4.69 l.68E-o9 0.001 l.68E-09 0.001 
I 

lie salt-saturated concrete 2.47E·l l 0.081 2.1SE-o9 0.001 2.17E-09 0.001 

12 comoacted clav 7.30E-12 0.274 3.19E-10 0.006 3.26E-10 0.006 J 
TIME• I 0 YEARS 

9a salt-saturated concrete 3.28E·ll 0.061 2.99E-10 0.007 3.32E-10 0.006 

9b asphalt 4.26E·l3 4.69 - - 4.26E-13 4.69 

9e salt-saturated concrete 2.47E·ll 0.081 2.13E·10 0.009 2.38E-10 0.008 

10 reconsolidated salt 1.30E-09 O.OOlS S.91E·l2 0.339 1.31E-o9 O.OOlS 

Ila salt-saturated concrete 3.28E·ll 0.061 3.13E·l l 0.064 6.41E·ll 0.031 

!lb asphalt 4.26E·13 4.69 - - 4.26E-13 4.69 

lie salt-saturated concrete 2.47E·11 0.081 l.18E-l 1 0.170 3.6SE·11 o.oss -11 

12 r.nmnacted clav 7.30E·12 0.274 S.63E·ll 0.036 6.36E-ll 0.031 ... 
TIME = SO YEARS 

9a salt-sawrated concrete 3.28E·ll 0.061 - - 3.28E·ll 0.061 

9b asphalt 4.26E·13 4.69 - - 4.26E-13 4.69 

9e salt-saturated concrete 2.47E·ll 0.081 - - 2.47E-11 0.081 

10 reconsolidated salt 1.30E·ll 0.1S3 - - l.JOE-11 0.153 

lla salt-saturated concrete 3.28E·ll 0.061 - - 3.28E-11 0.061 

lib asphalt 4.26E·13 4.69 - - 4.26E-13 4.69 

Ile salt-saturated concrete 2.47E-11 0.081 - - 2.47E-ll 0.081 

12 comnacted clay 7.30E·l2 0.274 - - 7.30E-12 0.274 

TIME• I 00 YEARS 

9a salt-saturated concrete 3.28E·11 0.061 - -· 3.28E·l l 0.061 

9b asphalt 4.26E·13 4.69 - - 4.26E-13 4.69 

9e salt-saturated concrete 2.47E·l l 0.081 -- - 2.47E-11 0.081 

10 reconsolidated salt 1.77E·13 11.3 - - 1.77E-13 11.3 I 
Ila salt-slWl'lted concrete 3.28E·l 1 0.061 - - 3.28E-ll 0.061 

lib asphalt 4.26£-13 4.69 - - 4.26E-13 4.69 

lie salt-saturated concrete 2.47E·ll 0.081 - - 2.47E-11 0.081 

12 
... ,_ 7 'lftl:'.1' 

n """ 
7~nP.I? n274 

Note: Design guidance hydraulic conductance is equal to 2.0E-12 m2/s 
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rable D-1. Absolute and Normalized Hydraulic Conductance - Lower Seal Component (concluded) 

Seal Component Normalized DRZ Normalized Total Nonnalized 
Material KAIL Seal Component KAIL DRZ KAIL 

Element! Type (m1/s) (KAIL) (m1/s) KAIL (m1/s) 

TIME > I 00 YEARS 

9a salt-saturated concrete 6.57E-07 0 - - 6.57E-07 

9b asphalt 4.26E-13 4.69 - - 4.26E·l3 

9c salt-saturated concrete 4.9SE-07 0 - - 4.9SE-07 

10 reconsolidated salt l.77E-13 11.3 - - 1.77E-13 

lla salt-saturated concrete 6.57E-07 0 - - 6.S7E-07 

llb asphalt 4.26E·13 4.69 - - 4.26E·l3 

llc salt-saturated concrete 4.9SE-07 0 - - 4.9SE-07 

12 compacted clay 7.JOE-12 0.274 - - 7.30E·l2 

Note: Design guidance hydraulic conductance is equal to 2.0E-12 m2/s 

D.4.2 Upper Salado Seal Components 

The hydraulic conductance for each material comprising the upper seal component was 
calculated. The hydraulic conductance for each component accounts for both the capacity for 
flow through the cross-sectional seal and the adjacent DRZ (if there is one predicted for the seal 
material at the time of interest). 

Table D-2 presents the hydraulic conductance calculated for each seal material 
comprising the upper seal at 0, 10, 50 and 100 years after closure. Hydraulic conductance is 
calculated for the cross-sectional seal, the DRZ, and the combination of the two. In order to 
make comparison to the PA guidance easier, Table D-2 also contains the hydraulic conductance 
normalized to the guidance value of2.0 x 10-10 m2

• 
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Total 
KAIL 

0 

4.69 

0 

11.3 

0 

4.69 

0 

0.274 



I 
WIPP Sealing System Design Report 

Table D-2. Absolute and Normalized Hydraulic Conductance - Upper Seal Component 

Seal Component Nonnalizcd DRZ Nonnalizcd Total Nonnalizcd 
Material KM.. Seal Component KAIL DRZ KM.. Total 

Element I Type (1111/s) (KAIL) (1111/s) KAIL (ml/s) KAIL 

TIME•OYEARS I 
6 asphalt 5.52E-15 36200 1.74E-10 1.15 1.74E·l0 1.15 

7a salt·saturaled concrete 3.28E·ll 6.09 2.14E..Q9 0.094 2.17E..Q9 0.092 

7b asphalt 4.26E-13 469 1.68E-09 0.119 1.68E..Q9 0.119 

7c salt-saturaled concrete 2.47E-ll 8.088 1.62E..Q9 0.123 1.65e..Q9 0.122 

8 compacted clay 1.84E-12 109 6.56E·ll 3.0S 6.7SE·l 1 2.96 

TIME"" 10 YEARS 

6 asphalt 5.S2E-15 36200 1.72E·10 1.16 1.72E·10 1.16 

7a salt-saturated concrete 3.28E-1 l 6.09 5.38E·l0 0.371 5.71E·l0 0.350 

7b asphalt 4.26E-13 469 - - 4.26E-13 469 

7c salt-saiuraied concrete 2.47E-ll 8.09 3.93E·10 0.508 4.18E-10 0.478 

8 compacted clay 1.84E-12 109 4.27E·ll 4.69 4.45E·l l 4.49 

TIME .. SO YEARS 

6 asphalt S.S2E-1S 36200 1.69E·l0 1.18 1.69E·10 1.18 
,.l"·•i, 

i 
' 7a salt-saturated concrete 3.28E-11 6.09 - - 3.28E-l 1 6.09 

7b asphalt 4.26E·13 469 - - 4.26E·13 469 

7c salt-saturaled concrete 2.47E·ll 8.09 - - 2.47E-ll 1.09 

8 compacted clay 1.84E-12 109 9.71E·12 20.6 l.16E·ll 17.3 

TIME .. 100 YEARS 

6 asphalt 5.52E-15 36200 1.69E·l0 1.18 1.69E·l0 1.11 

7a salt-saturated concrete 3.28E·ll 6.09 - - 3.28E·ll 6.09 

7b asphalt 4.26E-13 469 - - 4.26E-13 469 

7c salt-saturated concrete 2.47E·ll 8.09 - - 2.47E-ll 1.09 

8 compacted clay 1.84E-12 109 9.71E·l2 20.6 1.16E·ll 17.3 

TIME> 100 YEARS 

6 asphalt S.SlE-lS 36200 1.65E·IO 1.21 1.65E-IO 1.21 

7a salt-saturated concrete 6.57E-07 0 - - 6.57E-07 0 

7b asphalt 4.26E-13 469 - - 4.l6E·l3 469 

7c salt-saturated concrete 4.95E-07 0 - - 4.95E-07 0 

8 compacted clay 1.84E-12 109 - - l.84E-12 109 

Note: Design guidance hydraulic conductance is equal to 2.0E-10 m2/s 
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CO-DETECTION OF HAZARDOUS AND RADIOACTIVE WASTE RELEASES 2 

13-1 Purpose 3 

Within the Resource Conservation and Recovery Act (RCRA) Permit Application for the Waste 4 

Isolation Pilot Plant (WIPP), the concept of radiological monitoring is used to determine whether 5 

a release of hazardous constituents has occurred. This method is used in addition to the visual s 
examinations and container inspections mandated by the RCRA. The purpose of this paper is 1 

to provide a justification for this approach. 8 

13-2 Definition 9 

Co-detection is used to describe the detection of hazardous waste releases from containers by 10 

virtue of detection of a radioactive constituent release. Co-detection assumes the co-release of 11 

hazardous and radioactive materials and applies to all releases except the release of volatile 12 

organic compounds (VOC) from transuranic (TRU) mixed waste containers. Co-detection is used 13 

to identify the presence or absence of hazardous waste constituents based on the presence or 14 

absence of radioactivity. Co-detection does not provide any assessment with regard to 15 

concentration. 16 

13-3 Discussion 17 

Co-detection provides the WIPP facility with a very sensitive method of detecting the release of 18 

non-VOC hazardous waste constituents through the use of surface sampling (swipes) and 19 

radioactivity counting. The feasibility of this approach depends on the nature of the hazardous 20 

waste portion of the TRU mixed waste, the nature of the TRU mixed waste, and the nature of 21 

the spills. The sections below discuss each of these factors. 22 

13-3a Nature of the Hazardous Waste Portion of TRU Mixed Waste 23 

Based on the waste codes listed in the Part A and discussed in the WIPP Waste Analysis Plan 24 

(Chapter C of the permit application), the hazardous waste constituents consist mainly of EPA 25 

F-coded solvents and metals that exhibit the toxicity characteristic. The wastes that are to be 2s 

shipped to the WIPP facility during the Disposal Phase have been placed into waste categories 21 

based on their physical and chemical properties. Waste category information is summarized in 28 

Table 12-1 with emphasis on the process that generated the waste. The waste generating 29 

processes can be described in five general categories: 30 

1. Wastes (such as combustible waste) that result from cleaning and decontamination 31 

activities in which items such as towels and rags become contaminated 32 

simultaneously with hazardous constituents and radioactivity. In these cases, the 33 
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hazardous constituent and the radioactive constituent are intimately mixed, both on 
the rag or towel used for cleaning and as residuals on the surface of the object being 
cleaned. These waste forms are not homogeneous in nature; however, they are 
generated in a fashion that ensures that the hazardous and radioactive contaminants 
coexist throughout the waste matrix. 

Wastes generated when materials that contain metals that are believed to exhibit the 
toxicity characteristic become contaminated with radioactivity as the result of 
plutonium operations (leaded rubber, some glass, and metal waste are typical 
examples). These materials may also become contaminated with solvents during 
decontamination or plutonium recovery activities. 

A class of processes where objects that are not metals are used in plutonium 
processes and become contaminated with radioactivity. They are subsequently 
cleaned with solvents to recover plutonium. Surfaces of these objects (such as 
graphite, filters, and glass) are contaminated with both radioactive constituents and 
hazardous constituents. 

Waste generating processes involving foundry operations where impurities are 
removed from plutonium. These impurities may result in the deposition of toxicity 
characteristic metals on the surfaces of objects, such as firebrick, ceramic crucibles, 
pyrochemical salts, and graphite, which are contaminated with residual quantities of 
radioactivity. 

In all of the process waste categories in the lower half of the attached table, the 
hazardous constituent and the radioactivity are physically mixed together as a result 
of the treatment process. In these wastes, the release of any portion of the waste 
matrix will involve both the hazardous waste and the radioactive waste components, 
because the treatment process generates a relatively homogeneous waste form. 

31 Some waste forms only contain radioactive contamination on the surface, because they are not 
32 the result of a treatment process or are not porous in form. These include glass, leaded rubber, 
33 metals, graphite, ceramics, firebricks, and plastics. In theory, a hazardous waste release could 
34 occur if the interiors of these materials became exposed and were involved in a release or spill. 
35 Such an occurrence is not likely during operations, because no activities are planned or 
36 anticipated that would result in the breaking of these materials to expose fresh surfaces. 
37 

38 Based on the information in the attached table and the discussion above, hazardous constituent 
39 releases could potentially occur in only one of two forms: 1) VOC and 2) particulate resulting 
40 from the catastrophic failure of a container. Mechanisms that can initiate releases in these forms 
41 are discussed subsequently. Regardless of how the release occurs, the nature of the waste and 
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the processes that generated it is such that the radioactive and hazardous components are 
intimately mixed. A release of one without the other is not feasible. 2 

13-3b Nature of the TRU Mixed Waste 3 

TRU mixed waste is defined as waste in which radioactive waste constituents and hazardous 4 

waste constituents exist as co-contaminants. The processes that placed the radioactivity in the 5 

waste are, for the most part, the same processes that placed the hazardous constituent in the 6 

waste. Therefore, the TRU mixed waste forms are described in terms of both classes of 1 

constituents. The WIPP Waste Acceptance Criteria ryJAC) document places limits on the waste a 
that can be shipped to the WIPP facility based on the characteristics of the waste form. 9 

According to the WAC, certain waste forms with specific characteristics are not allowed at the 10 

WIPP facility. Liquid waste is one waste form that is not allowed. Waste forms with greater that 11 

1 percent respirable fines (particulates less than 10 microns in diameter) are not allowed. Other 12 

limitations include a prohibition on pyrophoric materials, corrosive materials, ignitable waste, and 13 

compressed gases. Furthermore, TRU waste must contain 100 nanocuries or more of 14 

transuranic elements per gram of waste, which means that the radioactive component of the 15 

waste will always be present within the waste in significant concentrations. The limitations and 15 

restrictions are provided to ensure any waste form handled at the WIPP facility is stable and can 11 

be managed safely. 18 

One benefit of waste form restrictions, such as no liquids or limited particulates, is that they limit 19 

the kinds of releases that could occur to those that would be readily detectable through visual 20 

inspection (i.e., large objects that fall out of ruptured containers) or through the use of radiation 21 

monitoring either locally or within the adjacent area to detect materials that have escaped from 22 

containers. 23 

13-3c Nature of the Releases 24 

The fundamental operating philosophy at the WIPP facility is to handle only sealed containers 25 

of waste. This practice minimizes the opportunity for releases or spills. For the purposes of 26 

safety analysis, it was assumed that releases and spills during operations occur by either of two 21 

mechanisms: 1) surface contamination and 2) accidents. 2a 

Surface contamination is documented in the WIPP Final Safety Analysis Report (FSAR) to be 29 

the only credible source of contamination external to the containers during normal operations. 30 

Surface contamination is assumed to be caused by waste management activities at the 31 

generator site that result in the contamination of the outside of a waste container. (Note: There 32 

are WAC limits on surface contamination; however, conservative assumptions were made 33 

regarding the occurrence of minor contamination.) Contamination would most likely be 34 

particulates (dirt or dust) that would be deposited during generator-site handling/loading 35 

activities. This contamination would not be detected by visible inspections. Surface 36 

contamination is monitored upon arrival at the WIPP facility through the use of swipes and 37 
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radiation monitoring equipment. U.S. Department of Energy (DOE) Orders require that off-site 
2 shipments of radioactive waste be checked to assure that the radioactive surface contamination 
3 is below very low levels. Consequently, any surface contamination that may be detected at the 
4 WIPP facility will be very minor. Because the hazardous constituents, if present, also occur in 
5 minor concentrations as residues and traces within the waste, they represent very small health 
6 risks. 
7 

8 It should be noted that, with respect to surface contamination, detection using radioactivity is very 
9 sensitive and allows for the detection of contamination that may not be visible on the surface of 

10 the container. This exceeds the capability required by the RCRA, which is generally limited to 
11 inspections that detect only visible evidence of spills or leaks. 
12 

13 Releases due to accidents are modeled in the WIPP FSAR. Significant accidents within the 
14 waste handling process are assumed to result in the release and dispersion of particulate 
15 radioactive contaminants and VOCs. Radioactive releases of particulates are detectable using 
15 surface-sampling (swipe) techniques and the extensive network of radiation sensors located 
11 throughout the facility. An accidental release would be detected immediately by the operator or 
18 the health physics technician. The impact of VOC releases is discussed in Chapter D. 
19 

20 In summary, releases that are most likely at the WIPP facility involve the dispersion of 
21 particulates containing radioactivity. This radioactivity is readily detectable. On the other hand, 
22 the presence of hazardous constituents in these releases would likely go undetected due to their 
23 extremely low concentrations without conservative co-detection practices. 
24 

25 13-4 Application of Co-detection 
26 

21 The use of co-detection applies to any situation calling for sampling or monitoring for nonvolatile 
28 releases. This includes initial sampling for surface radiological contamination upon receipt, 
29 sampling for contamination during waste handling activities, monitoring for releases of 
30 particulates or liquids during testing, sampling for contamination during decommissioning, 
31 sampling for contamination during packaging for off-site shipment, and sampling to demonstrate 
32 the effectiveness of decontamination activities that follow a release or spill and retrieval. 
33 Radiation monitoring and sampling are mandated by DOE Orders and provide an immediate 
34 indication of a release or spill, even when they are not visibly detectable. The basis for 
35 accepting co-detection is that the radioactivity is intimately mixed with the hazardous constituents 
36 to the extent that both are present in the waste. It can be assumed that a release or spill 
37 involving hazardous constituents (except VOCs) will also involve a release or spill of radioactivity. 
38 This assurance that hazardous and radioactive contaminants are mixed is based on the 
39 processes that generated the waste and the physical form of the waste. These processes mixed 
40 the hazardous and radioactive components, as described in Section 3.1, to the extent that 
41 detection of the radioactive component can lead to the conclusion that the hazardous component 
42 is also present. Conversely, the absence of the radioactive component indicates that no release 
43 or spill has occurred. The assumption that hazardous and radioactive materials are released 
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together is appropriate in that no reasonable release mechanisms that can be postulated which 
would separate the different types of contamination. 2 

13-5 Summary 3 

The use of co-detection at the WIPP facility as a means of detecting both radioactive and 4 

hazardous waste constituents can be summarized as follows: 5 

1. Two waste components are intimately mixed such that a release of one will be s 
accompanied by a release of the other (except for gaseous releases of regulated 1 

VOCs). a 

2. Without the ability for co-detection using radiological sampling and monitoring, the g 

hazardous constituents would likely go undetected because of their extremely low 1 o 
concentrations, unless visible evidence of a spill or release is present. 11 

3. Radiation detection is sensitive enough to detect hazardous contamination, even in 12 

cases where the contamination is not visible. 13 

4. Radiation sampling and monitoring provides easy and immediate detection of 14 

contamination. 15 

5. The use of radiation for detection and the assumption that the hazardous constituents 1s 
are also present lead to a conservative RCRA classification of spills and releases. 11 

6. The use of radiation detection can be used to detect releases and contamination 1a 

during all phases of operations, including retrieval and decontamination. 19 

7. Even with the use of radiation detection to identify spills and releases, required RCRA 20 

inspections activities will be performed to assure that containers are not deteriorating. 21 
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SUMMARY OF WASTE GENERATION PROCESSES AND WASTE FORMS 

Waste Hazardous Description of Description of 
Category Waste Codes Processes Waste Form 

Combustibles F001, F002, Cloth and paper wipes are used to Materials such as metals may retain 
F003, 0008, clean parts and wash down traces of organics left on surfaces that 
0019 gloveboxes. Wood and plastic parts were cleaned. Waste may remain on 

are removed from gloveboxes after the cloth and paper that was used for 
they are cleaned. Lead may occur cleaning or for wiping up spills. 
as shielding tape or as minor 
noncombustible waste in this 
category. 

Graphite Graphite molds, which may contain Surfaces may retain residual solvents. 
impurities of metals, are scraped and Lead may be used as shielding or may 
cleaned with solvents to remove the be an impurity in the graphite. 
recoverable plutonium. 

Filters F001, F002 Filters are used to capture Filter media may retain organic 
radioactive particulate in air streams solvents that were present in the air or 
associated with numerous plutonium liquid streams. 
operations and to filter particulate 
from aqueous streams. 

Benelex® and F001, F002, Materials are used in gloveboxes as Surfaces may retain residual solvents 

Plexiglas® 0008 neutron absorbers. The glovebox from wiping operations. Leaded glass 
assembly often includes leaded may also be present. 
glass. All surfaces may be wiped 
down with solvents to remove 
residual plutonium. 

Firebrick and F001, F002, Firebrick is used to line plutonium Metals deposited during plutonium 
Ceramic Crucibles FOOS, 0006, processing furnaces. Ceramic refining or analytical operations could 

0007, 0008 crucibles are used in plutonium remain as residuals on surfaces. 
analytical laboratories. Both may Surfaces may retain residual solvents. 
contain metals as surface 
contaminants. 

Leaded Rubber 0008 Leaded rubber includes lead oxide The leaded rubber could potentially 
impregnated materials such as exhibit the toxicity characteristic. 
gloves and aprons. 

Metal F001, F002, Metals range from large pieces Solvents may exist on the surfaces of 
0008 removed from equipment and metal parts. The metals themselves 

structures to nuts, bolts, wire, and potentially exhibit the toxicity 
small parts. Many times, metal parts characteristic. 
will be cleaned with solvents to 
remove residual plutonium. 

Glass F001, F002, Glass includes Raschig rings Solvents may exist as residuals on 
0006, 0007, removed from processing tanks, glass surfaces and in empty 
0008, 0009 leaded glass removed from containers. The leader glass may 

gloveboxes, and miscellaneous exhibit the toxicity characteristic. 
laboratory glassware. 

Inorganic Wastewater F001-F003, Sludge is vacuum filtered and Traces of solvents and heavy metals 
Treatment Sludge 0006-0009, stabilized with cement or other may be contained in the treated sludge 

P015 appropriate sorbent prior to which is in the form of a solid dry 
packaging. monolith, highly viscous gel-like 

material, or dry crumbly solid. 
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TABLE 13-1 (CONTINUED) 
SUMMARY OF WASTE GENERATION PROCESSES AND WASTE FORMS 

Waste Hazardous Description of Description of 
Category Waste Codes Processes Waste Form 

Organic Liquid and F001, F003 Organic liquids such as oils, Solvents and metals may be present 
Sludge solvents, and lathe coolants are within the matrix of the solids created 

immobilized through the use of through the immobilization process. 
various solidification agents or 
sorbent materials. 

Solidified Liquid F001, F003, Liquids that are not compatible with Solvents and metals may be present 
D006, D008 the primary treatment processes and within the matrix of the solids created 

have to be batched. Typically these through the immobilization process. 
liquids are solidified with portland or 
magnesium cement. 

Inorganic Process F001, F002, Solids that cannot be reprocessed or Solvents and metals may be present 
Solids and Soil F003, D008 process residues from tanks, within the matrix of the solids created 

firebrick fines, ash, grit, salts, metal through the immobilization process. 
oxides, and filter sludge. Typically 
solidified with portland or gypsum-
based cements. 

Pyrochemical Salts D007 Molten salt is used to purify Residual metals may exist in the salt 
plutonium and americium. After the depending on impurities in the 
radioactive metals are removed, the feedstock. 
salt is discarded. 

Cation and Anion D008 Plutonium is sorbed on resins and is Feed solutions may contain traces of 
Exchange Resins eluted and precipitated. solvents or metals depending on the 

preceding process. 
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SECTION 14.1 

INFORMATION REGARDING DISPOSAL ROOM CLOSURE 



.... 

Sandia National Laboratories 
date: May 28, 1993 Albuquerque. New Mexico 87185 

to: D. R. Anderson, 6342 

~?l(.,IJ;:U;_ e .~.~ 
from: B. M. Butcher, R. C. Lincoln, 6345 

subject: Completion of milestone DR11M, S/31/93, which states that a method will be provided to PA 
for defining the effects of human intrusion from the porosity surface data (no brine flow); 
WBS 1.1.1.2.3. 

Summary: 

A preliminary method for defining the effect of a human intrusion on the post-intrusion 
closure history of a disposal room containing backfill and waste was proposed in the 
memorandum from B. M. Butcher to R. C. Lincoln, October 26, 1992. Additional 
calculations have shown this approach to be only partially correct; the refinements described 
this memorandum show that the estimated post-intrusion closure history is simpler than was 
previously presented. In fact, if the assumption is made that gas pressurization of the 
repository is not likely to increase much above lithostatic pressure because of fracturing of the 
interbeds, then the PA assumption that the room porosity remains constant is considered an 
adequate approximation of post-intrusion closure. 

Elastic-plastic Waste TeSQODSe; 

The mechanical responses of wastes stored in the WIPP repository are modeled as elastic
plastic materials in numerical closure analyses. This feature of material response is neglected 
in the preliminary human intrusion model. Justification for modeling waste as elastic-plastic is 
derived from the compaction response of the various waste materials. 

Experimental compaction loading-unloading curves for the principal waste components are 
shown in Figures 1 to 4. These curves have the common characteristic of different response 
during unloading than during loading. Density changes caused by unloading are very much 
smaller than density changes caused by compaction, particularly when the sample is still under 
an appreciable load. In addition, reloading after unloading, though not shown, is known to 
proceed up along a path much closer to the unloading curve than along the original 
compaction curve. This observation is approximated in the waste compaction model by 
assuming that the response of the waste during unloading/reloading is elastic, and therefore 
that the strains associated with the expansions are small. Any hysteresis in 
unloading/reloading paths is also neglected. 

The reason the previous model of closure after human intrusion was partially in error was 
because it did not recognize the way the waste responds during unloading. Suppose, for 
example, the waste material has been compacted to a given maximum stress level. At this 
point, The stress is removed from the material unloading it elastically. It is important to 
remember in the discussion that follows that any additional irreversible compaction of the 
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waste is possible only when the load on the waste exceeds the previous maximum stress level 
that produced compaction. 

Now consider gas pressurization in a disposal room within WIPP. Initially compaction of the 
waste occurs as the room closes, but if sufficient room pressurization occurs, a minimum in 
the closure curve (porosity v t~e) is reached. With additional generation of gas, the room 
starts to expand. Recognizing that the waste acts as a skeletal framework having the gas 
contained in the interconnected space within it, the minimum in the closure curve is associated 
with the maximum stress that the waste can support without continued irreversible 
compaction. 

To proceed one step further, the maximum load the waste has to eventually support if no gas 
were present would be the overburden load. A corollary is that because the room is closing 
very slowly, the sum of the stress supported by the waste and the gas pressure is usually close 
to the overburden load. This means that the waste supports part of the load, and the gas 
supports the remainder of the load required to hold the ceiling up. If additional gas is now 
generated and gas pressure increases, the waste does not have to support as large a portion of 
the load, and it begins to unload. The extreme would be when the gas pressure increases to 
lithostatic, when contact between the backfill and the ceiling is lost and a gap forms. In this 
circumstance the waste is almost completely unloaded. If, on the other hand, the gas pressure 
falls below the level that existed at the minimum, then the load on the waste will exceed the 
previously established level for irreversible compaction, and compaction will begin again. 

A diagram of the tradeoff between gas pressure and the load supported by the waste is shown 
in Figure S. In the top figure, the backfill and waste are in contact with ceiling, and supports 
some overburden load. The portion of the load supported by the waste and backfill depends 
on the gas pressure. In the bottom figure, contact has been broken and the ceiling is held up 
by the gas pressure alone. These features of room closure are the reason closure after an 
intrusion cannot be computed by the method described in the previous memorandum. 

Human lnttusion Closure Historie., 

A) Definition of the boundary of a disposal room 

The boundary of the disposal room is defined as the heavy line shown in Figure 6. We 
assume that gas can flow through this boundary at any time during closure, so that the fi2Qlll 
is not sealed. When a specific quantity of gas is considered, it is the amount of gas within the 
boundary. All excess gas is assumed to flow out into additional gas storage volume, such as 
might exist within the interbeds. In addition the assumption is made that the external gas 
storage reservoir is in pressure equilibrium with the room pressure. The assumption that gas 
escaping through the boundary (such as into the interbeds) does not influence the closure 
process is considered reasonable. 

B) Assumed Sequences of Gas Generation: 

The porosity surface is used to explore the consequences of various gas generation 
assumptions. The following gas generation sequence will be used for the examples that 
follow. The method to be described is not limited to this sequence, but is applicable to any 
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other sequence that can be represented as a path on the porosity surface. 

Description 

0 - 550 gas generation at 1.36 x 10' moles/year/room (2 
moles/drum/year). 

550 - 1000 gas generation at 0.68 x 10' moles/year/room (1 
mole/drum/year). 

1000 human intrusion: gas pressure decrease to 7. 7 MPa. 

1000 - 1050 gas generation at 1 mole/drum/year. 

1050 - 1425 gas leakage at 680 moles/year/room (0.1 mole/drum/year). 

1425 - 2500 gradual increase in pore pressure (gas + brine, until it 
becomes equal to the far-field pore pressure. 

In this sequence, 7. 7 MPa is the hydrostatic pressure of brine at the repository horizon, and 
10 MPa is assumed to be the far-field pore pressure. 

The reader is again reminded that these assumptions do not necessarily represent the total 
amount of gas that is produced, but instead the amount of gas that remains in the room. 

C) Post-Intrusion Histories 

Two different cases are examined in the following discussion to illustrate how compaction of 
the waste controls the response of the waste. Case 1, where the gas pressure in the room is 
allowed to exceed lithostatic pressure, is presented first because it is easier to explain. 
However, it is not now considered typical of room closure. In addition, SANTOS results are 
available that permit a direct comparison of porosity surface estimates for Case 1 with 
computational results obtained from the disposal room model. Case 2 is considered the more 
likely response of the disposal room. Gas pressure within the room is limited in Case 2 to 
14.8 MPa, to simulate opening of fractures in the interbeds at lithostatic pressure. The results 
for this case show that while the response is more complicated than that of Case 1, the 
estimated response of the room after intrusion is closer to the assumption made for .the 
Preliminary Performance Assessment for WIPP, December 1992. This assumption was that 
closure completely stops after a human intrusion. 

1) Case 1: Pressure in the room exceeds lithostatic pressure. 

Case 1 represents the closure history when the pressure in the room was allowed to exceed 
lithostatic pressure. For this case, the gas generation history was modified slightly from the 
full sequence by omitting any leakage after 1050 years. With this simplification, the gas 
sequence was an exact duplicate of the assumptions for one of the SANTOS human intrusion 
calculations. Figure 7 illustrates the closure history derived from the porosity surface. 

3 
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Significant events before and after the intrusion in Figure 7 are marked with letters and are 
described next. Gas generation and pressurization histories are shown in Figures 8 and 9. 

(1) Point H: After waste emplacement, the disposal room closes until equilibrium is 
reached between the gas pressure and the waste/backfill compaction. If the amount of 
gas is insufficient, this condition may never occur, but if it does, a minimum occurs 
in the porosity history curve (Figure 7). For this case the minimum occurs at 200 
years and corresponds to an average porosity of 38.14~. and a gas pressure of 8.87 
MPa. The number of moles of gas is 2. 7 • 107 moles/room. The minimum represents 
the time when the combined backstress exerted by the waste skeleton and the gas is 
approximately equal to the load exerted on the disposal room boundary by the 
overburden. In addition, continued compaction will occur only when the load 
supported by the waste at this time is exceeded. The SANTOS curve in Figure 7 is 
different from the porosity surface prediction, because the SANTOS calculation was 
more recent than the calculations used to construct the porosity surface, and contains 
improvements that were not previously available. A new surface needs to be 
constructed that includes these improvements. 

(2) Segment H-1: Additional gas is now generated and gas pressure within the room 
continues to increase to lithostatic pressure at Point I. The simplest interpretation of 
the elastic-plastic response of the waste would suggest that the porosity remain 
constant during this segment, but the more exact calculation shows a slight increase. 

(3) 

(4) 

Segment 1-J: Contact between the waste, backfill and the ceiling (back) of the room is 
broken at point I and a gas-tilled cavity or plenum is created above the waste as the 
disposal room continues to expand. The waste supports little or no load when the gas 
pressure is equal to lithostatic pressure, as will be evident from the discussion of Case 
~ -

Point J: The assumption of human intrusion at this time is that the gas pressure within 
the disposal room almost instantaneously drops to a lower pressure. A pressure of 7. 7 
MPa was assumed for this calculation. Before the intrusion, the average porosity of 
the room was S0.72~. the gas pressure was 20.58 MPa, and the number of moles of 
gas was 10.S • 107 moles/room. After the intrusion, the number of moles of gas was 
4.0•107

, still above the gas content at the minimum porosity of 2.7•107 moles/room. 
Gas is still being generated. 

(S) Segment J-L: The waste continues to reload as the porosity decreases because of the 
drop in pressure caused by the intrusion. 

(6) Point L: Gas generation ceases. 

(8) Point N: The porosity of the room bas dropped to the minimum porosity value of 
38.14, and thereafter will remain constant because the room contains more gas than 
existed at Point H. No leakage was allowed in this example, but bad leakage been 
postulated, the gas content in the room would eventually drop below the content at 
point H, and compaction would again begin. 
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2) Case 2: Pressure in the room limited to lithostatic pressure. 

Figure 10 illustrates the closure history derived from the porosity surface for the prescribed 
gas generation history, assuming that gas pressure within the room never gets any higher than 
lithostatic pressure. Significant events before and after the intrusion in Figure 10 are marked 
with letters and are described next. Gas and pressurization histories are shown in Figures 8 
and 11. 

(1) Point H: Conditions at this point are the same as for Case 1. We assume that after 
waste emplacement the disposal room ~ntinues to close until gas pressurization 
becomes sufficient to prevent additional decrease in porosity. For this case, as for 
Case 1, the minimum occurs at 200 years and corresponds to an average porosity of 
38.14%, and a gas pressure of 8.87 MPa. The number of moles of gas is 2.7•107 

moles/room. The minimum represents the time when the combined backstress exerted 
by the waste skeleton and the gas is equal to the load exerted on the disposal room 
boundary by the overburden. Continued compaction will occur only when the load 
supported by the waste at this time is exceeded. 

(2) Segment H-1: Additional gas is generated and gas pressure within the room continues 
to increase until lithostatic pressure is reached. As the pressure increases, the load 
supported by the waste-backfill skeleton decreases until it becomes almost 0 at 
lithostatic pressure (Figure 11). The increase in strain in the waste during unloading is 
considered insignificant. 

(3) Point I: The pressure of the gas in the room reachs lithostatic pressure, the porosity is 
39 .17 % and the quantity of gas is 4. 7 • 107 moles/room at 350 years. 

(4) Segment 1-J: The contact between the waste, backfill and the ceiling (back) of the 
room may be broken at Point I, depending on how far the room pressure gets above 
lithostatic pressure. Whether or not contact with the back is lost at Point I is 
unimportant, however, because there will be no significant room expansion. A much 
more important observation is that at Point I the waste supports little or no load 
during the time the gas pressure is equal to lithostatic pressure (Figure 11). 

A critical assumption in deriving this part of the path from the porosity surface is that 
the room porosity will remain constant, because the pressure remains constant. In 
contrast, the SANTOS solution for this segment will probably show that the porosity 
is slowly changing because of backfill creep consolidation and/or changes in the stress 
gradients within the halite adjacent to the rooms. No SANTOS results are presently 
available to confirm this conclusion, but this feature of closure will be explored in 
greater detail in future calculations. 

(S) Point J: We assume that a human intrusion occurs at this time, which almost 
instantaneously drops the gas pressure in the disposal room to a lower pressure. A 
pressure of 7. 7 MPa was assumed. The waste reloads as the drop in pressure occurs, 
but not necessarily to the load that it supported at Point H. Before the intrusion, the 
average porosity of the room was 39.17%, the gas pressure was 14.8 MPa, and the 
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number of moles of gas was 4.7•107 moles/room. After the intrusion, the number of 
moles of gas was 2.5•107

, below the gas content at the minimum porosity of 2.7•107 

moles/room. If a gas-filled cavity existed in the room prior to the intrusion, this 
cavity would first close before any load was taken up by the waste, as was illustrated , , 
in Case 1. 

(6) Segment J-K: After the human intrusion, the amount of gas in the room drops briefly 
below the amount of gas at Point H, the previous minimum. 

\1) Point K: A new minimum in porosity is established as gas generation continues. The 
quantity of gas in the room at 1015 years has increased to 2.6 • 107 moles/room and is 
still increasing. The porosity of the room constant at 38.01 fa. 

(8) Segment K-L-M: The porosity of the room remahw constant. 

(9) Point L: Gas generation ceases at 1050 years, after which gas begins leak out of the 
room. The room porosity remains constant because the amount of gas within the room 
is greater than the amount of gas at greatest compaction, Point K. 

(10) Point M: Conditions in the room have returned to exactly the same conditions as 
encountered at the previous point of greatest compaction at Point K, and compaction 
begins again. Point M occurs at 1325 years 

(11) Segment M-N: Gas pressure in the room drops continuously because of the leakage, 
accompanying by continued compaction of the waste. 

(12) Point N: The sum of the stress supported by the waste and the gas pressure is equal to 
the overburden and the porosity of the room has dropped to 36.6% after 1430 years. 
After point N, the porosity path is speculative and must be determined by two-phase 
flow analysis. 

3) Discussion of Case 2 

The assumption made by PA for the 1992 comparison was that closure completely stopped 
after a human intrusion even if the pre-intrusion pressurized state of the repository was above 
lithostatic pressure: i.e. upon release of gas, the pressure was assumed to drop to a pressure 
characteristic of the drilling fluid at constant porosity, which for this case is the porosity at 
Point J of 39.2%. The porosity was assumed to remain at this value as time increased. 

The 1993 PA calculations are eipected to show that gas pressure within the repository is 
limited to around lithostatic pressure because of incorporation of the interbed fracture model. 
Therefore, Case 2 is considered a good representation of the anticipated response of the 
disposal room. Instead of remaining constant after the intrusion, however, the porosity surface 
prediction for Case 2 shows that the porosity drops very gradually to 36.6fa and then remains 
constant. Since (1) the additional change in porosity after the human intrusion estimated from 
the porosity surface prediction is only 2.6%, and (2) because this difference is likely to be of 
the same order of magnitude as the uncertainty of the porosity surface, we conclude that for 
the conditions examined in this analysis the assumption of constant porosity after the intrusion 
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is a suitable approximation of room response. The small difference between the porosity 
surface results and the PA assumption represents the difference between the porosity at the 
minimum porosity point and the porosity when lithostatic pressure is reached. Since the 
closure history in this region is slowly changing, a relatively small difference is to be 
expected for all gas pressurization conditions that eventually reach lithostatic pressure. 

As a further check on the generality of the observations from Case 2, the calculation was 
repeated, assuming 1/5 the gas generation rates assumed for the Case 2 calculation, with gas 
generation over 1050 years. This assumption is thought to be close to the lower bound of 
expected response, that of insignificant or no gas generation. The results in Figure 12 show 
that even less change in porosity was observed after the intrusion than for Case 2. The reason 
for this response was that there was insufficient gas produced at these rates to permit much 
release during the intrusion, and the disposal room under these conditions is essentially 
unaffected by it. 

Justification for the proposed method for definine; the effects of human intrusion from porosity 
surface data 

Although relatively few calculations have been completed to support the conclusion that little 
porosity change occurs after a human intrusion when gas pressures are limited to lithostatic 
pressure, it is considered to be fairly general. Several parameters dominate response. 

First, the response of the disposal room in Case 2 is controlled by the amount of gas that can 
be stored in the room when the gas pressure reaches lithostatic pressure, which is largely 
independent of the total potential for gas production: the gas storage volume depends on the 
initial reversal point or minimum in the porosity versus time curve, assuming that enough gas 
is generated to produce such response. The parameters for this point are more sensitive to the 
rate of gas generation than the gas generation potential. Thus, the conditions examined in 
Case 2 are considered to be very severe because they represent a more rapid rise in gas 
pressure than is observed from most of the compliance calculations. Lesser rates produce 
lower values of the initial minimum porosity, and less gas available for release during the 
intrusion to cause additional closure. 

The hydraulic pressure exerted by the drilling fluid is another parameter influencing the state 
of the repository after an intrusion: the gas pressure depends entirely on the hydraulic 
pressure exerted by the drilling fluid, and is independent of any prior pressurization history. 

In summary, according to the simple method presented in this memorandum, if (1) values for 
these parameters are known; and (2) the gas pressure is known to never increase much above 
lithostatic pressure, then (3) the state of the repository after an intrusion is defined, without 
the need for any additional knowledge of prior closure history, and (4) the constant porosity 
assumption can be used. If a limit on the gas pressure is not imposed, then it is sufficient to 
·keep track of the minimum porosity condition as closure proceeds, and estimate post-intrusion 
closure as described for Case 1. 
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SECTION 14.2 

SALADO PERMEABILITIES 

The following information represents the currently available database on Salado characteristics important 
to the discussion of panel and final facility closure performance. These data are what are being used in 
the calculations being performed for the no-migration variance petition. 



Parameter(s): Halite Permeability 

Parameter Description: 

Intrinsic permeability of Salado Formation halite, interbeds, polyhalite, and other materials 
jointly represented as 'halite' in the BRAGFLO discretization. 

Material and Parameter Name(s): 

S_HALITE PRMX_LOG (#547) 
S_HALITE PRMY_LOG (#548) 
S_HALITE PRMZ_LOG (#549) 

The permeability parameters for halite (S_HALITE - PRMX_LOG, PRMY_LOG, and 
PRMZ _LOG) are assigned the same value in performance assessment based on LHS 
sampling of S _HALITE PRMX _LOG. 

I Computational Code(s): BRAGFLO 

I Parameter Values for Model Input: 

mean median I low hi~h units 
-20.69 -21.0 I -24.o -20.0 log(mA2) 

CDFGraph 

Cumulative DlstrtbuUon F1.11ct1on 

• 0 

;! 

-2400E+01 ·2.35lEt01 ·23CDEtOI ·225'.>Ef01 ·2200Et01 ·215lE+Ot -21CXEt01 ·205let01 -200JE+01 

Value of PRMX_LOG • units= log(m""2) for S_HALITE 
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Parameter(s): Halite Permeability 

Parameter Sensitivity: 

1992: 40 CFR 191: Very Important 
1992: Undisturbed: Important 
1991: Important 

Both 1992 sensitivity analyses grouped sampled parameters according to four sensitivity 
criteria: Critically Important, Very Important, Important, and Less Important. In 
contrast, the 1991 analyses grouped sampled parameters according to three sensitivity 
criteria: Important, Small Effects Observed, and Little or No Effects Observed. The 1992 
40 CFR 191 determination is contained in: WIPP Performance Assessment Department, 
1992, Preliminary Performance Assessment for the Waste Isolation Pilot Plant, 
December 1992 - Volume 4: Uncertainty and Sensitivity Analyses for 40CFR191, 
Subpart B. SAND92-0700/4. Albuquerque, NM: Sandia National Laboratories. The 
1992 undisturbed determination is contained in: WIPP Performance Assessment 
Department, 1992, Preliminary Performance Assessment for the Waste Isolation Pilot 
Plant, December 1992 - Volume 5: Uncertainty and Sensitivity Analyses for Gas and 
Brine Migration for Undisturbed Performance. SAND92-0100/5. Albuquerque, NM: 
Sandia National Laboratories. The 1991 determination is contained in: Helton, J.C., J.W. 
Gamer, RP. Rechard, D.K. Rudeen, and P.N. Swift, 1992. Preliminary Comparison with 
40 CFR Part 191, Subpart B for the Waste Isolation Pilot Plant, December 1991 - Volume 
4: Uncertainty and Sensitivity Analysis Results. SAND91-0893/4. Albuquerque, NM: 
Sandia National Laboratories. 

Data: 

Permeability data for non-interbed intervals of the Salado Formation have been obtained 
through interpretation of flow and pressure tests conducted in-situ in boreholes in several 
locations around the undergound excavation. See references and attached data summary 
and memorandum. Figure 1 has been attached as a key to assist the reader in 
understanding the data provided in the data summary. 

Discussion: 

The stratigraphy represented by the material 'halite' in the BRAGFLO discretization 
includes pure halite, impure halite, polyhalite, clay, anhydrite interbeds not explicitly 
represented, and other materials in small quantities. 'Halite' is assigned a range of 
permeability values comparable to those interpreted from in-situ permeability testing for 
impure halite. The actual range used in this performance assessment is based on the 
outcomes of experimental activities which have not been completed. The range to be used 
in CCA calculations will be described and documented in the CCA. 

2 



Parameter(s): Halite Permeability 

Reference(s): 

Beauheim, R.L., G .J. Saulnier, Jr., and J .D. A vis. 1991. Interpretation of Brine
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant 
Site: First Interim Repon. SAND90-0083. Albuquerque, NM: Sandia National 
Laboratories. 

Beauheim, R.L., R.M. Roberts, T.F. Dale, M.D. Port, and W.A. Stensrud. 1993. 
Hydraulic Testing of Salado Formation Evaporites at the Waste Isolation Pilot 
Plant Site: Second Interpretive Repon. SAND92-0533. Albuquerque, NM: 
Sandia National Laboratories. 

Deal, D.E., R.J. Abitz, D.S. Belski, J.B. Case, M.E. Crawley, R.M. Deshler, P.E. 
Drez, C.A. Givens, R.B. King, B.A. Lauctes, J. Meyers, S. Niou, J.M. Pietz, W.M. 
Roggenthen, J.R. Tyburski, and M.G. Wallace. 1989. Brine Sampling and 
Evaluation Program 1988 Repon. DOE/WIPP 89-015. Carlsbad, NM: 
Westinghouse Electric Corporation. 

Domski (1994) [attached] 

Jensen, A.L., CJ., Howard, R.L. Jones, and T.P. Peterson. 1993. Room Q Data 
Repon: Test Borehole Data from April 1989 through November 1991. SAND92-
1172. Albuquerque, NM: Sandia National Laboratories. 

Saulnier, Jr., G.J., P.S. Domski, J.B. Palmer, R.M. Roberts, and W.A. Stensrud. 
1991. WIPP Salado Hydrology Program Data Repon #1. SAND90-7000. 
Albuquerque, NM: Sandia National Laboratories. 

Stensrud, W.A., T.P. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Port, and 
G.J. Saulnier, Jr. 1992. Waste Isolation Pilot Plant Salado Hydrology Program 
Data Repon #2. SAND92-7072. Albuquerque, NM: Sandia National 
Laboratories. 

Westinghouse Electric Corporation. 1989. geotechnical Field Data and Analysis Report, 
June 1987-June1988. DOE/WIPP 89-009. Carlsbad, NM: Westinghouse Electric 
Corporation. Vol. 2. 
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Parameter(s): Halite Permeability 

I Parameter Value and Rank by Vector from Latin Hypercube Sampling: 

run value rank 
l -20.03 40 
2 -21.85 15 
3 -23.57 3 
4 -20.64 28 
5 -20.56 29 
6 -20.71 26 
7 -20.91 22 
8 -22.12 13 
9 -22.74 9 
10 -22.99 7 
11 -20.47 31 
12 -22.49 11 
13 -22.85 8 
14 -21.99 14 
15 -22.54 10 
16 -21.04 20 
17 -20.05 39 
18 -22.28 12 
19 -20.24 36 
20 -20.78 25 
21 -21.68 16 
22 -21.17 19 
23 -20.42 32 
24 -23.26 5 
25 -20.68 27 
26 -20.19 37 
27 -20.3 34 
28 -20.37 33 
29 -20.87 23 
30 -23.81 2 
31 -20.12 38 
32 -21.41 18 
33 -21.57 17 
34 -20.54 30 
35 -20.82 24 
36 -20.98 21 
37 -23.97 1 
38 -23.53 4 
39 -20.26 35 
40 -23.15 6 
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Parameter(s): Halite Permeability 

Data Summary of Test-Interpretations Results from In Situ 
Permeability and Pore Pressure Tests 

TEST HOLE ZONE MAP UNIT TEST ANALYSIS AVERAGE FOR-
INTERNAL :METHOD PER:MEAB- MATION 
(METERS ILITY PORE 

FROM K PRESS-
EXCAVATION) (m') URE 

Pr 
l'Ml>a) 

8.63-10.06 L4P51-B test anhydrite •c• PB Intcrprct/2 5.lxlO""' 5.17 

all GTFM 6.4xl0·"' 5.21 

6.15-1.19 guard H-2 SI - - >3.25 

4.14-5.56 L4P52-A test anhydrite •a• PB Intcrprct/2 6.4xl0""' 6.50 

all GTFM 6.0xlO""' 6.15 

2.27-3.32 guard anhydrite 'b' SI - - >3.25 

8.70-10.15 SIP71-B test anhydrite •c• all GTFM 8.0x10·"' 5.12 

6.82-7.87 guard H-2 SI - - >4.2 

2.15-3.18 SlP72-A guard O,PH-4 all GTFM l.8xl0 ... 4.08 

3.38-4.80 SlP73-A test anhydrite •a• SI - - 0 

0.85-2.49 guard anhydrite 'b' SI - - 0 

9.92-11.32 SlP73-B test MB138 PW2 type curve 4.9xlO""' -

CPW type curve l.8xl0""' -

PB Intcrprct/2 4.9x10·"' 4.29 

all GTFM 4.9xl0""' 4.37 

8.04-9.09 guard AH-I SI Homer - 2.55 

10.68-15.39 SCPOl-A test MB139 CPW2 type curve 5.8xl0""' -

PB2 Intcrprct/2 5.lxlO""' 12.40 

all GTFM 7.lxlo·"' 12.55 

2.09-5.58 C2H01-A test 0-5 all GTFM 9.lxlO ... 0.54 

test 4-5 all GTFM 3.5x10·'" 0.56 

4.50-5.58 C2HOl-B test 0 all GTFM 6.9x10·" 3.22 

2.92-4.02 guard 0-4 GTFM 2.5xl0" .. 4.17 

6.63-8.97 C2HOl-C test MB139 all GTFM l.2xlO"'" 8.16 

9.47-10.86 C2H02 test MB139 all GTFM l.Ox!O"'' 9.43 

5 

DATA INTERPRE-
REF. TATION 

REFERENCE 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

a b 

c d 

c d 

c d 

c d 

c d 

c d 



Parameter(s): Halite Permeability 

7.76-9.14 C2H03 

3.33-4.75 L4P51-A 

3.74-5.17 SOPOl 

1.86-2.91 

3.12-4.56 SlP71-A 

24.49-26.37 QPPOl 
(12.3f. 

23.20-24.05 QPP02 
(6.2) 

22.45-23.35 QPP03 

(2.9) 

23.69-24.54 QPP04 
(1.9) 

22.08-22.98 QPP05 

(0.8) 

25.29-26.64 QPPll 

(12.3) 

23.35-24.20 QPPl2 

(6.2) 

22.54-23.44 QPP13 
(3.3) 

22.35-23.20 QPP14 

(2.1) 

22.14-23.04 QPPl5 

(1.0) 

23.18-24.54 QPP21 
(12.0) 

22.25-23.10 QPP22 
(5.9) 

21.99-22.89 QPP23 
(3.0) 

22.01-22.86 QPP24 
(1.6) 

21.96-22.86 QPP25 
(1.0) 

Key: PB = Pressure-buildup test 
SI = shut-in presmre buildup 
PW = pulae-withdrawal test 

test 

test 

test 

guMd 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

test 

CPW = constant-pressure withdrawal test 
*=before mining of Room Q 
•• =after mining of Room Q 

9 all GTFM <10"" 

PH-3,clayD all GTFM 7.9xlO"" 

PH-3,clayD all GTFM 1.lxlO"w 

MB139 all GTFM 7.4x10·11 

PH-3,clayD all GTFM 7.0x1o·w 

MB138 all GTFM 8.4x10·-

12-13 all - ? 

anhydrite 'b' all GTFM 7.8xlO''''" 

anhydrite 'b' all GTFM 7.8xlo·m· 

6-7 all - ? 

6 all GTFM 3.6xl0 . ., 

6 all GTFM 4.lx10·-

HI all GTFM 5.3xlO""" 

HI . - . 

H3 all GTFM 2.7xl0"". 

H3 all GTFM 2.7x10·~-

MB139 all GTFM 7.3x10·-

MB139 all GTFM 2.lxlO . .,. 

MB139 all GTFM 2.0xlO""' .. 

O-PH4 all GTFM 1.lxlO"".-

O-PH4 all GTFM 3.lxlO"" .. 

2-3 all GTFM 8.8xl0".,. 

2-3 all GTFM l.5xl0 ... 

3 all GTFM l.3xl0"" .. 

3 all GTFM l.2xl0"-

1-2 . - ? 

2-3 all GTFM 7.0xlO ... 

6 

? c d 

2.81 c d 

4.52 c d 

0.56 c d 

3.01 c d 

10.4"" c f 

? c f 

12.4 c f 

6.9'' c f 

? c f 

6.5 c f 

0.3 .. c f 

SS c f 

7.4 c f 

9.6 c f 

9.6"" c f 

8.1-- c f 

8.0 c f 

8.0-- c f 

1.5 c f 

3.1 .. c f 

3.9 c f 

5.o·· c f 

3.2"" c f 

3s· c f 

? c f 

2.2-- c f 



Parameter(s): Halite Permeability 

a= Stensrud, W.A, T.F. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Fort, G.J. Saulnier, Jr., and AL Jensen. 1992. Waste 
Isolation Pilot Plant Salado Hydrology Program Data Report #2. SAND92-7072. Albuquerque, NM: Sandia National Laboratories. 
b = Beauheim, R.L., R.M. Roberts, T.F. Dale, M.D. Fort, and W.A Stensrud. 1993. Hydraulic Testing of Salado Formation Evaporites 
at the Waste Isolation Pilot Plant Site: Second Interpretive Report. SAND92-0S33. Albuquerque, NM; Sandia National Laboratories. 
c =Saulnier, G.J., Jr., P.S. Domski, J.B. Palmer, R.M. Roberts, W.A Stensrud, and AL Jensen. 1991. WIPP Salado Hydrology 
Program Data Report# 1. SAND90-7000. Albuquerque, NM: Sandia National Laboratories. 
d = Beauheim, R.L, G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-Permeability Tests of the Salado Formation at the 
Watste Isolation Pilot Plant Site: First Interim Report. SAND90-0083. Albuquerque, NM: Sandia National Laboratories. 
e =Jensen, AL, C.L Howard, R.L Jones. and T.P. Peterson. 1993. Room Q Data Report: Test Borehole Data from April 1989 
through November 1991. SAND92-ll 72. Albuquerque, NM: Sandia National Laboratories. 
f= Domski, June 29, 1994. Memo 
*** = Approximate post-mining distance from Room Q to test interval. 
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HALITE {MAP UNIT H-1) 
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EXPLANATION 

ROCK TYPE 
~ 
I.ill 

HAUTE ANHYDRITE POLYHAUTIC ARGILLACEOUS 

NOTES: 

HAUTE HAUTE 

ACCESSORY CONSTITUENTS 

POLYHAUTE 

ARGILLACEOUS 
MATERIAL 

CLAY SEAM 
>0.6 cm THICK 

ANHYDRITE 
STRINGERS 

LITHOLOGIC CONT ACTS 

E - -:I E----3 
SHARP GRADATIONAL DIFFUSE 

1. DISTANCES IN METERS ARE MEASURED FROM 
THE BASE Of ANHYDRITE "b"(CLAY G) AND ARE 
AVERAGED FROM REPRESENTATIVE COREHOLE 
LOGS, SHAFT AND TEST-ROOM MAPPING. ACTUAL 
DISTANCE AND UNIT THICKNESSES MAY VARY 
LOCALLY FROM THOSE SHOWN. 

2. DESCRIPTIONS or UNITS ARE BASED ON 
COREHOLE DATA, SHAFT MAPPING AND VISUAL 
INSPECTION OF EXPOSURES IN UNDERGROUND 
DRIFTS AND ROOMS. 

ADAPTED FROM WESTINGHOUSE ( 1 989} 
AND DEAL ET AL ( 1989) 

DATE: 03-11/92 

REF: LEE/UGSTRATI /59 

Figure 1. Detailed Stratigraphy Near the WIPP Underground Facility. 



date: 

to: 

from: 

subject: 

Sandia National Laboratories 

;..JbuQueroue. New Mexico 87185 

June 29. 1994 

Rick Beauheim/SNL 

Paul S. Domski/INTERA Inc. , ~ 

Room Q Pore Pressure Borehole Formation Parameter Estimates 

Attached are two tables which contain the final formation parameter estimates 
based on data collected from 1989 to 1992 in the Room Q pore pressure 
boreholes. I've included parameter estimates from the period before mining 
(Table 1), as well as for the period following mining (Table 2). The test-zone 
geology for QPP12 - QPP15 was based on video log information provided to me 
by Fred Holzrner of INTERA Inc., the geology of the other boreholes was based 
on a cross section provided to me by Bob Jones of Tech Reps on 16 February 
1994. Call me if you have any questions. 
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Table 1 

ESTIMATED FORMATION PARAMETERS FOR THE PORE PRESSURE BOREHOLES SURROUNDING ROOM Q 
FOR THE PERIOD BEFORE MINING 

Contributing PRE-MINING 

Borehole Geology Thickness (m) T(m2/s) kh(m3) K(m/s) k(m2) Ss(1/m) S( - ) 

QPP01 MB138,AH2,H6 0.19 NA NA NA NA NA NA 

QPP02 MU12&13 NA NA NA NA NA NA 

QPP03 ANHY B, MU9 0.06 2.7E-14 4. 7E-21 4.SE-13 7.BE-20 1.0E-06 6.0E-08 -----
QPP04 MU6&7 NA NA NA NA NA NA 

QPPOS MU 6 0.90 1.8E-16 3.2E-23 2.0E-16 3.6E-23 4.0E-07 3.6E-07 
QPP11 H1 0.70 2.1E-15 3.7E-22 3.0E-15 5.3E-22 3.9E-06 2.7E-06 
QPP12 H3 0.85 1.3E-15 2.3E-22 1.5E-15 2.7E-22 2.5E-06 2.1 E-06 
QPP13 MB139, Clay E, H4 0.15 NA NA NA NA NA NA 
QPP14 PH4, MB139 0.85 1.0E-16 1.8E-23 1.2E-16 2.1 E-23 1.0E-06 8.5E-07 
QPP15 MU 0, PH4 0.90 5.4E-17 9.SE-24 6.0E-17 1.1 E-23 2.8E-08 2.5E-08 
QPP21 MU2&3 1.36 6.8E-16 1.2E-22 5.0E-16 8.8E-23 2.0E-06 2.7E-06 
QPP22 MU3 0.85 NA NA NA NA NA NA 
QPP23 MU3 0.90 NA NA NA NA NA NA 
QPP24 MU1&2 NA NA NA NA NA NA 
QPP25 MU2&3 0.90 NA NA NA NA NA NA 

c.:: 1---in1n" 
...- .... ... :. ~-. t"< ~ 11 ; F1.1l\ -, x; .--.. 

Pi(MPa) 

NA 
NA 

12.4 -----
NA 
6 5 
5.5 
9.6 
NA 
8.0 
7.5 
3.9 
NA 
NA 
NA 
NA 

' 



Table 2 

ESTIMATED FORMATION PARAMETERS FOR THE PORE PRESSURE BOREHOLES SURROUNDING ROOM 0 
FOR THE PERIOD FOLLOWING MINING 

Contributing POST-MINlt-JG 

Borehole Geology Thickness (m) T(m2/s) kh(m3) K(m/sl k(m2l Ss\1 !ml S( - l 
QPP01 MB138,AH2,H6 0.19 1.1E-13 1.6E-20 5.BE-13 8.4E-20 4.0E-06 7.6E-07 

QPP02 MU12&13 NA NA NA NA NA NA 
----

QPP03 ANHY B, MU9 0.06 2.7E-14 4.7E-21 -- 4.5E-13 7.BE-20 1.0E-06 6.0E-08 

QPP04 MU6&7 NA NA NA NA NA NA 

QPP05 MU6 0.90 2.7E-13 3.7E-20 3.0E-13 4.1 E-20 8.0E-06 7.2E-06 
QPP11 H1 0.70 NA NA NA NA NA NA 
QPP12 H3 0.85 1.3E-15 2.3E-22 1.SE-15 2.7E-22 2.5E-06 2.1 E-06 
QPP13 MB139, Clay E, H4 0.15 6.4E-14 1.1 E-20 4.3E-13 7.3E-20 4.0E-07 6.0E-08 

>---

QPP14 PH4, MB139 0.85 9.4E-17 1.7E-23 1.1E-16 2.0E-23 1.3E-06 1.1 E-06 
QPP15 MU 0, PH4 0.90 1.6E-15 2.8E-22 1.8E-15 3.1 E-22 2.BE-08 2.SE-08 
QPP21 MU 2 & 3 1.36 1.2E-14 2.1 E-21 8.8E-15 1.5E-21 1.0E-06 1.4E-06 
QPP22 MU3 0.85 6.4E-15 1.1E-21 7.5E-15 1.3E-21 3.1 E-06 2.6E-06 
QPP23 MU 3 0.90 6.3E-14 1.1 E-20 7.0E-14 1.2E-20 1.0E-08 9.0E-09 
QPP24 MU1&2 NA NA NA NA NA NA 
QPP25 MU2&3 0.90 3.6E-14 6.3E-21 4.0E-14 7.0E-21 1.0E-06 9.0E-07 

\j \j i {)1 \f 11" C' 

--

Pi(MPal 

10.4 
NA -----
69 
NA 
0.3 
7.4 
96 
8.1 
8.0 
3.1 
5.0 
3.2 
3.5 
NA 
2.2 

,( ... 



Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

Parameter Description: 

The intrinsic permeability of Marker Bed 138, Anhydrite Layers A&B, and Marker Bed 
139. 

Material and Parameter Name(s): 

S_ANH_AB 
S_ANH_AB 
S_ANH_AB 
S_MB138 
S_MB138 
S_MB138 
S_MB139 
S_MB139 
S_MB139 

PRMX_LOG 
PRMY_LOG 
PRMZ_LOG 
PRMX_LOG 
PRMY_LOG 
PRMZ_LOG 
PRMX_LOG 
PRMY_LOG 
PRMZ_LOG 

(#531) 
(#532) 
(#533) 
(#570) 
(#571) 
(#572) 
(#591) 
(#592) 
(#593) 

The values of intrinsic permeability along the principal ax.es of the BRAGFLO grid, in 
each of the three anhydrite material regions in the BRAGFLO model, are set equal to the 
value sampled for S_MB139 PRMX_LOG. 

l Computational Code(s): BRAGFLO 

I Parameter Values for Model Input: 

mean median low high units 
-16.87 -18.6 -21.0 -15.0 log(mA2) 
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Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

lcDFGraph 

CL1T1ulative Distribution FL11ction 

-20CXl801 -1.C5CXlE+01 

Vnlue of PRMX_LOG • 

Parameter Sensitivity: 

1992 40 CFR 191: Very Important. 
1992 Undisturbed: Very Important. 
1991: Small Effects Observed. 

-1.0CXl801 

units = log(mA2) 

1.00 

07!5 

02!! 

OCXXIEIOO 

for S_MB139 

Both 1992 sensitivity analyses grouped sampled parameters according to four sensitivity 
criteria: Critically Important, Very Important, Important, and Less Important. In 
contrast, the 1991 analyses grouped sampled parameters according to three sensitivity 
criteria: Important, Small Effects Observed, and Little or No Effects Observed. The 1992 
40 CFR 191 determination is contained in: WIPP Performance Assessment Department, 
1992, Preliminary Performance Assessment/or the Waste Isolation Pilot Plant, 
December 1992 - Volume 4: Uncertainty and Sensitivity Analyses/or 40 CFR 191, 
Subpart B. SAND92-0700/4. Sandia National Laboratories, Albuquerque,NM. The 1992 
undisturbed determination is contained in: WIPP Performance Assessment Department, 
1992, Preliminary Performance Assessment/or the Waste Isolation Pilot Plant, 
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Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

Parameter Sensitivity: continued 

December 1992 - Volume 5: Uncertainty and Sensitivity Analyses for Gas and Brine 
Migration for Undisturbed Performance. SAND92-0700/5. Albuquerque, NM: Sandia 
National Laboratories. The 1991 determination is contained in: Helton, J.C., J.W. 
Gamer, RP. Rechard, D.K. Rudeen, and P.N. Swift, 1992. Preliminary Comparison with 
40 CFR Part 191, Subpart B for the Waste Isolation Pilot Plant, December 1991 - Volume 
4: Uncertainty and Sensitivity Analysis Results. SAND91-0893/4. Albuquerque, NM: 
Sandia National Laboratories. 

Data: 

Salado Marker Bed permeabilities have been measured in-situ and in the laboratory. 
Summary data tables are attached for both in-situ and laboratory tests. Figure 1 has been 
attached as a key to assist the reader in understanding the data provided in the data 
summary. 

Discussion: 

The sampled range used here is based on an elicited outcome for a laboratory experiment 
(SAL 1, SPM-2 Vol. 2, page 54). This experiment will not be conducted. The range used 
here is not scaled for use in performance assessment and represents the range expected of 
a data distribution in laboratory results. Information obtained from in-situ testing has not 
been represented in this distribution. The range to be sampled in CCA calculations will be 
determined from field and laboratory experiments conducted to date and will be described 
in the CCA. 

Reference(s ): 

Beauheim, RL., G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant Site: 
First Interim Report. SAND90-0083. Albuquerque, NM: Sandia National Laboratories. 

Beauheim, RL., RM. Roberts, T.F. Dale, M.D. Port, and W.A. Stensrud. 1993. 
Hydraulic Testing of Salado Formation Evaporites at the Waste Isolation Pilot Plant 
Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National 
Laboratories. 
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Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

Reference(s): continued 

Deal, D.E., R.J. Abitz, D.S. Belski, J.B. Case, M.E. Crawley, RM. Deshler, P.E. Drez, C.A. 
Givens, R.B. King, B.A. Lauctes, J. Meyers, S. Niou, J.M. Pietz, W.M. Roggenthen, J.R. 
Tyburski, and M.G. Wallace. 1989. Brine Sampling and Evaluation Program 1988 Report. 
DOE/WIPP 89-015. Carlsbad, NM: Westinghouse Electric Corporation. 

Domski (1994) [see memo attached to Parameter Sheet :Halite Permeability] 

Howarth ( 1994) [attached] 

Jensen, A.L., C.I., Howard, R.L. Jones, and T.P. Peterson. 1993. Room Q Data Report: Test 
Borehole Data from April 1989 through November 1991. SAND92-l l 72. Albuquerque, NM: 
Sandia National Laboratories. 

Sandia National Laboratories. 1995. The Second Iteration of the Systems Prioritization 
Method: A Systems Prioritization and Decision -Aiding Tool for the Waste Isolation Pilot 
Plant, Volume II: Summary of Technical Input and Model Implementation for SPM-2, 
Final Report, Revision 1. Albuquerque, NM: Sandia National Laboratories. 

Saulnier, Jr., G.J., P.S. Domski, J.B. Palmer, R.M. Roberts, and W.A. Stensrud. 1991. WIPP 
Salado Hydrology Program Data Report #1. SAND90-7000. Albuquerque, NM: Sandia 
National Laboratories. 

Stensrud, W.A., T.P. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Port, and G.J. 
Saulnier, Jr. 1992. Waste Isolation Pilot Plant Salado Hydrology Program Data Report #2. 
SAND92-7072. Albuquerque, NM: Sandia National Laboratories. 

Westinghouse Electric Corporation. 1989. geotechnical Field Data and Analysis Report, 
June 1987-June1988. DOE/WIPP 89-009. Carlsbad, NM: Westinghouse Electric 
Corporation. Vol. 2. 
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Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

I Parameter Value and Rank by Vector from Latin Hypercube Sampling: 

run value rank 
1 -18.58 23 
2 -19.78 7 
3 -18.39 25 
4 -19.48 11 
5 -17.89 31 
6 -18.l 29 
7 -19.97 5 
8 -16.05 39 
9 -17.39 34 
10 -20.04 4 
11 -19.58 10 
12 -20.52 2 
13 -18.84 19 
14 -18.92 18 
15 -20.89 1 
16 -19.63 9 
17 -18.18 28 
18 -18.75 21 
19 -20.33 3 
20 -19.21 15 
21 -19.23 14 
22 -19.91 6 
23 -19.72 8 
24 -18.75 20 
25 -17.75 32 
26 -16.92 37 
27 -19.03 17 
28 -15.71 40 
29 -17.98 30 
30 -19.4 12 
31 -18.23 27 
32 -18.31 26 
33 -18.6 22 
34 -17.09 36 
35 -19.07 16 
36 -17.57 33 
37 -16.38 38 
38 -19.36 13 
39 -18.44 24 
40 -17.23 35 
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Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

Table 1. Summary of Test-Interpretations Results from In Situ 
Permeability and Pore Pressure Tests 

TEST HOLE ZONE MAP UNIT TEST ANALYSIS AVERAGE 
INTERNAL METHOD PER.MEAB-
(METERS Il..ITY 

FROM lC 
EXCAVATION) (m2) 

8.63-10.06 L4P51-B test anhydrite 'c' PB lntcrpret/2 5.lx!O .. "' 

all GTFM 6.4xlo·w 

6.75-7.79 guard H-2 SI - -

4.14-5.56 L4P52-A test anhydrite 'a' PB Intctpret/2 6.4xl0°"' 

all GTFM 6.0xlff"' 

2.27-3.32 guard anhydrite 'b' SI - -

8.70-10.15 SIP71-B test anhydrite 'c' all GTFM 8.0x10·"' 

6.82-7.87 guard H-2 SI - -
2.15-3.18 SIP72-A guard O,PH-4 all GTFM 1.8x10.,. 

3.38-4.80 SIP73-A test anhydrite 'a' SI - -

0.85-2.49 guard anhydrite 'b' SI - -
9.92-11.32 SIP73-B test MB138 PW2 type cwve 4.9xlff"' 

CPW type curve l.Bx!O."' 

PB Intctpret/2 4.9x1o·w 

all GTFM 4.9x10·"' 

8.04-9.09 guard AH-I SI Homer -
10.68-15.39 SCPOl-A test MBl39 CPW2 type curve 5.8x10·"' 

PB2 Intctpret/2 5.lxlo·"' 

all GTFM 7.lx!O."' 

2.09-5.58 C2HOl-A test 0-5 all GTFM 9.lxlo·" 

test 4-5 all GTFM 3.5x10·" 

4.50-5.58 C2H01-B test 0 all GTFM 6.9x10·" 

2.92-4.02 guard 0-4 GTFM 2.5x10·" 

6.63-8.97 C2HOl-C test MB139 all GTFM l.2xl0°" 

6 

FOR- DATA 
MATION REF. 

PORE 
PRESS-

URE 
Pr 

l'MPa) 

5.17 a 

5.21 a 

>3.25 a 

6.50 a 

6.75 a 

>3.25 a 

5.12 a 

>4.2 a 

4.08 a 

0 a 

0 a 

- a 

- a 

4.29 a 

4.37 a 

2.55 a 

- a 

12.40 a 

12.55 a 

0.54 c 

0.56 c 

3.22 c 

4.17 c 

8.16 c 

INTERPRE-
TATION 

REFERENCE 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

d 

d 

d 

d 

d 



Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

9.47-10.86 C2H02 

7.76-9.14 C2H03 

3.33-4.75 L4P51-A 

3.74-5.17 SOPOl 

1.86-2.91 

3.12-4.56 SlP71-A 

24.49-26.37 QPPOl 
(12.3)". 

23.20-24.05 QPP02 
(6.2) 

22.45-23.35 QPP03 

(2.9) 

23.69-24.54 QPP04 
(1.9) 

22.08-22.98 QPP05 

(0.8) 

25.29-26.64 QPPll 

(12.3) 

23.35-24.20 QPP12 

(6.2) 

22.54-23.44 QPP13 
(3.3) 

22.35-23.20 QPP14 

(2.1) 

22.14-23.04 QPP15 

(1.0) 

23.18-24.54 QPP21 
(12.0) 

22.25-23.10 QPP22 
(S.9) 

21.99-22.89 QPP23 
(3.0) 

22.01-22.86 QPP24 
(1.6) 

21.96-22.86 QPP25 
(1.0) 

Key: PB = Pressure-buildup test 
SI = shut-in pressure buildup 
PW = pulse-withdrawal test 

test MB139 

test 9 

test PH-3,clayD 

test PH-3,clayD 

guard MB139 

test PH-3,clayD 

test MB138 

test 12-13 

test anhydrite "b" 

test anhydrite "b" 

test 6-1 

test 6 

test 6 

test HI 

test HI 

test H3 

test H3 

test MB139 

test MB139 

test MB139 

test Q..PH4 

test Q..PH4 

test 2-3 

test 2-3 

test 3 

test 3 

test 1-2 

test 2-3 

all GTFM l.OxlO"" 9.43 

all GTFM <10·" ? 

all GTFM 7.9xl0" .. 2.81 

all GTFM l.lxlo·"' 4.52 

all GTFM 7.4x10·•• 0.56 

all GTFM 1.0x10·"' 3.01 

all GTFM 8.4xl0""'. 10.4 

all . ? ? 

all GTFM 7.8x10·"'· 12.4" 

all GTFM 7.8x10·"'"" 6.9 

all . ? ? 

all GTFM 3.6x10·~· 6.5 

all GTFM 4.lxlo·"'-- 0.3 .. 

all GTFM 5.3x1o·u· 5.5 

. . - 7.4"" 

all GTFM 2.7xl0"" 9.6 

all GTFM 2.7xlo·u· 9.6"" 

all GTFM 7.3x10·- 8.1 .. 

all GTFM 2.1x10·~ 8.0 

all GTFM 2.QxlQ"D .. 8.0 

all GTFM l.lxlO . .,. 7.5 

all GTFM 3.lxlo·u-- 3.1 .. 

all GTFM 8.8xl0"23
" 3.9 

all GTFM l.5xl0"" .. 5.0 .. 

all GTFM l.3x10··· 3.2"" 

all GTFM l.2xl0·- 3.r 

. - ? 1 

all GTFM 1.0x10· .... 2.2 .. 
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c d 

c d 

c d 

c d 

c d 

c d 

c f 

c f 

c f 

c f 

c f 

c f 

c f 

c f 

c f 

c f 

e f 

e f 

c f 

c f 

e f 

e f 

e f 

e f 

e f 

e f 

e f 

e f 



Parameter(s): Intrinsic Permeability of Marker Bed 138, 
Anhydrite Layers A&B, and Marker Bed 139 

CPW = constant-pressure withdrawal test 
•=before mining of Room Q 
.. =after mining of Room Q 
a= Stensrud, W.A, T.F. Dale, P.S. Domski, J.B. Palmer, RM. Roberts, M.D. Fort, G.J. Saulnier, Jr., and AL Jensen. 1992. Waste 
Isolation Pilot Plant Salado Hydrology Program Data Report #2. SAND92-7072. Albuquerque, NM: Sandia National Laboratories. 
b = Bcauhcim, RL, RM. Roberts, T.F. Dale, M.D. Fort, and W.A Stensrud. 1993. Hydraulic Testing of Salado Formation Evaporites 
at the Waste Isolation Pilot Plant Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM; Sandia National Laboratories. 
c =Saulnier, G.J., Jr., P.S. Domski, J.B. Palmer, RM. Roberts, W.A Stensrud, and AL Jensen. 1991. WIPP Salado Hydrology 
Program Data Report# 1. SAND90-7000. Albuquerque, NM: Sandia National Laboratories. 
d = Bcauhcim, RL, G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-Permeability Tests of the Salado Formation at the 
Watts Isolation Pilot Plant Site: First Interim Report. SAND90-0083. Albuquerque, NM: Sandia National Laboratories. 
e =Jensen, AL, C.L Howard, RL Jones. and T.P. Peterson. 1993. Room QDataReport: TestBoreholeDatafromApril 1989 
through November 1991. SAND92-1172. Albuquerque, NM: Sandia National Laboratories. 
f= Domski, June 29, 1994. Memo 
••• = Approximate post-mining distance from Room Q to test interval. 
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Figure 1. Detailed Stratigraphy Near the WIPP Underground Facility. 



to: 

from: 

date: 

subject: 

Sandia National Laboratories 

Albuquerque. New Me~•CO 871S5 

R. Beauheim, 6115 

s. 

September 9, 1994 

Laboratory-measured Values for Porosity and Permeability from Preliminary 
Laboratory Tests Performed on Marker Bed 139 Cores 

Preliminary tests were performed on three groups of core samples from Marker Bed 
139 of the Salado Formation during FY93 to provide data to support the development of the 
numerical models used to predict the long-term hydrological and structural response of the 
WIPP to waste-generated gas as part of the Salado Two-Phase Flow Laboratory Program. 
These preliminary laboratory experiments:. i) generated WIPP-specific porosity, single-phase 
permeability, and capillary pressure data; 2) provided information needed to design and 
implement planned tests to measure threshold pressure, capillary pressure, and relative 
permeability, and 3) will be used to evaluate the suitability of using tight gas sands 
correlations as a Salado analog for assessment of the long-term performance of the WIPP. 
Total and effective porosity and gas and liquid steady-state single-phase permeability were 
measured as the test specimens were subjected to three different levels of hydrostatic 
confining stress while the pore pressure remained constant. Darcy flow was maintained 
during the permeability tests (i.e., the graph of flow rate versus pressure drop across the 
core was linear). Vertical and horizontal permeability were measured on adjacent c.ores. 

Table I contains a summary of the porosity and permeability data results received 
from two (TerraTek and RFJSPEC) of the three laboratories that performed preliminary tests 
on Marker Bed 139 samples. Preliminary results from the third laboratory (Core 
Laboratories) are within the same ranges as the results contained in Tab.le 1. Once QA of 
the Core Laboratories data is complete, Table 1 will be updated to incorporate all porosity 
and permeability data from the Preliminary Tests. 

The laboratory-measured effective porosity values range from 0.4 to 2.7% with a 
mean of 1.25 % (see Table 1). These values compare well with the range and mean values 
for porosity used in the 1992 PA; 0.1 to 3.0% and 1.25%, respectively. The laboratory
measured single-phase permeability values ranged from 8.4 x 10·16 to 5.5 x 10-20 m2

, 

depending gn the stress conditions during the test (see Table 1). The mean was 
approximately 3.5 x 10-11 m2 at 6 MPa. These values are an order of magnitude higher on 
the low end of the permeability distribution curve than those used in the 1992 PA. Likewise, 
the mean laboratory-measured single-phase permeability was an order of magnitude higher 
than the mean used in the 1992 PA. 

F-4 



Liquid single-phase permeability data are also reported in Table I for three samples 
for which gas permeability was also measured. As expected, these data compare well with 
the Klinkenberg-corrected gas single-phase data at all confining stress levels.· It should be 
noted that the liquid permeability test specimens were chosen using high gas permeability as 
the primary selection criterion. Single-phase permeability, whether gas or non-reactive
liquid, ·is considered to be an intrinsic property of the rock. Therefore, one should not draw 
the conclusion that liquid permeability of the Salado is more uniform or, on average, higher 
than the gas permeability. Thus, for single-phase permeability of the Salado anhydrite, the 
range and mean values detailed in the preceding paragraph should be used .. 

Results indicate that the both porosity and single-phase permeability were reduced as 
increasing levels of confining stress were applied to the test specimen. Typically, 
permeability was reduced by less than an order of magnitude with an increase in confining 
stress from 2 to 10 MPa. ·Porosity reduction was less dramatic over the same pressure 
range; porosity was reduced by less than half a percent with an increase in confining stress 
from 2 to l 0 MPa. These exp~rimental results illustrate the stress dependence of porosity 
and permeability for Marker Bed 139 anhydri~. 

Copy to: 

6115 Davies, P. 
6115 Webb, S. 
SWCF-A:WBS 1141 ;HYD/TPF 
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Table 1. Porosity and Permeability Data from Preliminary Laboratory Tests 
on Marker Bed 139 Cores 

Sample Sample Total Effective Klinkenberg- Corrected Liquid Permeability 
Number Bulk Porosity Porosity Gas Permeability (ml ) (ml ) Under Net 

Volume {%) (%) Under Net Hydrostatic Hydrostatic Confining 
(cc) Confining Stress (MPa) Stress (MPa) 

P3Xl 1-5-2- 12.62 2.8 3.2 x 10·1 ~ (2 Mpa) 
SP.IT 1. 7 x 10-11 (6 Mpa) 

1.4 x 10·11 (10 Mpa) 

P3Xl 1-5-3- 14.97 2.2 1.6 x 10-17 (2 Mpa) 
SP3T 8.9 x 10·11 (6 Mpa) 

5.1 x 10-11 (lOMpa) 

I p3ic10-6- I 
14.59 

I I I I SP2T . 

E1X08-A 822.24 1.81 8.4 x 10·11 (2 Mpa) 6.8 x 10·11 (2 Mpa) 
5.8 x 10·11 (6 Mpa) 5.8 x Ht" (6 Mpa) 
5.1 x 10·11 (I OM pa) 5.4 x 10·11 (lOMpa) 

' 
E1X08-B 776.83 0.49 1.3 x 10·11 (2 Mpa) 

1.5 x 10·11 (6 Mpa) 
. •. 4.7 x 10-11 (lOMpa) 

E1X08-C 819.62 J.01 4.6 x 10·11 (2 Mpa) 3.7 x10·11 (2 Mpa) 
2.6 x 10-11 (6 Mpa) 2.4 x 10-11 (6 Mpa) 
2.0 x 10·11 (lOMpa) 1.8 x 10-11 (lOMpa) 

E1X08-EPI 83.47 1.4 J.29 

E1X08-EP2 84.39 0.6 0.75 

E1X08-EP3. 83.54 0.4 0.42 

ElX08-EP4 83.35 1.6 J.60 

EIX07-D 803.84 0.73 J.5 x 10·19 (2 Mpa) 
6.0 x 10·31 (6 Mpa) 
5.5 x 10·lll (I OM pa) 

EIX07-E 843.08 J.55 8.4 x 10·16 (2 Mpa) 
.. 3.1 x 10·16 (6 Mpa) 

.. 1.6 x 10"16 (IOMpa) 
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I TT 

I TT 

I TT 

IT 

Total 
Number 
of Data 
Points 

Range 
of Data 

Mean 

R/S 
IT. 

I 
I 
I 

Sample Sample Total Effective Gas Permeability (m1 ) 

Number Bulk Porosity Porosity Under Net Hydrostatic 
Volume (%) (%) Confining Stress 
(cc) (Klinkenberg Corrected) 

EIX07-F 8I5.25 1.00 1.1 x tcr11 (2 Mpa) 
7.0 x1cr" (6 Mpa) 
5.8 x 10·19 (lOMpa) 

EIX07-EP5 I 84.85 I I 1.92 I 
ElX07-EP6 I 84.04 I I 2.73 I 

I I I o.55 I EIX07-EP7 83.73 

EIX07-EP8 84.52 1.57 

6 I4 8 at each Confining Stress 

-

0.4 to 0.42 to 2MPa: 
2.8% 2.73% 1.5 x 10-" - 8.4 x I0-16 

.. 

6MPa: 
6.o x icr::io - 3. t x 10·16 

lOMPa: 
5.5 x 10·:» - t.6 x 10·16 

1.5% 1.25% 6.6 x 10'"" (2 Mpa) 
3.5 x 10-11 (6 Mpa) 
2.5 x 10·11 (lOMpa) 

RE/SPEC laboratory, Rapid City, South Dakota 
TerraTek laboratory, Sal.t Lake City, Utah 
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Liquid Permeability 
(m1 ) Under Net 
Hydrostatic Confining 
Stress 

1.1 x 10·11 (2 Mpa) 
6.2 x 10·19 (6 Mpa) 

-- 5.2 x 10·19 (lOMpa) 

1-- · 1 

I · 1 

I . I 
3 at each Confining 
Stress 

.. 

2 MPa: 
1. I X I0-11 

- 6.8 x 10-11 

6 MPa: 
6.2 x10·19 -5.8 x10·11 

lOMPa: 
5.2 x 10·•9 

- 5.4 x 10·11 

3.0 x Io·•• (2 Mpa) 
2.0 x 10·11 (6 Mpa) 
1. 7 x 10·11 (1 OM pa) 



SECTION 14.3 

GEOPHYSICAL SURVEYS OF THE SALADO 
RELATIVE TO BRINE REDISTRIBUTION 



APPENDIX I: 
BORNS MEMORANDUM 

David J. Borns to Paul Davis, "Implications of Geophysical Surveys in the WIPP Underground on 
the Interpretation of the Relative Roles of the Three Proposed Conceptual Models for Salado Fluid 
Flow." October 3, 1994. Internal SNL Memorandum. 
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Sandia National Laboratories 
Albuquerque. New Mexico 87185-0750 

date: October 3, 1994 

toc:;r:c::~)~~~ 
from: David J. Borns, Org. 61l6/MS-0750 

subject: Implications of Geophysical Surveys in the WIPP Underground on the 
Interpretation of the Relative Roles of the Three Proposed Conceptual 
Models for Salado Fluid Flow 

Introduction 

The Technical Baseline Document for Salado Fluid Flow proposes three conceptual models 
for the observed brine inflow at the repository level. The three models are 1. Far-field 
Flow, 2. Redistribution of brine with the pore structure of the Disturbed Rock Zone, and 3. 
Clay consolidation within the Disturbed Rock Zone. As we witnessed at the stakeholder' s 
meeting in Carlsbad on 29 October, the relative roles and importance of these models for 
fluid flow appear unclear. The strategy to test these models remains uncertain .. 

However, observations based on geophysical surveys, predominantly electrical, suggest that 
Far-Field Flow is the dominant mechanism. In summary, these observations are: 

1. The Disturbed Rock Zone (DRZ) is observed to resaturate in a sealed room, Room Q. 
This observation suggests that there is a source of brine external to the DRZ that 
with time is able to resaturate the porosity of the DRZ. 

2. The Salado halites and interbeds can support electrical current flow, which suggests 
that even in low permeability units there exists an interconnected pore structure to 
support ionic flow. Measured resisti~ities in the Salado halites and interbeds have 
successfully predicted permeabilities. 

3. Distiuct etectrical· self potentials within the individlla.l map. units of the facility 
horizon suggest that far field flow is.ongoiftg around the excavation. . ·. 

. . . 
In the remainder of this memo, I will elaborate on these points in detail. 

Electrical Methods 
The flow of electrical current in rocks takes place through ionic conduction in the pore 
space or conduction through conducting minerals. In rocks of the upper crust including 
evaporites, ionic conduction in the pore space dominates as a mechanism. For the units of 
the Salado, clays possibly act as a conducting mineral, which facilitates electrical flow in 
addition to ionic flow. To support current flow as a mineral conductor, the clays must link 
as a continuous phase in the rock matrix or along a pore channel pore. Since clays comprise 
less that 5% of Salado halites and anhydrite, where a modal distribution of greater than 30% 
is generally required to form a continuous phase in the matrix, mineral conductance in the 
matrix probably is limited to the clay interbeds. Clays lining pore networks, such as 
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diagenetic dewatering conduits, or fractures may support mineral conductance rather than 
ionic flow. The time dependent variations in resistivity are, however, more consistent with 
ionic flow in pore network of the Salado units since the clay distribution in the matrix and 
pores does vary significantly with time. The measured resistivities of the Salado units range 
from hundred to a thousand ohm-m. In comparison, the measured resistivities of domal 
salts range from tens of thousands to hundred of thousand ohm-m. Therefore, our 
assumption is that the electrical current flow that we induce or observe is supported by an 
interconnected partially (probably greater than 70%) to completely brine saturated pore 
network Based on this assumption, we can relate the resistivity to the porosity, pore 
saturation and the tortuosity of the pore network and chemistry of the pore fluid. Brace 
( 1977) utilized. resistivity methods to determine permeabilities of tight crystalline rocks 
undergoing deformation in a laboratory. 

At WIPP, we have used Poiseuille's equation as developed by Brace to estimate variations 
in permeability along the length of a borehole for the Salado Two-Phase Flow Laboratory 
Program: anhydrite core damage assessment and properties restoration (Howarth, 1993). In 
Figure 1, resistivity measurements where made in and between two vertical boreholes (E25 
and E26) that penetrate Marker Bed 139. From these measurements, we calculated 
permeabilities for the halite and anhydrite intercepted by the boreholes (Borns and others, 
1994). The calculated permeabilities duplicate the range for anhydrite and halite determined 
in laboratory and field experiments (Howarth, 1993). This suggests that the interconnected 
pore network model represents the electrical current flow in the Salado. 
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Room Q Arrays 
We emplaced two electrical arrays in Room Qin the autumn of 1989 and have monitored 
the electrical response (changes are resistance and self potential) around Room Q through 
August 1993 (Pfeifer and others, 1989; Jensen and others 1992; Truskowski, 1994 ). These 
are sensitive to changes in electrical properties in a region four meters radially outward from 
the excavation. Figures 3 a, b, and c show the change in resistance along a series of lines 
parallel to the length of Room Q along the centerline of the array, Ring 13 (Fig. 3a), on the 
floor (Fig. 3b), the rib (Fig. 3c), and the roof (Fig. 3d). Along the x-axis is time sine 1/1/90 
to 8/20/93 (0 to 2.63 fractional years). From these plots, apparently the resistance increased 
(blue and yellow contours) in the first six months after we had access to the room (12/89). 
This increase is interpreted to mirror desaturation of the DRZ based on forward modeling 
(Pfeifer and others, 1989). After this increase, the resistance decreases (toward red contours) 
for two years. Based on forward modeling, this decrease in resistance is interpreted to 
represent resaturation of the DRZ. At 2 years, a rapid rise in resistance especially in the 
floor occurs followed by a decrease in resistance. Again based on modeling, this behavior is 
interpreted as a fracture opening between the floor and the far field electrode. In turn this 
fracture resaturated resulting in the decrease in resistance. 

Another way to view the changes around Room Q with time is a series of graphs showing 
the percentage change in resistance between an index measurement (6/20/90 in most 
analyses) and the date of a following measurement. Figure 4 displays the cylindrical surface 
of Room Q projected onto a plane with the floor at Row 13, the rib at Row 9, and the roof at 
Row 3. These figures show the change in resistance for the periods a) 3/11/90 to 6/22/90 
(the period within a year of excavation and before an effective seal was installed), b) 
6/22/90 to 8/14/90 (the period for which access was beginning to be limited and partially 
seals were in place); c) 6/22/90 to 8/12/91 (a period covering over a year of operation); and 
d) 6/22/90 to 8/20/93 (a period covering the last documented measurement of the array in 
Room Q) .. These figuies covering almost thre~ years ~f the room's h~story show .~e initial 
increase in resistance.with th,e-opening of the DRZ and iui desaturation (Fimice"4a) and the ..... . 

· ·subsequent reduction in resis~ce with resaturation of the r>RZ (Figures 4b, c, a,nd d). In 
conclusion; we ob;erve thq.t the field data.suggests that the·DRZ can resat11rate over a 2. 6 
year period 
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Figure 3a: Resistance change with time for all electrodes 
along Ring 13 (centerline of array} in Room Q 
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Figure 3h: Change in resistance with time along Room Qjloor 
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Figure 4a: Change in resistance (resistance increasing with 
development and desaturation of DRZ) 
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Figure 4b: Change in resistance (resistance decreasing with 
resaturation of DRZ) 

Figure 4d: Change in resistance (resistance decreasing with 
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opening of a secondary fracturefs] in the floor) 
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Self Potential Surveys in Room Q 

We measure electrical self potential regularly as a background check for electrical surveys 
in Room Q and elsewhere in the underground. The self potential measures the background 
current flow when our induced sources are turned-off This self potential is commonly 
induced by ionic flow accompanying fluid flow in rocks. As such, the self potential is used 
to detect zones of fluid flow (e.g., leaks in man made structures). In the WIPP underground, 
the self potential may not be totally natural and may reflect perturbations in the electrical 
field due to the shafts and underground mine operations. However, the observed self 
potentials show that the ionic flow occurs in the pore network of the Salado. Figure 3 shows 
the self potentials measured in the electrical arrays of Room Q. 
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Figure 4: Self Potential (SP) measured in Room Q on 3111190 .. Figure represents the 
cylindrical surface of room project eel onto a planar surface. The intersection of the 

excavation with the map units is marked by the dotted lines. The relative positions of the 
floor, rib and roof are marked by arrows. 
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observed in Room Q related to the map units. These map units represent the sedimentary 
layering of the Salado as marked by variations in texture and clay content. Map Unit 0 has 
a distinct self potential, which is 100 m V greater than Map Unit 3. The boundary between 
these two units is horizontal and corresponds to the relatively thinner Map Units 1 and 2. 
The distribution of self potentials suggests that layer stratified ionic flow is occurring 
around the Room Q excavation. 
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WZPP ACTIVE ACCESS CONTROLS AFTER DISPOSAL 
DESIGN CONCEPT DESCRIPTION 

I. INTRODUCTION 

A. PURPOSE 

Title 40 CFR §191.12 defines "Active Institutional control" 
as: 

1) Controlling access to a disposal site by any means 
other than passive institutional controls, 

2) Performing maintenance operations or remedial 
actions at a site, 

3) Controlling or cleaning up releases from a site, or 
4) Monitoring parameters related to disposal system 

performance. 

Title 40 CFR §191.14(a) states; 

Active institutional controls over disposal sites should 
be maintained for as long a period of time as is 
practicable after disposal; however, performance 
assessments that assess isolation of the wastes from the 
accessible environment shall not consider any 
contributions from active institutional controls for more 
than 100 years after disposal. 

Title 40 CFR §264.117(a) (1) states; 

Post-closure care for each hazardous waste management 
unit subject to the requirements of SS 264.117 through 
264.120 must begin after completion of closure of the 
unit and continue for 30 years after that date ••• 

Title 40 CFR §264.601 states; 

A miscellaneous unit must be ••• maintained and closed in 
a manner that will ensure protection of human health and 
the environment ••• 

Title 40 CFR §264.603 states; 

A miscellaneous unit that is a disposal unit must be 
maintained in a manner that complies with § 264. 601 
during the post-closure care period. 
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This report has been developed to describe the conceptual 
design of a system the Department of Energy (DOE) may 
implement for compliance with the requirement to control 
access to the disposal site. In addition, this report 
addresses the scheduling process for control of inspection, 
maintenance, and periodic reporting related to Long Term 
Monitoring which addresses the monitoring of disposal system 
performance, environmental monitoring in accordance with the 
Consultation and Cooperation Agreement between the DOE and the 
state of New Mexico, and evaluation of testing activities 
related to the Permanent Marker System design. 

In addition to access control addressed by this report, the 
controlling or cleaning up of releases from the site is 
addressed in the Conceptual Decontamination and Decommissiong 
Plan. The monitoring of parameters related to disposal system 
performance is addressed in the Long Term Monitoring Design 
Concept Description. Together, these three documents address 
the full range of active institutional controls planned after 
disposal of the TRU waste in the WIPP repository. 

B. SCOPB 

The design description addresses a means of controlling access 
to the site of the repository's surface footprint (the 
repository area projected to the surface). It is anticipated 
that active control of access to the site will be exercised by 
the DOE or other federal government entity for· as lonq as 
practicable and at least 100 years after disposal. Control of 
access will preclude the inadvertent intrusion into the 
disposed waste by deep drilling or mining of natural 
resources. The report also describes a process for scheduling 
activities related to the testinq of elements of the Permanent 
Marker system and the schedulinq of activities required to 
meet the needs of the Lonq Term Monitoring of the repository 
performance. Many of these activities will be initiated 
durinq the disposal phase to establish data bases and are 
planned to continue beyond the time after removal of the site 
structures and return of the land disturbed by the WIPP 
activitives to a stable ecoloqical state that will assimilate 
with the surrounding undisturbed ecosystem. Permanent Marker 
testinq and Long Term Monitoring requirements will have some 
impact on returning of the land to a stable ecological state. 

C. llCltGROUllD 

The WIPP was authorized by Public Law 96-164, December 1979, 
pepartment of Enerav National Security and Militarv 
Applications of Nuclear Energy Authorization Act of 1980, as 
a research and development facility to demonstrate the safe 

2 
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disposal of radioactive wastes. The wastes are derived from 
DOE defense-related activities. Specifically, the mission of 
the WIPP project is to conduct research, demonstration, and 
siting studies relevant to the permanent disposal of 
transuranic (TRU) wastes. Some of these wastes will be co
contaminated with hazardous constituents making them mixed 
wastes. 

The LWA, signed into law in October 1992, addresses the 
Disposal Phase of the WIPP Project, the period following 
closure of the site, and the removal of the surface 
facilities. 

The LWA set aside 10, 240 acres located in Eddy County, 26 
miles east of Carlsbad, NM as the WIPP site. A 277-acre 
portion within the 10,240 acres is bounded by a barbed wire 
fence. This fenced area contains the surface facilities and 
the mined salt piles for the WIPP site. Figure I-l is a 
cutaway illustrating the geometrical relationship of the 
surface facilities and the underground repository. 

Upon receipt of the necessary certifications and permits from· 
the Environmental Protection Agency (EPA) and the New Mexico 
Environment Department (NMED), the DOE will begin emplacing 
for disposal contact handled (CH) TRU waste in the WIPP. This 
activity is scheduled to begin in June 1998, with subsequent 
emplacement of remote handled (RH) TRU waste at a later date. 
This waste emplacement and disposal phase will continue for a 
25 year period until the regulated capacity of the repository 
of 6, 200, 000 ft3 of TRU waste has been reached. The waste 
will be shipped from ten DOE facilities across the country in 
specially designed transportation containers, TRUPACT-IIs for 
CH TRU waste and shielded road casks for RH TRU waste, 
licensed by the Nuclear Regulatory Commission. The CH TRU 
waste will be packaged in 55-gallon steel drums and/or 
Standard Waste Boxes ( SWB) • An SWB is a steel container 
having a free volume of approximately 65 ft3 • Figure I-2 
shows the general arrangement of a 7-pack of drums (51.5 ft3 ) 

and an SWB as received in the TRUPACT-II. The RH TRU waste 
will be shipped in a shielded road cask containing a three 
drum capacity canister. 

Upon receipt and inspection of the waste containers in the 
Waste Handling Building, the containers will be downloaded 
into the repository 2150 feet (655M) below the surface. The 
containers will then be transported to a disposal room. See 
Figure I-1 for room and panel arrangement. The initial seven 
disposal rooms are in Panel 1. Panel l is the first of eight 
planned panels to be excavated. Upon filling an entire panel, 

3 
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that panel will be closed to isolate it from the rest of the 
repository and the ventilation system. During the period of 
time it takes to fill a given panel, an additional panel will 
be excavated. Sequential excavation of panels will ensure 
that individual panels remain stable during the entire time 
the panel is being filled with waste. 

Decontamination of the WIPP facility will commence with a 
detailed radiation survey of the entire site. Radioactively 
contaminated areas and equipment will be evaluated and 
decontaninated in accordance with applicable requirements. 
Where decontamination efforts identify areas that are below 
radiological release criteria, routine dismantling and 
salvaging practices will determine the disposition of the 
material or equipment involved. Material and equipment which 
do not meet radiological release criteria will be emplaced in 
the access entries (panels 9 and/or 10). Upon completion of 
emplacement of the contaminated facility material, the entries 
will be closed and the repository shafts will be sealed. 
Final repository closure entails sealing the shafts leading to 
the repository. Figure I-3 illustrates a shaft sealing· 
arrangement. Completion of waste disposal which includes 
shaft sealing will end disposal operations and initiate the 
period for implementation of active controls. 

The DOE will remove the surf ace facilities and return the land 
disturbed by the WIPP activitives to a stable eco1·ogical state 
that will assimilate with the surrounding undisturbed 
ecosystem. As part of the Permanent Marker System, the Hot 
Cell concrete structure, protected by a chain link fence, will 
remain as an artifact marking the WIPP site. The Hot Cell is 
a reinforced concrete structure measuring approximately 71 
feet by 40 feet with 4~ feet (21.6M X 12M X 1.4M) thick walls. 
The Hot Cell foundation extends approximately 28 feet (8.SM) 
below grade and the roof is 61 feet ( 18. 6M) above grade. This 
feature and the test program supporting the Permanent Marker 
system which will require the construction of a berm section, 
the erection of test monuments, and the emplacement of test 
markers all impact the ability to return the land disturbed by 
the WIPP activitives to a stable ecological state that will 
assimilate with the surrounding undisturbed ecosystem. As 
described in this report, a posted access barrier will be 
erected around the repository footprint and it will also 
affect the return of the land disturbed by the WIPP 
activitives to a stable ecological state. Elevation 
benchmarks to support the Long Term Monitoring program will be 
located within a grid network on the surface of the withdrawn 
area. Finally, a portion of the mined salt sufficient to 
support future construction of the Permanent Marker berm will 
remain on the surface. The water supply line will be 
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removed. At a future point in time, a water supply may have 
to be re-established to support construction of the Permanent 
Marker system. water may be piped to the site or trucked in. 
The electrical supply to the site will be isolated at an 
incoming power pole. Electricity will also be required for 
the future construction of the Permanent Marker System. 

over the several decades following site restoration, 
activities supporting the Long Term Monitoring Program and 
evaluating the performance of the Permanent Marker System 
testing will require occasional access to the site. These 
activities will be controlled by the Active Controls schedule 
described in section v. Construction of the Permanent Marker 
System will be a significant effort once again requiring the 
development of water, electrical, and transportation 
facilities at the site. Both railroad and trucking will be 
used to transport required materials to the site. This effort 
is anticipated to last i-2 years. 

Upon completion of the Permanent Marker System, the access 
control program for the site shall be re-evaluated and· 
modified as required to address any changes necessitated by 
the effects of the Permanent Marker System. At the time that 
the Permanent Marker System construction effort is completed, 
the utilities and railroad spur supporting the site will be 
removed and the affected terrain returned to a stable 
ecological state that will assimilate with the surrounding 
undisturbed ecosystem. 
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WIPP ACTIVE ACCESS CONTROLS AFTER DISPOSAL DESIGN CONCEPT DBAFT 

II. SITE DESCRIPTION 

The WIPP site is located in Eddy County, in Southeastern New 
Mexico, 26 miles east of Carlsbad and 14 miles east of the 
Pecos River at its closest point. current commercial uses of 
the land surrounding the site include livestock grazing, 
potash mining, and oil and gas production. The site occupied 
land is owned by the Federal Government and is under the 
jurisdiction of the Secretary of the U.S. Department of 
Enerqy. The LWA has withdrawn the 10, 240 acres comprising the 
WIPP site from "· •• all forms of entry, appropriation, and 
disposal ••• including without limitation the mineral leasing 
laws, the geothermal leasing laws, the material sale laws ••• 
and the mining laws." The underground disposal facility is 
constructed in a bedded salt formation 2, 000 feet ( 610M) 
thick, the Salado Formation, 2,150 feet (655M) below the 
surface. All the major surface facilities are surrounded by 
a chain link fence enclosing approximately 35 acres. The 
boundary of the 10,240 acre land withdrawal area extends at 
least one mile beyond any planned underground disposal area. 

The WIPP facilities are comprised of surface and underground 
facilities interconnected by shafts. The surface 
appurtenances accommodate the personnel, equipment, and 
support services required for the receipt, preparation, and 
transfer of TRU waste from the surface to the underground. 
The existing underground facilities include the TRU waste 
disposal area, the experimental area, and the underground 
maintenance and support area. Four shafts interconnect the 
surf ace facilities with the underground facilities. The waste 
handling shaft serves as the main operational artery for 
transport of waste to the underground. The salt handling 
shaft provides for transporting mined material from 
underground to the surface, for transporting personnel, and 
also functions as a secondary air inlet shaft. The air intake 
shaft and the exhaust air shaft ensure positive ventilation 
flow to the underground facilities. The exhaust air can be 
filtered in the unlikely event radioactive particulate 
material is released from containers in the underground. 

The primary surf ace structure supporting waste handling 
activities is the Waste Handling Building (WHB). The WHB is 
divided into a CH TRU waste handling area and an RH TRU waste 
handling area with a number of support areas. The CB and RH 
areas are designed to provide for the receipt and inspection 
of waste containers prior to transport to the underground 
area. TRUPACT-IIs containing CH TRU waste are moved into the 
WBB through air-lock doors. Once inside the CH area, the 
individual TRUPACTs are placed into a TRUPACT Loading Dock. 
At this location, waste management personnel will open the 
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TRUPACT and remove the SWBs or 7-packs containing the waste. 
Rigorous monitoring and inspections for any leakage are 
conducted throughout the unloading sequence and transport of 
the waste containers to the Waste Handling Shaft. 

Shielded road casks containing an RH TRU waste canister, each 
canister contains three drums of RH waste, are moved into the 
RH bay. The shielded road cask is removed from its transport 
vehicle and loaded in the vertical position onto a road cask 
transfer car. The car then transports the cask to the cask 
unloading room. In the unloading room, the RH canister is 
removed from the shielded road cask and hoisted into the hot 
cell. The canister is then inspected visually and 
radiologically using master-slave manipulators. The canister 
is then lowered out of the hot cell into the canister shuttle 
car which transports the canister under the cask loading room. 
The canister is then hoisted into the facility cask. The 
facility cask is shielded with lead to protect personnel. The 
cask is loaded onto the facility cask transfer car and taken 
to the Waste Handling Shaft for downloading to the 
underground. All the activities associated with unloading and. 
loading the canister and inspecting it are conducted remotely 
through viewing windows or with the use of television cameras. 

Counting room facilities and chemical laboratory facilities in 
the support Building and the Safety and Emergency services 
Building are available to support both surf ace and underground 
waste handling activities. In addition, the Support Building 
provides administrative office space, change rooms, houses the 
central Monitoring Room, and contains the computer room. The 
Safety and Emergency Services Building contains additional 
office space, the major mobile fire fighting equipment, 
Emergency First Aid Station, the Emergency Operations Center, 
and the environmental and thermoluminescent dosimetry (TLD) 
laboratories. 

Three other major surface facilities are the Guard and 
Security Building, the Engineering Building and the Training 
Building. The Engineering Building provides office space for 
the Engineering Department personnel and the Engineering 
.Drawings File Room. The Training Building provides office 
space for members of the Training Section and classroom 
facilities. The Guard and Security Building (GSB) provides 
office facilities for the WIPP Security force. This building 
also contains in a hardened area the Security control Station 
with its communications facilities, an alarm monitoring 
station, and surveillance camera equipment. A lunch room and 
an auditorium are also located within the GSB. 

10 
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The underground repository structures are oriented in a north
south direction. The waste disposal area will occupy 
approximately 120 acres at the south end of the mined area. 
currently only one of eight panels is mined. The experimental 
area lies at the north end of the repository. This area 
occupies approximately 12 acres. No TRU waste will be 
disposed of in the experimental area. Four north-south 
excavated entries (drifts) service the waste disposal area. 
These entry ways (drifts) provide paths for the ventilation 
system supply and exhaust streams, for moving waste from the 
Waste Handling Shaft to the disposal rooms, and for moving 
mined salt from active mining areas to the Salt Handling 
Shaft. The portions of the entries adjacent to the eight 
excavated panels will also serve as two equivalent waste 
disposal panels (panels 9 and 10) • TWo of the entries extend 
north of the Salt Handling Shaft and the Air Intake Shaft to 
service the experimental area. Through the use of a 
combination of air locks, booster fans, and damper 
controllers, designed differential pressures are maintained to 
ensure that the waste disposal area is at the lowest overall 
pressure with respect to other working areas within the· 
repository. This ensures that any airborne radioactive or 
hazardous material will only exhaust via the ventilation 
exhaust path and not leak back to the mining area or the 
experimental area. support facilities such as electrical 
substations, shops, warehouse, storage facility, parking, and 
lunchroom are generally located off of the entries between the 
experimental area and the waste disposal area. 

The design capacity of the WIPP repository is 6,200,000 ft3 of 
CH TRU waste and 250, ooo ft3 of RH TRU waste. However, the 
LWA restricts the disposal of TRU waste·, both CH and RH, to a 
total of 6,200,000 ft3 • This capacity restriction must also 
include TRU waste derived from any decontamination activities 
durinq the disposal phase and decommissioning. As a result, 
prior to cessation of receipt of waste from other facilities, 
extensive radiation surveys will be conducted to provide 
information relative to how much waste disposal volume 
capacity will be required for disposal of WIPP derived waste. 
'l'he detail of these surveys is described in DOE/WIPP 95-2072, 
Conceptual Decontamination & Decommissioning Plan,. Based 
upon the survey results, at an appropriate time receipt and 
emplacement of TRU waste, other than WIPP derived waste, will 
be terminated. The waste disposal capacity remaining unfilled 
at this time will be provided to receive the derived waste 
which may result from the decontamination efforts at the WIPP. 
WIPP's operational policy of "start clean, stay clean" will 
minimize the amount of disposal capacity required near the end 
of the disposal phase. As the surface facilities are 
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dismantled and cleanup of the site proceeds, contaminated 
material which cannot be cleaned up sufficiently to be 
released as uncontrolled material will be emplaced within the 
waste disposal area. Uncontaminated material which can be 
released will be salvaged or transferred to commercial storage 
or disposal locations. 

Final activity within the repository will be the closing of 
the waste disposal area and sealing the shafts. Upon 
completion of this activity, the remaining surface structures 
will be dismantled. All surface structures except for the 
concrete Hot Cell structure and a sufficient quantity of salt 
tailings to support construction of the Permanent Marker berm 
will be removed and the site regraded and planted to return 
the land disturbed by the WIPP acti vi ti ves to a stable 
ecological state that will assimilate with the surrounding 
undisturbed ecosystem. In addition, those structures erected 
during the disposal phase as part of the Permanent Marker 
testing program will also remain in place after 
decommissioning. This will include a section of the berm and 
at least one monolithic marker erected as a part of the· 
program of long term testing of materials planned to be used 
for the Permanent Marker System. 
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III. DESIGN CRITERIA 

The design criteria applicable to the WIPP Actiye Access 
Controls After Disposal Design Concept Description have been 
developed to meet the definition in Title 40 CFR 191.12 for 
controlling access to the disposal site. In addition to 
active access controls, the criteria also address scheduling 
processes to be implemented upon completion of sealing the 
shafts. The decontamination, decommissioning, and restoration 
of the land is described in DOE/WIPP 95-2072. The Permanent 
Marker Conceptual Design Report addresses post decommissioning 
testing activities conducted at the WIPP site. To a limited 
extent, the restoration of the land to its original condition 
will be impacted by the testing activities related to the 
Permanent Marker system and the Hot Cell·structure which will 
not be removed but will remain as an artifact of the WIPP 
operating surface activity. 

Although the LWA establishes a 10,240 acre area for 
administrative control by the Secretary of Energy in 
conducting activities associated with the WIPP, the actual 
disposal area is only approximately 120 acres in extent. 
Access control is for the purpose of ensuring that inadvertent 
intrusion into this area does not occur. Deep drilling or 
mining are the only credible activities which can intrude. 
Drilling techniques in the local area do not normally include 
slant drilling. In those cases where slant drilling is used, 
deviation from the vertical does not begin until a depth of 
approximately 4000 feet (1200M) is attained. This depth is 
well below the local salt formations. The salt formations do 
not support slant drilling due to insufficient consolidation 
of the salt material. These technical facts reasonably 
preclude slant drilling into the repository from outside the 
area immediately above the repository. Therefore it is 
reasonable not to extent a restrictive access control program 
to the entire 10,240 acres with the accompanying cost increase 
and prohibition for such uses as grazing, hunting, and other 
public recreational activities. 

The design criteria developed for the active access controls 
after disposal are the following: 

1. A fence line shall be established to control access to 
the repository footprint area on the surface. A standard 
4 strand (3 barbed and l unbarbed in accordance with the 
Bureau of Land Management specifications) wire fence 
shall be erected along the perimeter of the repository 
surface footprint. The fence shall have gates placed 
approximately mid-way along each of the four sides. The 
western gate shall be 20 feet (6M) wide. The remaining "'·, 
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three gates shall each be 16 feet (4.9M) wide. 

2. An unpaved roadway 16 feet (SM) wide along the perimeter 
of the barbed wire fence shall be constructed to provide 
ready vehicle access to any point around the fenced 
perimeter, to facilitate inspection and maintenance of 
the fenceline, and to permit visual observation of the 
repository footprint to the extent permitted by the lay 
of the land. This roadway shall connect to the paved 
south access road. 

3. To ensure visual notification to potentially unauthorized 
personnel, the fence line shall be posted with signs 
having as a minimum a legend reading "Danger-Unauthorized 
Personnel Keep out" (Title 40 CFR §264.14(c))and warning 
against entering the area without specific permission of 
the DOE (or other local authority such as the Eddy county 
Sheriff's office) . The signs must be legible from a 
distance of at least 25 feet (7.6M). The size of the 
visual warning and the spacing of the warning signs shall 
be sufficiently large and close to ensure that one or· 
more of the signs can be seen and read from any approach 
prior to an individual actually making contact with the 
fence line. In no case shall the spacing be greater than 
300 feet (91.SM). 

4. Contractual arrangements shall be developed to ensure 
that periodic inspection and expedited corrective 
maintenance is conducted on the fence line, its 
associated warning signs, and the roadway. 

5. Through direct DOE staffing support and/or contractual 
arrangements, procedures shall be established to provide 
routine periodic patrols and surveillance of the 
protected area by personnel trained in security 
surveillance and investigation. 

6. A process will be implemented for monitoring and 
controlling the long term testing requirements of the 
Permanent Marker system and implementing the periodic 
monitoring requirements of the Long Term Monitoring 
system. 

7. Recommendations will be developed for modifications to 
the active controls appropriate for access control and 
surveillance upon installation of the Permanent Marker 
system. 

8. Guidelines will be developed for mitigating actions to be 
taken to address abnormal conditions identified during 
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periodic surveillance/inspections. 

9. Reports addressing activities associated with the Active 
Access Controls After Disposal performance shall be 
prepared periodically for submittal to the appropriate 
regulatory and legislative authority. 

Active controls convey that on-site activities are employed. 
Erecting a barrier around the repository footprint and 
establishing routine patrols of the barrier including 
surveillance of the protected area establish an active 
controls system. The development of a schedule to ensure the 
monitoring of parameters at and adjacent to the repository as 
related to repository performance is an additional element of 
active controls. The details of the monitoring program are in 
the Long Term Monitoring Concept Description. 
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IV. ACCESS CONTROLS 

Title 40 CFR 191.12 defines Active Institutional Control to 
include four elements: 

• Controlling access to a disposal site by any means other 
than passive institutional controls 

• Performing maintenance operations or remedial actions at 
a site 

• Controlling or cleaning up releases from a site 
• Monitoring parameters related to disposal system 

performance 

LWA has removed the WIPP site from public use as a site for 
mining and mineral extraction. Since any type of exploration 
activity would require authorization, the issuance of approval 
to intrude upon the repository is precluded by the LWA. The 
existence of the LWA as law permits meeting the requirements 
of the first element above by implementing low technology 
barriers. 

A. JlEPOSITORY FOOTPRIF!' PE!lCING 

Access to an area approximately 2780 feet by 2360 feet (875M 
X 720M) will be controlled by a 4 strand barbed wire fence. 
A single gate will be included along each side of the fence 
for access. Around the perimeter of the fence, an unpaved 
roadway 16 feet ( 4. 9M) wide will be cut to allow for 
patrolling of the perimeter. Figure IV-l is an illustration 
of the fence line in relation to the repository footprint. 
Patrolling of the perimeter is based upon the need to ensure 
that no mining or well drilling activity is inadvertently 
initiated which could threaten the integrity of the 
repository. 

Fencing off an area larger than the disposal area footprint 
would not significantly reduce the risk of inadvertent 
intrusion but would interfere with cattle grazing established 
prior to the LWA. The LWA allows the Secretary of Energy to 
permit grazing to continue where it was established prior to 
enactment of the LWA. Based upon current drilling 
technologies, discussions with local well drilling 
organizations, and observation of well drilling activities in 
the WIPP vicinity, it typically requires at least 2-3 days for 
a driller to setup a deep drilling rig and commence actual 
drilling operations. To attain the 655 meter depth that would 
approach the repository horizon takes at le-.st another week to 
10 days. Patrolling the fenced area 2-3 times weekly would 
identify any potential drilling activity well before any 
breach of the repository could occur. 
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The risk of drilling at a location outside the disposal area 
surf ace footprint and inadvertently intruding into the 
disposal area is essentially zero. The most economical 
drilling practice is to drill vertically into the targeted 
formation. Local slant drilling is conducted only when the 
desired drill location is not available due to circumstances 
which the operator cannot overcome. When slant drilling 
practices are employed, the deviation from a vertical position 
directly below the drill rig does not commence until 
approximately 4000 feet ( 1200M) below the surface in the local 
area. Slant drilling within a salt formation is not practical 
because the salt is insufficiently consolidated to support the 
technique. According to the local office of the Bureau of 
Land Management slant drilling in the local area does not 
begin until the drilling operator has reached a level below 
the salt formations. The lowest salt formation in the WIPP 
vicinity is the Castile Formation which lies below the Salado 
Formation containing the WIPP repository. 

Construction of access control systems using higher technology. 
than described is not required or practicable. Likewise, 
continuous surveillance whether human or electronic is not 
required or practicable. The staffing levels to achieve 
continuous human surveillance become significant when weighed 
against the potential threat and alternatives for controlling 
access. Continuous electronic surveillance also has 
significant costs of procurement, installation, testing, and 
maintenance. Electronic systems would require significant 
maintenance, both operational and corrective, and probably 
would not relieve the need to make routine patrols to the 
site. This is especially true of alarmed electronic 
surveillance in a location populated by a variety of wild and 
domestic animals which may give rise to numerous false alarms. 
Televised electronic surveillance combines both human and 
electronic technology to become extremely costly in relation 
to what is needed to provide reasonable assurance of continued 
repository integrity against inadvertent human intrusion. 

B. spBDXW1NfCI MOJa'l'QRIJJG. 

Although the Federal Government (initially DOE) could maintain 
staffing to conduct periodic surveillance of the site, 
contractual arrangement with a local organization such as the 
Eddy county Sheriff's Department would provide some distinct 
advantages. Among the advantages are: 

• Sheriff's deputies are trained in patrol and surveillance 
activities 

• Sheriff's deputies are authorized to arrest members of ·· 
the general public who are found to be violating 
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trespassing laws 
• The liability associated with apprehension, attempted 

apprehension, or circumstances arising from attempts 
would remain with the Sheriff's Department 

• The general area to be patrolled is already a part of the 
Sheriff's area of responsibility 

surveillance will consist of drive-by patrolling around the 
fenced perimeter, 2-3 times per week. In the course of the 
patrol, particular note shall be taken of the fence integrity. 
In addition, the locked condition of each gate shall be 
checked to ensure that gate integrity is maintained and there 
is no evidence of tampering. surveillance should also include 
visual observation of the entire enclosed area for any siqns 
of human activity. A routine summary of each month's 
surveillance activity shall be prepared documenting the day 
and time of each patrol and any unusual circumstances that may 
have been observed. This surveillance routine should continue 
throughout the active control period and for at least lOO 
years following the sealing of shafts. 

Upon commencement of construction of the Permanent Marker 
system, a routine presence at the site will once again be 
established and periodic surveillance will not be necessary. 
Once the Permanent Marker system is completed, the active 
controls program and access control measures will be re
evaluated and changes necessitated by construction of the 
Permanent Marker system will made and implemented for the 
remainder of the active controls period. With construction of 
the Permanent Marker System, easy visual inspection of the 
repository footprint may be curtailed. The berm is an 
imposinq feature which would require it being scaled to 
achieve an unobstructed view of the footprint. The DOE could 
defer construction of the Permanent Marker system decades 
after completion of decommissioning. 

C. Dnr1'11QHCB ARD REMEDIAL AC'l'IONS 

Anticipated maintenance and remedial action issues durinq the 
active control period are minimal and should encompass such 
issues as: 

• Fence and road maintenance 
• Evidence of vandalism 
• Potential erection of drilling equipment 
• Grass fires 
• Unauthorized entry into prohibited areas 

The DOE will establish contractual arrangements with local 
commercial and governmental organizations to provide 
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maintenance services when called upon by the organization 
providing the routine patrolling service. Vandalism or 
unauthorized entry will be investigated by the Eddy County 
Sheriff's department and upon notification of the DOE, action 
will be taken as the circumstances warrant. Grass fires will 
be addressed by the City of Carlsbad following notification 
that a fire exists. Normally the Sheriff's department will 
make the notification if the fire is discovered by one of its 
units. 

D. CONTROL AND CLEAl!-YP or RELIASES 

DOE/WIPP 95-2072 describes how the DOE intends to 
decontaminate and dismantle the surf ace structures. This 
decontamination process and disposal of the derived 
radioactive waste will be completed prior to the final closing 
of the waste disposal area and sealing the shafts. With the 
location of the WIPP repository at 2150 feet (655M) below the 
surface and with panels closed and shafts sealed, the 
potential for releases of radioactive material following the 
sealing of the shafts is precluded. There will be no credible. 
pathway for releases from the repository other than human 
intrusion. 

E. MONITORING DISPOSAL SYSTEM PEBJ'ORXANCE 

Details describing the establishment of a network of elevation 
benchmarks and the development of a data baseline from which 
to evaluate disposal system performance is described in the 
Long Term M9nitorinq Design concept pescription (LTM). 
Subsidence monitoring is the primary technology intended to be 
used. If upon analysis of subsidence data disposal system 
performance deviates from what is expected, other techniques 
also described in the LTM may be used to assist in determining 
more detail regarding performance. The LTM also describes the 
development of baselines for these other techniques. 

19 



.. 
i o.. 

... 
j. .... 

... ... 
~· 
c .. 

. ... ... .. .......... 
·······•········ 

~ ~ ~ ~ s .... l ... J 
........................................ ············•;····· 

..................... ............................................... 

... 

' L 

• 

' L 

... ... 
I 
L 

•· 
f 
L 

/ 

I 

20 

!=!· 
cs 
...... 

a 
CIC 
Cit 

"' ~ 
:: .. 
::i 
0 

"' g 

==-

> 
< 
4< 

E 
< 
c 
Cl 

c 
~ 
< 

Lo 

~ 

L 
( -• 
L 
L 

c 
L 
I-
L -c 
L 
c 

: 

L 
( 

-( 
L 



WIPP ACTIVE ACCESS CONTROLS AFTER DISPOSAL DESIGN CONCEPT DRAPT 

V. PERIOD:IC ACTIV:ITY CONTROL 

With the advent of decommissioning the WIPP and returning the 
land disturbed by the WIPP activitives to a stable ecological 
state that will assimilate with the surrounding undisturbed 
ecosystem, continuous occupancy for operational and security 
purposes will cease. However, during the active controls 
period after disposal (at least 100 years) there will be an 
ongoing need to carry out periodic activities associated with 
the Long Term Monitoring Program (LTM) and evaluations of the 
performance of Permanent Marker System (PM} features under 
long term testing. To ensure that these periodic activities 
are implemented and that their results are included in 
periodic reports to the appropriate regulatory and legislative 
authorities, a process for controlling these activities will 
be developed and managed from the appropriate DOE Office. The 
essential elements of the process will include the following: 

• Development of detailed individual activities supporting 
the LTM 

• Development of detailed individual activities supporting 
the evaluation of performance of PM System features 

• Development of the individual steps and identification of 
responsible personnel required for the drafting, review, 
commenting, and approval of reports to the appropriate 
regulatory authority 

• Development of the individual steps and identification of 
responsible organizations or personnel required for the 
drafting, review, commenting, and approval of reports to 
the appropriate legislative authority 

• The requirements defined from the above actions will be 
identified in a detailed schedule covering a period of at 
least ten years 

• Review of the approved schedule at least quarterly during 
the first two years following completion of land 
restoration and implementation of Active Access controls 
After Disposal 

• Semi-annual reviews of the schedule including updating 
and progress reporting to the DOE shall be documented 
until such time as the Federal Government ceases active 
control of the site 

Development of detailed activities supportinq the LTM Program 
shall include those elements of the Environmental Monitoring 
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flWl (EMP), DOE/WIPP 94-024, which are to continue for the 
first two years following completion of the Decontamination & 
Decommissioning Plan as stipulated in Appendix A of the 
Consultation and cooperation Agreement (C & C) between the 
State of New Mexico and the DOE. As defined in the c & c, 
this includes "The level of environmental radiological 
surveillance developed during the operational phase ••• " 
currently the EMP Radiological Monitoring Program includes: 

• Effluent Monitoring - Liquid Releases 
• Effluent Monitoring - Airborne Releases 
• External Radiation 
• Airborne Particulate 
• Vegetation 
• Beef 
• Game Animals 
• Soil sampling 
• surface/Drinking Water 
• Groundwater 
• Aquatic Foodstuffs 
• Sediment Sampling 

Appendix A of the c&c also defines elements of a minimum post
operational phase program which will be implemented for at 
least five years following termination of the decontamination 
and decommissiong phase. This latter program includes: 

• Intermittent operation of the state-operated high volume 
air sampling stations. 

• Four annual soil surface samples 

• Four annual water samples 

• Thermoluminescent dosimeters (TLD) 
NOTE: The TLD requirement has been deleted from 

DOE/WIPP 94-024 with agreement from the State 
of New Mexico. 

For long term repository performance monitoring, a detailed 
subsidence survey will be conducted upon completion of land 
restoration. That survey will include, at a minimum, the 54 
elevation benchmarks currently monitored. once every 10 years 
an additional detailed subsidence survey will be taken and 
analyzed for indications of unexpected repository performance. 
The LTM Plan describes in detail additional technologies to be 
used to further evaluate repository performance should any 
unanticipated subsidence data be developed. Updating the ten 
year schedule every six months to one year will ensure that 
this infrequent requirement is not lost. 

22 



WIPP ACT+yE ACCESS CON'l'JtOLS Al'TER DISPOSAL DESIGN CONCEPT DRAFT 

To optimize the final design of the PM system, testing of 
various materials and berm configurations over a long period 
of time is a prudent and logical course of action. The 
detailed activities supporting the testing required to 
evaluate various aspects of the planned PM system design and 
construction are those required to address the followinq 
topical processes and materials: 

• The system for unloadinq and movinq large quantities of 
material from the railroad spur to the PM site 

• Performance of the railroad spur and maintenance 
required. This may impact a decision of whether to 
conduct periodic maintenance of the spur or refurbish it 
at the time of initiatinq construction of the PM system 

• Survey representative monuments within a 150 mile radius 
of the WIPP to more extensively evaluate the climatic 
environmental affects on qranite 

• Identification of a suitable local source of caliche and· 
establishinq the required contractual and regulatory 
aqreements to obtain and move the caliche in the 
quantities required · 

• Identification of a suitable local source of riprap and 
establishinq the required contractual and regulatory 
aqreements to obtain and move the riprap in the 
quantities required 

• Construction techniques applicable to a larqe berm. 
Determine what, if any, confiquration chanqes may have 
siqnif icant impacts on the cost of construction 

• Evaluate various berm surface materials (e.q., size of 
rocks, types of soil, types of veqetation) for durability 
and success in supportinq vegetation overqrowth 

• Procure, ship, erect, and evaluate various types of 
monument rock for assessments of the lonq term 
environmental effects of wind, rain, and shifting sand 
for various types of monument rock· (qranites and 
sandstones). This will provide information to be used in 
specifications to be developed for procurement and 
erection of multiple monuments. In addition concrete 
should be emplaced underqround and tested for durability 
as a substitute for the qranite in construction of the 
buried storaqe Rooms associated with the PMS 

•~ Evaluate the magnetic signature provided by sample 
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permanent magnets buried within the berm to determine 
optimum locations and spacing patterns. 

• Evaluate the effects of alternative soils for use as 
backfill (around subsurface portions of markers) with 
respect to compatability with granites and sandstones. 
Preferable materials will function to protect the rock 
from attack by chemicals within the backfill material. 

• Evaluate the environmental effects on the berm caused by 
wind, rain, and shifting sand 

• Evaluate the effects of plant root intrusion into the 
berm and potential for salt dissolution and berm slumping 

• Evaluate the effectiveness of sample radar reflectors 
buried within the berm at various distances. Evaluations 
should include reflectors directly buried in the berm 
and buried reflectors encased in concrete 

For completion of periodic reports to the appropriate. 
regulatory and leg is la ti ve authorities, normal report 
development activities of assignment of responsibility, 
establishment of the scope of the reports, completion of 
initial drafts, draft reviews, comment resolution, final 
approval, and issue dates should be scheduled. Management of 
the reports can then be actively addressed and adequate 
resources applied to ensure timely completion with effective 
review and comment prior to the scheduled due date. 

All of the activities addressed above should be documented on 
the LTM schedule in sufficient detail to clearly convey the 
time of their scheduled completion and the organization 
responsible for conducting the activity. During quarterly and 
semi-annual reviews of the schedule, responsible individuals 
should be identified for each specific activity programmed for 
completion prior to the next review. Documentation of this 
responsibility and communication to the personnel so 
identified should promote the timely completion of these 
activities and minimize the potential failure of completing 
any specific scheduled task. 

cue to the relatively simple technology utilized in providing 
access control to the repository footprint and the Hot Cell, 
the range of potential abnormal occurrences is quite limited. 
Primarily, the abnormal occurrences will involve damage to the 
fencelines or roadway through vandalism, weather effects, and 
aging of the materials. correct! ve action to repair these 
effects will be accomplished by a DOE contractor. The DOE 
will provide the Eddy County Sheriff's department with 
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applicable guidelines for contacting the appropriate personnel 
locally for making any identified repairs. Considering the 
properties for which access control is being provided, there 
is no need to provide continuous surveillance. However, 
arrangements should be made to increase vehicular patrols of 
the site to daily until repairs are made if the damage is of 
a suspicious nature. If not, no increase in patrol activity 
should be required. 

Abnormal occurrences associated with the environmental 
monitoring activities should be investigated under the 
auspices of the DOE Albuquerque Operations Office. As 
described above, the post decommissioning environmental 
monitoring program will include both radiological and non
radiological monitoring for the first two years following land 
restoration and then only radiological monitoring thereafter. 
Due to the reduced activity to support the WIPP after 
disposal, it is probably more cost effective for the DOE to 
contract for the periodic sampling and analyses than to 
maintain a Carlsbad staff for that purpose. Within the 
contractual arrangements, immediate notification by the. 
contractor to the Albuquerque Operations Off ice in the event 
of an abnormal occurrence should be a requirement. 
Appropriate guidelines for action to mitigate the effects of 
abnormal occurrences related to environmental monitoring 
should include: 

• Verification of analytical results 
• Increased frequency of sampling and analyses 
• Determination of cause 
• Investigation of additional geographical and/ or parameter 

monitoring areas which might be affected 
• Timely communication to the press regarding any potential 

adverse impacts and mitigating actions to be taken 

The LTM provides guidance for conducting subsidence surveys 
every 10 years following repository closure. In the event 
that the surveys indicate a rate of subsidence siqnif icantly 
different than predicted, additional technologies may be 
introduced to more precisely evaluate what if any conditions 
detrimental to repository integrity have occurred. These 
additional technologies may include: 

•- Seismic Reflection/Refraction Surveys 
•, Gravitational Surveys 
• E1ectromaqnetic Conductivity Surveys 
•· Resistivity Surveys 
• Ground Penetrating Radar surveys 

eurrently, none of these technologies are developed to the ~ 
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degree of providing irrefutable evidence of the condition of 
the sealed repository. However, over the next few decades 
while waste is being emplaced in the repository, the 
technology will likely advance significantly. It is also 
possible that images available using today's technologies will 
improve to a point where resolution of images of the 
repository acquired from grade level will be of sufficient 
quality to make some assessments of repository performance. 
The action guidelines for abnormal occurrences associated with 
subsidence are the same as those proposed for the 
environmental monitoring program. 

26 



WIPP ACTXVE ACCESS CON'l'ROLS AFTER DISPOSAL DESIGN CONCEPT ORAfT 

VI. 1\RCHJVEp IJJFORMATION 

Proposed regulations require the placement of records in the 
archives and land record systems of local, state, and Federal 
governments and international archives, that would likely be 
consulted by individuals in search of unexploited resources. 
A significant part of the overall system of controls is the 
use of passive institutional controls through the archiving of 
information at locations other than at the repository site. 
The archived information will describe the location of the 
repository; the nature and hazard of the waste; the geologic, 
geochemical, hydro logic, and other data pertinent to the 
containment of the waste; and the results of tests, 
experiments and/ or other analyses relating to excavated 
areas, shaft sealing, waste experiments, and analyses 
pertinent to the containment of waste in the repository. 
This information will be more extensive in volume than that 
available near the repository and should be widely distributed 
in a number of locations including some locations worldwide. 

The initial form of the information should be on archival. 
quality paper and high quality micro-film. Jensen 1993 
describes a Scandinavian paper specification which prescribes 
that the paper be made of fibers from cotton, linen, and/or 
bleached chemical pulp with any other type pulp making up less 
than 5% of the fiber content. In addition the pH is specified 
as 7.5-10 with a minimum 2% calcium carbonate alkaline 
reserve. Specific documents which should be included in the 
archived information portfolio include: 

l. The Final Safety Analysis Report (FSAR) and the addenda 
which describes the disposal phase of the WIPP 

2. The Final Environmental Impact Statement for WIPP and the 
Supplement(s) to the Environmental Impact Statement 

4. The No-Migration Variance Petition and the No-Migration 
Determination for Disposal 

5. The Resource Conservation and Recovery Act (RCRA) Permit 
Application and final Permit 

6. The Compliance certification Application for Title 40 CFR 
191 and final EPA certification 

7. Environmental and ecological background data collected 
during the pre-operational phase of WIPP and summaries of 
data collected during the disposal and decommissioning 
phases of WIPP 
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8. Records of the contents of the waste containers and their 
disposal location within the WIPP repository 

9. Drawings defining the construction and configuration of 
the repository and shafts 

10. Drawings, procedures, and the design report ( s) describing 
how the waste was emplaced; how the rooms, entries, and 
panels were closed and sealed; and how the shafts and 
boreholes were sealed 

11. Detailed maps describing the exact geographic and 
geologic location of the repository 

Locations for this information should include public funded 
organizations which may be more likely to expend the resources 
necessary to preserve the documents in well controlled 
environments. However, the most likely strategy for long term 
protection of the information is through widespread 
distribution. As a minimum, the information shall be 
submitted to the following facilities/organizations (or their. 
equivalent) for archiving. 

• Library of Congress 
• National Archives 
• Within the States of New Mexico and Texas 

• The State Archives 
• The State Library 

The City Libraries of population centers exceeding 
15,000 within 150 miles of Carlsbad 

• The state libraries of the remaining 48 states 
• The local off ice of the Bureau of Land Management 
• The local off ice of the Bureau of Mines 
• The local off ice of the Bureau of Reclamation 
• The national library and national archives of the nations 

worldwide which possess nuclear weapons and/or operate 
nuclear power generating plants 

• The archive of the United Nations 
• The national archive/libraries of the signatory nations 

to the nuclear non-proliferation treaty 
• The U.S. Nuclear Regulatory commission 
•· The 53 Federal Reqional Depository Libraries 

Location and hazards information shall be submitted to various 
Federal and state of New Mexico mappinq aqencies to ensure 
that the WIPP location and drillinq or mininq restrictions are 
identified on widely distributed maps used by almost all 
public and private orqanizations. These aqencies include: 

•· Bureau of Land Manaqement 
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• u.s. Geological survey 
• Library of Congress 
• National Archives and Records service 
• Defense Mapping Agency 
• International Boundary Commission· 
• Federal Highway Administration 
• u.s Department of Transportation 
• New Mexico State Highway Department Planning and Research 

Division, cartography Section 
• one-call system of notification of underground utilities 

To ensure widespread information relative to the location of 
the WIPP site and the hazards associated with the emplaced 
waste, detailed maps and descriptions of the waste 
constituents should be sent to national and international 
professional societies of cartographers and geographers. 
Weitzburg 1982 suggests the following organizations and 
societies receive this location and hazards information: 

• The American Congress on Surveying and Mapping 
• The American Society of cartographers 
• The Commission for the Geological Map of the World 
• The International Cartographic association 
• The American Geographical Society 
• The Association of American Geographers 
• The International Geographical Union 
• The society of Women Geographers 
• The American Geological Institute 
• The American Geophysical Union 
• The American Society of Professional Geographers 
• The National Geographic Society 
• Mining, Oil, and Gas Professional organizations 

Many of the members of these various organizations are 
employed in secondary and college education providing an 
opportunity for this information to become more widely 
disseminated among students during their formal education. 
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VXI. QtJALITY ASStJRANCE 

The Quality Assurance and Quality control discipline shall be 
applied to the procurement of materials for and the erection 
of the fencelines enclosing the repository footprint and the 
Hot Cell. In particular, quality control inspection of the 
placement and tensioning of the barbed wire and chain link 
fabric should be applied and utilized to provide reasonable 
assurance that the fencing structures will function over an 
extended period of years without siqnificant maintenance to a 
number of aspects of the PM procurement and construction 
effort. 

QA/QC will also be applied to the sampling and analyses 
supporting the environmental monitoring program and the LTM. 
DOE contractors collecting samples and laboratories conducting 
analyses should be qualified in accordance with guidelines 
prescribed in the most current edition of the WIP ouality 
Assµrance Program pescription, WP 13-1 at the time that the 
contracts are awarded. 

The creation and management of records included in the 
archived information is controlled under an approved Quality 
Assurance proqram. This proqram has been developed in 
accordance with established DOE and industry guidelines. It 
includes procedures governing the creation, handlinq, and 
distribution of records. QA/QC for passive controls as dealt 
with elsewhere. 
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WIPP PART B PERMIT APPLICATION REVIEW 
FACILITY AND PROCESS INFORMATION 

CHAPTER L 

GENERAL COMMENTS 

1. The facility has stated that prior to beginning disposal operations DOE will submit a No
Migration Variance Petition for the disposal operations. DOE further states that the first 
phase of the petition is scheduled for submittal in May of 1995. The No-Migration 
Variance Petition schedule is different than that for the permit application, and it is not 
conclusive that the NMVD for the disposal phase will be granted. Therefore, the permit 
application must be revised to indicate that waste will meet LDR requirements or the 
current standard, given that the current standard could mean NMVD requirements. 
Revise the permit application to state this. Also, there are no mechanisms in place to 
determine that this conformance assessment will occur. Revise the permit application 
to indicate how LDR compliance conformance will be ensured. (Refer to applicable 
comments, Chapter C). 

RESPONSE 

The DOE currently has no plans to receive TRU mixed waste for disposal at the WIPP 
facility that is not covered by a No-Migration Determination (NMD). Unless an NMD is 
granted by the EPA for the disposal phase, or waste destined for disposal at the WIPP 
facility is otherwise exempted from the Land Disposal Restrictions, the DOE will manage 
only non-mixed waste until treatment methods are identified and the appropriate permit 
modifications have been sought. 

The DOE believes that it will be successful in obtaining a no-migration variance. The 
draft No-Migration Variance Petition (NMVP), submitted to the EPA Office of Solid Waste 
(OSW) in May 1995, demonstrates that no migration will occur during the 35-year 
operational/closure period. The final NMVP, which is scheduled to be submitted to the 
EPA-OSW in June 1996, will provide a demonstration of compliance with the 40 CFR 
§268.6 standards for the 10,000-year modeling period. Preliminary calculations have 
indicated that during 10,000 years, no migration of hazardous constituents beyond the 
unit boundary will occur. 

Once a NMD has been granted, the EPA will have the authority to enforce the terms and 
conditions of the NMD. Chapter C, 'Waste Analysis Plan," describes the waste analysis 
requirements thatthe DOE has identified for compliance to the Land Disposal Restrictions 
and establishes that limits it believes must be imposed on the waste in order to ensure 
compliance. These requirements include headspace gas analysis, totals analysis for 
homogeneous waste forms, and limits to those wastes listed in the Part A. 

The text of Chapter L has been revised to include the information described above. 

***** 
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WIPP RCRA Part B Permit Application 
DOEJWIPP 91-005 

Revision 5.2 

CHAPTER L 
NO-MIGRATION VARIANCE PETITION 2 

In March 1989, the U.S. Department of Energy (DOE) submitted to the U.S. Environmental 3 

Protection Agency (EPA) a no-migration variance petition (NMVP) under 40 CFR §268.6 for the 4 

Waste Isolation Pilot Plant (WIPP) facility. The document was subsequently expanded to include 5 

an addendum and was resubmitted to the EPA in March 1990. The addendum provided 6 

additional information specifically requested by the EPA. The petition demonstrated that site 7 

characteristics (i.e., the ability of the bedded salt to isolate emplaced wastes from groundwater); 8 

operational practices, which would prevent releases to air, soil, and surface water; and 9 

characteristics of the waste designated for disposal at the WIPP were sufficient to prevent 10 

migration of hazardous constituents beyond the unit boundary during the Test Phase. 11 

On November 14, 1990, the EPA issued a Conditional No-Migration Determination (NMD) for the 12 

WIPP facility (55FR47700). The Federal Register notice provided information relevant to the 13 

NMD, described the EPA's responses to comments provided on the proposed NMD 14 

(55FR13068), and specified the conditions and limitations of the NMD. 15 

The DOE abandoned plans for a Test Phase at the WIPP facility. Prior to initiating disposal 16 

operations, the DOE 19!~\'ill submit another NMVP scheduled f.or phased submittal beginning 17 

in May 1 QQ5 and will seek another NMD from the EPA for disposal operations. 11::::@1§!\\lm!j 18 
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In order to fulfill the requirement of Title 20 of the New Mexico Administrative Code, Chapter 4, 30 

Part 1 (20 NMAC 4.1), Subpart IX, §270.14(b)(21), a copy of the Test Phase NMD is included 31 

as Appendix L 1. However, as previously stated, the DOE has abandoned plans for a Test Phase 32 

and does not propose to conduct any activities relating to a Test Phase. 33 
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